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ABSTRACT

Quinoxaline derivatization has been the most commonly used approach for sialic acid
quantitation of biological samples and glycoproteins by either HPLC or LC-MS/MS. However,
the reported methods still suffer from many disadvantages, such as instable/expensive reagents,
instable derivatives, and/or multiple products, which prevent their practical applications for SA-
focused clinical screening and biopharmaceutical analysis. In this study, we investigated the
quinoxaline derivatization of SAs with different commercially available phenyldiamines, and
found a stable and inexpensive 4,5-dimethylbenzene-1,2-diamine (DMBA), that selectively
reacted with SA to form a stable quinoxaline derivative efficiently and with strong UV and
fluorescence absorption. The optimized DMBA derivatization condition was successfully applied
to quantitation of free and total SAs (N-acetyl-D-neuraminic acid (Neu5Ac) and N-glycolyl-D-
neuraminic acid (Neu5Gc)) in fetal bovine serum (FBS) and glycoprotein fetuin using HPLC
with fluorescence detection. The limit of detection (LOD) for NeuSAc and Neu5Gc were 6.00
and 8.80 pg, and the limits of quantitation (LOQ) for NeuSAc and Neu5Gc were 18.0 and 29.0
pg on column, respectively. This method was also applied to determine total SA in human
plasma sample. This DMBA derivatization method provides a robust, easy-handling, sensitive

and cost effective approach for quantitation of SAs in glycoconjugates and biomatrices.

Keywords: Sialic acid; Quinoxaline derivatization; High performance liquid chromatography;

Fetal bovine serum; Fetuin; Human plasma
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Introduction
Sialic acids (SAs), also known as neuraminic acids, often terminate cell surface glycoconjugates
and involved in many physiological and pathological processes, such as immunological process,
hormonal response, signal transmission, and tumor progressionl’z' For example, cancers and
cancer stages are associated with a significant overrepresentation of SAs on the cancer cell
surface®*. In addition, SAs exist in both free and conjugated forms such as glycoproteins and
glycolipids in tissues and fluids such as serum, urine, and saliva. It is known that the amounts of
free SAs and conjugated SAs are elevated in plasma of cancer patients in comparison to healthy
individuals®®. Furthermore, the elevation of total SAs in serum of cardiovascular diseases is a
strong predictor of cardiovascular mortality’. Therefore, SAs have been considered as a
biomarker for certain types of cancers, cardiovascular diseases, and some other diseases.
Development of efficient analytical methods for structural and functional studies of SAs and
sialylglycans are very important and highly demanded'®. In addtion, the ability to detect and
quantify the changes in both free SA and conjugated SA is an important aid for clarifying the
great significance of SAs in both physiological and pathological conditions and in the diagnosis
of diseases. On the other hand, glycoprotein sialylation and the identity of the sialic acids are
very critical to therapeutic glycoprotein’s efficacy, pharmacokinetics, and potential
immunogenicity''. Therefore, identification and quantitation of SAs are very important for
therapeutic glycoprotein production and applications.

N-acetyl-D-neuraminic acid (NeuS5Ac) and N-glycolyl-D-neuraminic acid (Neu5Gc) are

12,13 and

common SAs present in glycoconjugates. So far, several methods, including colorimetric
fluorometric'*" assays, liquid chromatography coupled with different detection techniques, such

as pulsed amperometric detection (PAD)'®*'", UV'®, fluorescence'®’, and mass spectrometry
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(MS)**** have been developed for quantitation of SAs. Chromatographic methods have the
advantage of quantitatively differentiating various forms of SAs. For example, quinoxaline
derivatization followed by HPLC with fluorescence detection has been widely used for SA

e 20,21,23-25,27,36-38
quantitation™ " " T .

1,2-Diamino-4,5-methylenedioxybenzene (DMB) has been most
commonly used for SA derivatization and quantitation since it gives strong florescent intensity
for HPLC detection®”*"***, Recently, DMB derivatization has been expanded to LC-MS/MS

