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Abstract

To analyze 1-methyladenosine (m1A) and 1-methylinosine (m1I) in urine samples obtained from patients with breast cancer
and healthy people, we used magnetic dispersive solid-phase micro-extraction (MDSPME) combined with high-performance
liquid chromatography. The structure and morphology of magnetic nanoparticles, Fe;0,@GO, were investigated by FT-IR,
XRD, TEM, and TGA. m1A and m1I in urine samples were enriched by the solid phase micro-extraction technology of
Fe;0,@GO. Several parameters affecting the extraction efficiency, including adsorption time, pH, ionic strength, mass of
adsorbent, extraction time, eluent solvent, elution time, and elution temperature, were researched and optimized. Under the
optimized conditions, the corresponding linearity range of the two analytes showed a good linearity (72 > 0.9998) and sig-
nificant addition recoveries ranging from 88.50 to 109.38%, while the limit of detection was between 0.10 and 0.11 ng/mL..
The enrichment factors of m1A and m1I were 108 and 134, respectively. The method was simple, sensitive, and reliable for
the detection and purification with good detection limit, and it was suitable for the detection of m1A and m1I in urine sam-
ples. In addition, the analysis of modified nucleosides is of great value for the early diagnosis of patients with breast cancer.

Keywords Fe;0,@GO nano-adsorbent - 1-Methyladenosine - 1-Methylinosine - Magnetic dispersive solid-phase micro-

extraction - High-performance liquid chromatography (HPLC) - Breast cancer patient

Introduction

Breast cancer is a common malignant tumor in women. It is
internationally recognized that the “early prevention, early
detection and early treatment” is the key to saving the lives
of patients with breast cancer and improving their quality of
life. With the development of molecular biology, the basic
and clinical research of breast cancer markers is changing
rapidly [1-3]. This field play multiple roles in the diagno-
sis, curative effect observation, follow-up monitoring, and
prognosis of breast cancer. Notably, modified nucleosides,
which are metabolites of RNA, have great potential in the

< Lei Hong
stonehling@163.com

Department of Pharmacy, Quanzhou First Hospital Affiliated
to Fujian Medical University, 1028 Anji South Road,
Quanzhou 362000, China

Department of Pharmacy, Quanzhou Hospital of Traditional
Chinese Medicine, Quanzhou 362000, China

application of tumor markers [4—8]. Nucleoside differences
in healthy adults are very small [9]. Modified nucleosides
mainly exist in tRNA and they are obtained from the tran-
scription of RNA and modified by specific methyltransferase
and ligase. They are excreted in urine and cannot be reused
or degraded by the body. Therefore, the amount of urinary
modified nucleosides can reflect the degradation rate of
tRNA and can determine the cell proliferation in the body.
When the rapid growth of tumor cells in tumor patients
accelerates the synthesis of tRNA, the emission of urinary
modified nucleosides will increase [10, 11]. In general, uri-
nary modified nucleosides could be used as universal tumor
markers for the early diagnosis, treatment, and prognosis
of cancer. The urinary levels of 1-methyladenosine (m1A)
and 1-methylinosine (m1I) in patients with breast cancer
are remarkably higher than those in healthy people [12—15].
Their emissions are negatively correlated with prognosis.
Therefore, m1A and m1I were selected as the research
objects in this project to explore their emissions in urine.
Urinary modified nucleoside emissions vary greatly at dif-
ferent times of the day and are slightly affected by food.
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Howeyver, the ratio of nucleoside concentration to creatinine
(CRE) concentration in random urine and 24-h urine does
not change [16]. Therefore, the ratio of modified nucleosides
to creatinine (nmol/pmol) was used to reflect the contents
of m1A and m1I in urine samples from healthy people and
patients with breast cancer. The structures of m1A, m11, and
CRE are shown in Fig. 1.