SAs quantitation since it also affords good MS response?’ %

. However, both DMB reagent and
its SA derivative are very instable due to their light and oxygen sensitivity. Therefore, DMB
reagent and its SA derivative need to be stabilized by reducing agents such as sodium
hydrosulfite and 2-mercaptoethanol during derivatization reaction. In our studies, we found that
DMB changed color even during a short weighing process, and the chromatographic peak area of
the SA-DMB varied day to day *"*°. Therefore, fresh DMB solution has to be prepared for each
assay, which is very time consuming and often causes analytical variations. In addition, the high
cost of DMB is another problem considering that its reagent solution needs to be prepared
freshly each time. In this study, we evaluated four commercially available compounds having the
same phenyldiamine structure as DMB for SA derivatization and their HPLC analysis
applicabilities (Fig. 1). We found that inexpensive 4,5-dimethylbenzene-1,2-diamine (DMBA)
was a very stable reagent, and it reacted with NeuSAc to form a single, stable quinoxaline
derivative, which had very strong UV and fluorescence response too. Further, the DMBA
derivatization was successfully applied to the HPLC analysis of SAs in fetal bovine serum (FBS),
glycoprotein fetuin and human plasma.
Fig. 1

Results and discussion
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UV spectroscopy monitoring of stability of penyldiamines and their sialic acid quinoxaline
derivatives

DMB has been widely used for SA quantitation as it reacts selectively with a-keto carboxylic
acid of SA to form the quinoxalinone that has strong fluorescent absorption. However, DMB is
instable due to its light and oxygen sensitivity and very expensive as well, all of which prevent
its practical use in SA quantitation applications. In this study, we systematically examined four
commercially available phenyldiamines having the similar 1,2-diamino-benzene structure as
DMB for SA derivitization and HPLC analysis (Fig. 1). In general, the quinoxlinone derivatives
of SA have UV absorption at 340-360 nm. First, we used UV spectroscopy to monitor and
compare the stabilities of phenyldiamine DMB, OPD, DAT, DMBA and their NeuSAc
derivatives with or without reducing agent sodium hydrosulfite (Na,S,04) (Fig. 2). Various UV
absorptions were observed for both DMB and DMB-NeuS5Ac derivative with and without
Na,S,04, which indicated the instability of both DMB and its derivative during the reaction. The
same conclusion could be obtained from the UV absorptions of DMB-NeuS5Ac derivative even
though two reducing agents sodium hydrosulfite and 2-mercaptoethanol were added during
derivatization reaction. Meanwhile, OPD and DAT as well as their derivatives showed very
simple UV absorptions in the presence of Na,S,04, which mean that they were quite stable in the
presence of reducing agent. However, in the absence of Na,S,0s, their UV spectra showed
additional absorption due to their structural changes. In contrast, for DMBA-NeuSAc
derivatization with or without Na,S,04, there was no additional absorption observed except the
absorption from the derivative that increased steadily with reaction time increased. These results

clearly indicated that both DMBA and its SA derivative are very stable and could serve as a
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better derivation reagent for quantitative analysis of SA. In addition, DMBA is thousand times
cheaper than DMB as the current commercially availability.

Fig. 2

'"H NMR spectroscopy monitoring of the reaction Kkinetics of sialic acid quinoxaline
derivatization

The formation of SA quinoxalinone derivatives and their reaction kinetics were also monitored
by '"H NMR spectroscopy, in which the chemical shifts of protons at C-3 of SA and aromatic
protons of phenyldiamines were found shift to the lower field along with the quinoxalinone
derivatives forming (Fig. 3). Apparently, the formation of SA quinoxaline derivatives completed
in 2 hr according to the proton signals (6 2.53, 2.13) at C-3 of SA shifting to low field
completely. Interestingly, from the 'H-NMR spectrum of DAT-Neu5Ac derivative, two methyl
proton signals of ¢ 2.67, 2.69 and two ABX system protons of aromatic groups at & 7.43~7.94
were observed (Fig. 3A), which indicated that there were two quinoxalinone derivatives formed.
This is due to the asymmetrical methyl substitution of DAT, which has two addition pathways
upon reacting with a-keto carboxylic acid of SAs. In contrast, only one quinoxalinone derivative
was observed for DMBA (Fig. 3B), OPD, and DMB (Supporting Information Fig. S1A and S1B),
all of which have symmetric substitution on the phenyl ring. Furthermore, in the spectra of
Neu5Ac-DMB derivative (Supporting Information Fig. S1B), the signals of 6 7.22 and some
small peaks not belong to the NeuSAc-DMB derivative were observed too, which verified that
DMB is not good reagent for NeuSAc derivatization. Finally, the SA quinoxalinone derivative of
DMBA has been purified from the reaction solution as a white powder and fully characterized

with ESI-MS (m/z 414.0043, [M-H,0+Na]") and 'D and D NMR data (Supporting Information
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Fig. S3-S6 and Table S1). These further proved that DMBA could serve as an excellent SA
derivatization reagent.

Fig. 3

Optimization of SAs derivatization with DMBA for HPLC analysis

Our preliminary experiments showed that the DMBA derivatization product of NeuSAc had
strong excitation at 379 nm and emission at 432 nm (Fig 2S in supporting information), which
were employed as the fluorescent channels for HPLC analysis. In order to find out the optimized
derivatization condition, the standard Neu5Ac was reacted with DMBA at 25, 50, 60, 70, 80, and
90 °C for 30-180 min, respectively. As shown in Fig. 4, a maximum intensity of SA was obtained
following DMBA derivatization at 60 °C for 1 hr. Therefore, we chose this derivatization
condition for SAs HPLC quantitation of biological samples below.

Fig. 4

Quantitation of total and free silaic acids in FBS and glycoprotein fetuin based on
quinoxaline derivatization and HPLC- fluororecent detection.

Optimization of acidic release of free SAs from FBS

The most commonly used method to liberate NeuSAc and Neu5Gc from biological samples is
acidic hydrolysis. In order to determine the total SAs, a complete hydrolysis of glycosidic
linkage must be achieved while maintaining the stability of NeuSAc and Neu5Gc in the
hydrolysis medium. Hydrochloric acid was widely used as a hydrolysis catalyst in the literatures
28,32

. In the present study, we investigated the free SAs release from FBS with hydrochloric acid

at different concentrations (10, 25, 50, and 100 mM) for 30-240 min. As a result, 100 mM
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hydrochloric acid at 80 °C for 60 min afforded the maximum content of Neu5Ac (Fig. 5),
therefore, this condition was employed to release free SAs from FBS and fetuin as well prior to
DMBA derivatization and HPLC analysis.

Fig. 5

Quantitation of total and free Neu5Ac and Neu5Gc in FBS, fetuin, and human plasma

The SA-released samples from FBS and fetuin were derivatized with DMBA under the
optimized conditions above followed by HPLC analysis under fluorescent detection. As shown
in Fig. 6, DMBA-derivatives of Neu5Ac and Neu5Gc were well separated in all samples using
our HPLC conditions. As a result, he total Neu5Ac and Neu5Gc were 1.13 and 0.06 pg uL” in
FBS, and the total Neu5Ac and Neu5Gc were 6.50% (w/w) and 0.20% (w/w) in fetuin,
respectively (Table 2). In addition, the free Neu5Ac and Neu5Gc were measured as 6.90 x 107
and 6.00x 10° pg pL™' in FBS by DMBA derivatization and HPLC analysis after protein
precipitation. Our measurements were much close to the reported values **. Upon quintuplicate
experiments, the coefficient of variations (CV) for quantitation of free and total SAs in FBS and
fetuin were in the range of 3-9 %, indicating our assay were very reproducible. In addition, using
our DMBA derivatization combined with HPLC-fluorescence assay (2 puL injection volume), the
LOD and LOQ for Neu5Ac were 6.00 pg and 18.0 pg, respectively, While, the LOD and LOQ
for Neu5Gc were 8.80 pg and 29.0 pg, respectively. Finally, the SA-released samples from
human plasma sample was derivatized with DMBA under the optimized conditions above
followed by HPLC analysis (Table 1). The total SA concentration of 0.52 ug uL'l was obtained.
To the best of our knowledge, this is the first study to quantify SA in human plasma using HPLC

method.
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Fig. 6

Table 1

Recoveries of Neu5Ac and Neu5Gec standards spiked into FBS

In order to further evaluate the suitability of this assay for quantitation of SAs in FBS, we added
Neu5Ac and Neu5Gce standards into aliquots FBS samples after 100 mM hydrochloric acid
hydrolysis at 80 °C for 60 min, and then measured the Neu5Ac and Neu5Gc contents in the
samples using the DMBA derivatization followed by HPLC-fluorescent detection. The increased
contents in the samples with the addition of Neu5Ac and Neu5Gce were 101% (CV = 1%) and
99.5% (CV = 2%) of the added SAs recovered, respectively. These results suggested that there

were excellent recoveries of Neu5Ac and Neu5Ge.