Various methods to quantify nucleoside using high
performance liquid chromatography have been developed
and validated. In comparison with other components, the
content of nucleoside in the urine with complex chemical
composition is very low. Therefore, special pretreatment
method should be used for the separation, enrichment, and
purification from the complex matrix. The new solid-phase
microextraction technology is a good choice, which is easy
to operate, fast, and environmentally friendly. Magnetic
dispersive solid-phase micro-extraction (MDSPME), a new
pretreatment method that uses magnetic or magnetic modi-
fied materials as adsorbents [17, 18], has been gradually
developed. With large specific surface area, good chemi-
cal stability, positive surface charge, and anion exchange
function, graphene oxide (GO) is suitable for absorbing
nucleotides with negative charge. GO and magnetic materi-
als have the characteristic of easy separation, resulting in
a new composite material, which can be used as a high-
efficiency magnetic adsorbent [19]. MDSPME does not
need the small traditional SPE column, but the adsorbent
material is placed directly into the sample solution. As the
contact area between the adsorbent and target analyte greatly
increase, the extraction efficiency is improved. In addition,
the use of external magnetic field for magnetic separation is
simple and fast, thus greatly shortens the experimental time.
In recent years, the solid-phase microextraction of magnetic
graphene oxide (Fe;0,@GO) has been widely used in envi-
ronmental and food analysis [20-24], but its application in
medical field is rarely reported.

In this study, the solid-phase microextraction technology
of Fe;0,@GO was established to purify and enrich m1A and
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mll in urine samples obtained from patients with breast can-
cer and healthy patients, and the contents of m1A and m11
were determined by HPLC. In addition, this study aimed to
optimize the chromatographic conditions and the adsorp-
tion—elution conditions of Fe;0,@GO. This study provides
a new idea for the pretreatment and analysis of urinary modi-
fied nucleoside as a tumor marker of breast cancer and a
new method for the early diagnosis and prognosis tracking
of breast cancer for the application of modified nucleoside
in clinical practice.

Materials and Methods
Regents and Materials

Creatinine, formic acid, glacial acetic acid, acrylic acid,
n-pentanol, and hexanol were obtained from Aladdin Rea-
gent Company (Shanghai, China). 1-methylinosine and
1-methyladenosine were obtained from Research Chemical
Reagent Company. (Toronto, Canada). Analytical reagents
including ammonium acetate, sodium chloride, sodium
hydroxide, ethanol, n-butanol, and hydrochloric acid were
obtained from Chinese Medicine Group Chemical Rea-
gent Company. (Shanghai, China). HPLC-grade methanol
(MeOH) for liquid chromatography was obtained from
Sigma Company. (St., Louis, Mo., USA). All water used in
the study were double-distilled water.

Instrumentation

The instruments used include LC-15C high-perfor-
mance liquid chromatograph (Shimadzu Corporation,
Japan), Agilent TC-C18 column (4.6 mm X 250 mm,
5 pum, Agilent Technologies, USA), FTIR spectrometer
(Thermo Fisher Scientific, USA), BS124S electronic
balance (Beijing Sartorius Instrument System Limited
Company, China), SZ-93 Automatic Double Pure Water
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Fig. 1 The structures of 1-methyladenosine, 1-methylinosine and creatinine. a 1-methyladenosine (m1A); b 1-methylinosine (m11); ¢ Creatinine

(CRE)

@ Springer



Integration of Magnetic Dispersive Solid-Phase Micro-extraction with HPLC for Precise... 409

Distillatory (Shanghai Ya Rong Biochemical Instrument
Factory, China), IKA Vortex Genius 3 vortex mixer (IKA-
Labortechnik, Germany), X-ray photoelectron spectrom-
eter (Philips, Netherlands), and GEM-2100 transmission
electron microscope (JEOL, Netherlands).

Synthesis of Graphene Oxide

The previous synthesis and characterization methods for
graphene oxide of the research group were used for refer-
ence [25]; the synthesis of GO sheets adopted the Hum-
mer’s method, which is a common preparation method
for graphene oxide. Concentrated sulfuric acid (98%) was
added into a 1000 mL round bottom flask, and 36 mL phos-
phoric acid (85%) was added under stirring in ice water
bath. After adding 2.7 g graphite powder, 16.2 g potas-
sium permanganate (mass ratio of graphite to potassium
permanganate is 1:6) was added for a few times within
10 min, and the solution became dark green. The reaction
was stirred in ice water bath (0 ‘C) for 4 h, heated to 35 'C
for 4 h, and finally stirred at 50 “C for 21 h. Then, the mix-
ture was continued to be stirred in ice water bath, 360 mL
of deionized water was added slowly, and the color of the
solution changed from dark green to brownish red with
bubbles. Then, approximately 8 mL of hydrogen peroxide
was added and the color changed from brown-red to bright
yellow. After centrifuging at 6000 rpm for 15 min in a
low-speed, large-capacity multi tube centrifuge, 200 mL
of 30% HC1 was added. Next, the compound was washed
neutral with deionized water, washed once with anhydrous
ethanol, and dried in vacuum for 24 h.