Conclusions

We have thoroughly investigated quinoxaline derivatization of SAs with commercially available
phenyldiamines and their HPLC quantitation applicability. DMBA, a stable and inexpensive
phenyldiamine, selectively reacted with SA to form a single stable derivative efficiently with
strong UV and fluorescent absorptions. Further, the SA-DMBA derivatization provided a
convenient and cost-effective HPLC analysis of SAs as demonstrated by quantitation of NeuSAc
and Neu5Gc in both FBS and glycoprotein fetuin. Finally, this method was successfully applied
to determine the total SA in human plasma. Considering such advantages as great stability of
both DMBA and its derivatives, easy handling, high fluorescence signal, and low cost, this

DMBA derivatization-HPLC assay can serve as a robust, sensitive, and inexpensive approach for
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quantitation of SA in glycoconjugates and biomatrices, which will be widely used for practical

SA-focused clinical screening and biopharmaceutical analysis applications.

Experimental

Chemicals and consumables

All reagents were of analytical grade quality unless stated otherwise. Fetuin from fetal calf serum,
3,4-diaminotoluene (DAT, 97%), 1,2-diamino-4,5-methylenedioxybenzene (DMB, 98%), O-
phenylenediamine (OPD, 99%), silica gel and TLC plate (Silica gel 60 F,s4) were purchased
from Sigma-Aldrich Inc. (St. Louis, MO, USA). 1,2-diamino-4,5-dimethybenzene (DMBA, 98%)
was obtained from Synquest Laboratories Inc. (Alachua, FL, USA). N-acetyl-D-neuraminic acid
(Neu5Ac, 98%) was purchased from Rose Scientific Ltd. (Edmonton AB, Canada). N-glycolyl-
D-neuraminic acid (Neu5Gc, 98%) was purchased from Carbosynth Ltd. (San Diego, CA, USA),
D,0 (D, 99.8%) and acetic acid-ds (D, 99.9%) were purchased from Cambridge Isotope
Laboratories, Inc. (Andover, MA, USA). Acetonitrile (HPLC grade), methanol (HPLC grade)
and acetic acid (ACS grade) were obtained from Fisher Scientific (Hanover park, IL, USA).
Deionized water was generated from Barnstead Nano-PURE Water Purification System
(Asheville, NC, USA). Fetal bovine serum was purchased from Innovative Research (Novi, MI,

USA). Human plasma was purchased from Innovative Research (Novi, MI, USA).

UV spectroscopy monitoring of the stability of penyldiamines and their SA quinoxaline
derivatives
The reaction solutions were prepared by mixing NeuSAc (0.08 mM) and derivatization reagent

(DAT, DMB, OPD, or DMBA at 0.8 mM) in 0.15 M acetic acid with or without sodium

10
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hydrosulfite (Na,S,04, 0.18 mM), and the total volume of the mixture was 3 mL. The
derivatization solutions were heated at 60 °C, and their UV spectra (200 - 600 nm) at 0, 1, 2, 3, 4,
5, and 6 hr, were monitored respectively on a Cary 50 Bio UV-visible spectrophotometer with

single cell pectier accessory (Aglient Technologies, Inc. Santa Clara CA, USA ).

'"H NMR spectroscopy monitoring of the reaction Kkinetics of sialic acid quinoxaline
derivatives formation

The solutions of NeuSAc (8§ mM) plus DAT, DMB, OPD, or DMBA (80 mM) reagent in 0.5 mL
D,O containing 1.5 M acetic acid-ds were prepared in 5 mm NMR tube, individually. The
derivatization solutions were monitored by taking "H-NMR spectra at 60 °C for reaction times of
0, 1, 2, 3, 4,5, and 6 hr on Ascend 400 MHz NMR spectrometer (Bruker Corporation,
Switzerland). For comparison, 'H-NMR spectra of Neu5Ac, DAT, DMB, OPD and DMBA also

were taken under the same conditions, respectively.

HPLC instrumentation and conditions

Instrumentation

The HPLC analysis of DMBA-derivatized sialic acids was performed using a Shimadzu LC20
system (Shimadzu UAS MFG Inc., Canby, USA), which consisted of a CBM-20A controller,
two LC-20AD pumps, a SIL-20AC HT auto-sampler, and a RF-10Ax detector.