Synthesis of Fe;0,@GO0 Nanoparticles

Fe;0,@GO nanoparticles were generated via chemical
co-precipitation of Fe’* and Fe®* in the presence of GO.
In brief, 200 mg GO was added to 200 mL of water, and
the dispersed solution was sonicated for 2 h. A total of
11.25 mL of 2 mol/L FeCl;+6H,0 and 3.0 g FeCl,+4H,0
were dissolved in 50 mL of water, and the mixture was
added to 1 mg/mL GO solution. Next, NH;+H,O was added
to co-precipitate Fe;0, at 50 C under argon gas with
mechanical agitation until the pH reached 10.0-11.0. The
reaction solution was agitated for 3 h. Then, the tempera-
ture of reaction solution was elevated to 90 °C and main-
tained for 1.5 h. Next, the reaction solution was left to cool
at room temperature. Finally, the black-brown Fe;0,@GO
was collected by magnetic separation, washed with water
and anhydrous ethanol, and dried under vacuum at 50 C
for 24 h.

Characterization of Fe;0,@GO0 Nanoparticles

The morphology and structure of Fe;0,@GO nanoparti-
cles were characterized by transmission electron micros-
copy, X-ray diffractometer, and Fourier transform infrared
spectroscopy.

Standard Solution Preparation

First, a 10.00 mg/mL creatinine standard reserve solution
was prepared and placed in 4 °C storage reserve, accord-
ing to the need to dilute the standard reserve solution water
into a certain concentration of standard working solution.
Next, m1A and m1I standard reserve solutions of 1.000 and
1.010 mg/mL, respectively, were prepared and placed in
frozen storage reserve. The m1A and m1I standard reserve
solutions were diluted into a certain concentration of mixed
standard working solution.

Collection and Preparation of Urine Sample

Urine samples were divided into disease and healthy control
groups. The urine samples of disease group were obtained
from eight untreated patients with breast cancer (A1-AS8)
from the Quanzhou First Hospital Affiliated to Fujian Medi-
cal University. Urine samples of healthy control group were
randomly obtained from eight healthy students (B1-B8)
from the pharmacy department of Quanzhou First Hospi-
tal Affiliated to Fujian Medical University. Following col-
lection, all urine samples were set aside in —20 °C sealed
preservation immediately. Before analysis, the urine sam-
ples were thawed at room temperature. Exactly 10 mL of
urine sample was obtained, its pH was adjusted to 10.0 with
0.05 mol/LL NaOH solution, the sample was transferred into
a 50 mL volumetric flask, and the volume was fixed to the
scale for standby. Then, the samples were centrifuged at
5000 rpm for 15 min, and 20 mL of supernatant was col-
lected as the adsorption supply phase reserve. A total of
95.0 mg MGOs were added to 20 mL of the aforesaid solu-
tion in 50 mL EP tube. The mixture was dispersed by vortex
for 6 min. Then, the MGOs were collected by a magnet,
whereas the supernatant liquid was discarded. The collected
MGOs were immersed in 2 mL of 0.5% acetic acid aque-
ous solution saturated by n-butanol and vortexed for 10 s,
followed by the separation of the suspension through ultra-
sound (power 300 W) elution for 5 min at 40 °C. Magnet was
used to separate the MGOs again, and the eluent was filtered
using a 0.22-um filter, frozen for 9 h, and then re-dissolved
with 80 pL of water. A total of 20 pL of supernatant liquid
was injected into the HPLC system for sample determina-
tion. Figure 2 illustrates the complete process of MDSPME
system combined with HPLC-DAD for the determination
of urine samples.
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Fig.2 The process of MDSPME system combined with HPLC-DAD for the determination of urine samples

In addition, 50 pL of urine samples were diluted with
water for 200-500 times after thawing at room tempera-
ture, filtered by 0.22-um filter, and injected into the HPLC
system.

Analysis of Chromatographic Conditions for m1A
and m1l

The LC-15C system was used for the chromatographic sepa-
ration of the aqueous solution. The analytes were separated
by Agilent TC-C18 column (4.6 mm X 250 mm, 5 pm) under
gradient elution conditions. The mobile phase consisting of
(A) 0.03% acetic acid/5 mmol/L-ammonium acetate and (B)
MeOH was applied at a flow rate of 1.0 mL/min (gradient
elution mode: 0-8.5 min, 4% B; 8.5-14.0 min, 4%-25% B;
14.0-25.0 min, 25% B; 25-30 min, 25%—4% B). The wave-
length for detection was 254 nm. The injection volume of
the sample solution was 20 pL. The column temperature was
controlled at 30 °C.