HPLC conditions

The separation was carried out using a XSelect HSS T3 column (3.5 um particle size, 2.1 mm X
100 mm, Waters Corporation, Milford, USA) with a XSelect HSS T3 Guard Column (3.5 pm

particle size, 2.1 mm % 10 mm, Waters Corporation, Milford, USA). The mobile phase was a

11
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gradient mixture of (A) deionized water containing 80 mM NH4HCO; and (B) methanol with a
flow rate of 0.2 mL min”'. The gradient time program was given in Table 2. The fluorescence
detection was set at 379 nm for excitation and 432 nm for emission wavelength.

Table 2

Calibration of SAs

Six calibration standards with known concentration of Neu5Ac and Neu5Gc were prepared, and
went through a DMBA derivatization procedure. The calibrations and the samples to be
measured were run in the same batch using the HPLC conditions above. The calibration curves
were established using linear regression in a range of 1.30 - 100 ng for Neu5Ac with 7% of 0.9990

and 0.22 - 26.6 ng for Neu5Gc with /* of 0.9998 on-column.

Optimization of DMBA derivatization condition by HPLC analysis

Each of the reaction mixtures was prepared by addition of 200 uL. DMBA (20 mM) into a vial
containing 40 pL Neu5Ac (5 mM). The solutions were heated at 25, 50, 60, 70, 80, and 90 °C,
and run for 30, 60, 90, 120, 150, and 180 min at each temperature, and then cooled down to 4 °C,
respectively. Aliquots of the reaction solutions were then injected into HPLC for analysis, and

the optimized derivatization condition was selected upon the results.

Quantitation of total SAs in fetal bovine serum (FBS), fetuin, and human plasma based on
DMBA derivatization followed by HPLC analysis
A 50-pL aliquot of FBS was transferred into a 2-mL screw-capped vial, and 500 pL of

hydrochloride acid (10, 25, 50, and 100 mM) was added, the mixture was heated at 80 °C for 30 -

12
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240 min. After hydrolysis, the samples were cooled down to 4 °C. A 50-uL aliquot of each
sample went through a protein precipitation procedure: a) mixed with 150 pL acetonitrile and b)
centrifuged at 21 kg for 10 min. Next, DMBA derivatization procedures and HPLC analysis were
conducted as above to quantify their total SAs. Release of SAs from fetuin (13.3 mg mL™") and
human plasma and their DMBA derivatization and HPLC analysis were conducted as the same

procedures for FBS.

Quantitation of free SAs in FBS

A 50-pL aliquot of FBS was transferred into a 1.5-mL tube, and treated by such a protein
precipitation procedures: a) mixed with 150 pL acetonitrile and b) centrifuged at 21 kg for 10
min. The supernatants were transferred into 2-mL screw-capped vials, and went through
derivatization with 200 uL. of DMBA (20 mM) at 60 °C for 60 min. The samples were then

analyzed using HPLC as the same procedures for FBS.

Statistical analysis
All standards and samples were analyzed in quintuplicate and the average, standard deviation,
coefficient of variance and standard regression data were calculated by using Microsoft Excel

2003.
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Legends

Fig. 1 Quinoxaline derivitization of sialic acids (SAs) for its HPLC quantitation application

Fig. 2 UV spectra of phenydiamines (DMB, DAT, OPD and DMBA) and their Neu5Ac (SA)
derivatizations at 60 °C from 0 to 6 hr with and without Na,S,04. (The blue lines are the

absorption of DMB, DAT, OPD, DMBA and the red lines are the absorption of derivatives in
each of the spectra, and the absorption intensity of each reaction solution increases along with

the extension of reaction time)

Fig. 3 'H-NMR spectra of Neu5Ac (SA) derivatizations with DAT (A) and DMBA (B) at 60 °C

from 0 to 6 hr (in D,0).

Fig. 4 HPLC peak areas of Neu5Ac with DMBA derivatization at 20, 50, 60, 70, 80, 90 °C for 30

to 180 min at each temperature.

Fig. 5 Measurements of total NeuSAc in FBS after hydrolysis with different concentrations of

HCI (10, 25, 50, and 100 mM) at 80 °C for 30 to 240 min.
Fig. 6 Representative chromatogram showing separation of NeuSAc and Neu5Gce derivitized

with DMBA at 60 °C for 1 hr: (A) standard Neu5Gc and (B) Neu5Ac, (C) fetal bovine serum

and (D) fetuin. Peaks: 1 from DMBA, 2 from Neu5Gc-DMBA, 3 from NeuSAc-DMBA
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Table 1. Quantitation of sialic acids in fetal bovine serum, fetal fetuin, and human plasma by

DMBA derivatization and HPLC analysis.

Table 2. Gradient time program for HPLC determination
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Sialosides Derivitization Quantification
\Release Stability/Cost  Stability/Reaction Efficiency Signal Intensity
H,N X to OH
How H,N z' R o ) Colorimetric (UV)
N |::> Fluorescence
Tie. HO - N,
lJ{-'ISI)N 2 OH 5 ﬁ /Y HPLC-Fluorescence
HO HO” °N Z
Sialic Acid (SA) Quinoxaline derivative
_ O-phenylendiamine (OPD): X, Y, Z = -
NeuSAc, R = COCHg 1,2diamino-4,5-methylenedioxybenzene (DMB): X = CHa, Y= 0. Z = CH,
Neu5Gc, R = COCH,0OH 3,4-diaminotoluene (DAT): X = CH3 Y, Z = -

4,5-Dimethylbenzene-1,2-diamine (DMBA): X = CH,, Y =-,Z = CHj

Fig. 1 Quinoxaline derivitization of sialic acids (SAs) for its HPLC quantitation application
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Fig. 2 UV spectra of phenydiamines (DMB, DAT, OPD and DMBA) and their NeuSAc (SA)
derivatizations at 60 °C from 0 to 6 hr with and without Na,S,04. (The blue lines are the
absorption of DMB, DAT, OPD, DMBA and the red lines are the absorption of derivatives in

each of the spectra, and the absorption intensity of each reaction solution increases along with

the extension of reaction time)
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Fig. 3 '"H-NMR spectra of Neu5SAc (SA) derivatizations with DAT (A) and DMBA (B) at 60 °C

from 0 to 6 hr (in D,0).
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Fig. 4 HPLC peak areas of Neu5Ac with DMBA derivatization at 20, 50, 60, 70, 80, 90 °C for 30

to 180 min at each temperature
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Fig. 5 Measurements of total Neu5Ac in FBS after hydrolysis with different concentrations of

HCI (10, 25, 50, and 100 mM) at 80 °C for 30 to 240 min.
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Fig. 6 Representative chromatogram showing separation of NeuSAc and Neu5Gce derivitized
with DMBA at 60 °C for 1 hr: (A) standard Neu5Gc and (B) Neu5SAc, (C) fetal bovine serum

and (D) fetuin. Peaks: 1 from DMBA, 2 from Neu5Gc-DMBA, 3 from Neu5Ac-DMBA
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Sialosides Derivitization Quantification
\REJNS e Stability/Cost  Stability/Reaction Efficiency Signal Intensity
OH
OH

HO

Colorimetric (UV)

HAN s X HO
OH Q Y pml OH
i . "
i & /N:@,\x\ y [ Fluorescence
s /
HO™ N z

(] OH

HO
Sialic Acid (SA)

HPLC-Fluorescence

Quincxaline derivative

O-phenylendiamine (OPD): X, ¥, Z = -
1,2.diamino-4,5-methylenecioxybenzena (DMB): X = CHy, Y= 0, 2 = CHy
3,4-dlaminololuene (DAT): X = CHy ¥, 2 =-
4,5-Dimothylbenzene-1,2-diamine (DMBA): X = CHa, Y = - Z= CH,

Neu5Ac, R = COCHy
Neu5Gc, R = COCH,0H
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Table 1. Quantitation of sialic acids in fetal bovine serum, fetal fetuin, and human plasma by

DMBA derivatization and HPLC analysis.

Neu5Ac Neu5Gc

Total Free Total Free

Fetal Boving Serum 1130+ 006  (6.90+0.30)x10°  0.060+ 0002 (6:00+Q:30)x10

-1y a
(“g(é’\';) ) (5.3 %) (4.3 %) (3.3 %) (4.3 %)
F((—:(‘)}aIVI;/?IsL)J;n 6.500 + 0.200 nd 0.200 £ 0.007 nd
°<CV) (3.3 %) (3.5 %)
Hu?nan E_l?)zma 0.52+ 0.02 nd nd nd
u% CHV) (3.8 %)

a: Average = SD, CV: coefficient of variations, nd: not detectable
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Table 2. Gradient time program for HPLC determination

Time (min) Methanol concentration (%)

0 5
5 30
10 35
20 35
25 60
30 98
35 98

35.01 5
40 5
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