Analysis of Chromatographic Conditions
for Creatinine

Creatinine was separated by Agilent TC-C18 column
(4.6 mm X 250 mm, 5 um) for analysis and detected by
LC-15C system directly after diluting. The mobile phase
including 95% of (A) 0.05% acetic acid/30 mmol/L. ammo-
nium acetate and 5% of (B) MeOH was applied at a flow rate
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of 0.9 mL/min. The wavelength for detection was 254 nm.
The injection volume of the sample solution was 20 uL.. The
column temperature was controlled at 30 °C.

Results and Discussion
Characterization of Fe;0,@GO

Figure 3a shows the FTIR spectra of Fe;O @GO, GO, and
Fe;0, nanoparticles. The comparison of several charac-
teristic absorption peaks shows that Fe;O, nanoparticles
have been successfully prepared. Figure 3b indicates the
XRD patterns of Fe;0,@GO. Fe;0, displayed six notable
diffraction peaks (26 = 30.2°, 35.5°, 43.6°, 53.4°, 57.3°,
and 62.9°), which were assigned to the crystal faces of
(220), (311), (400), (422), (511), and (440), respectively.
Figure 3c shows the TEM image of GO loaded with Fe;0,
nanoparticles. The Fe;O, nanoparticles are assembled
on the GO sheet to form composite materials. Figure 3d
indicates that the TGA curves of Fe;0,@GO, which were
obtained by heating up to 800 ‘C under N,, exhibiting the
amount of GO bound onto the surface of Fe;0, and ther-
mal stability of Fe;0,@GO. The characterization results
showed that Fe;0,@GO was successfully synthesized.

Optimization of Extraction Conditions

The efficiency of extraction procedure was affected by sev-
eral factors, including adsorption time, pH, ionic strength,
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Fig. 3 Characterization of Fe304@GO nanoparticles: a FTIR, b XRD, ¢ TEM at 50 nm and at 20 nm, d TGA
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mass of adsorbent, elution solvent, ultrasonic time, and
ultrasonic temperature.

Optimization of Adsorption Time

A vortex oscillator, which could shorten the diffusion time
of adsorbent through a unique vortex system was used to
make Fe;0,@GO fully mix with the target and absorb it.
The experiments were actualized by mixing 30 mL of nucle-
otide solution (0.5 ug/mL, pH = 10) with 95.0 mg MGO in
a series of vortex time ranging from 2 to 7 min. The experi-
mental results showed that with the increase of vortex time,
the adsorption effect of the target could be improved, and
the extraction recovery of the remaining target in the adsorp-
tion solution was almost unchanged after 5 min (Supporting
Information, Fig. S1A). Consequently, to ensure the adsorp-
tion effect, the practical choice for vortex time is 6 min.

Optimization of pH

Adsorption pH can change the surface charge density of
Fe;0,@GO, which is an important factor affecting the
adsorption effect. Therefore, this study investigated the
adsorption effect of the adsorption solution pH in the
range of 3.0-12.0 under 6 min of vortex, whereas 95 mg
MGO was mixed with nucleotide mixture (0.5 pg/mL). The
experimental results showed that the adsorption effect of
m1I was almost unaffected by the pH, while the adsorption
effect of m1 A was the best at 10.0. (Supporting Information,
Fig. S1B). Therefore, a mixed solution of nucleotides with a
pH of 10 was selected for the next study.

Optimization of lonic Strength

The experiment about the effect of ionic strength by add-
ing different concentrations of NaCl (0.1, 0.2, 0.3, 0.4,
and 0.5 M) to the mixed solution of nucleotides were
investigated further. The results showed that the adsorp-
tion efficiency of m1I did not change obviously with the
increase of ionic strength, but the adsorption efficiency of
mlA decreased (Supporting Information, Fig. S1C). This
result was obtained because of the existence of electrostatic
adsorption and the competition between NaCl and the target
substance on Fe;O,@GO that inhibited the adsorption of the
target substance. Therefore, the following experiments were
performed without adding NaCl.

Optimization of MGO Mass
After determining the adsorption time, adsorption liquid pH,
and NaCl concentration, the amount of adsorbent used was

increased to increase the adsorption rate of the target. Thus,
the experiment determined the effects of MGO mass by
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working through different nano-sorbent doses (20-100 mg)
mixed with 30 mL of nucleotide mixture (0.5 pg/mL,
pH = 10.0) under 6 min vortex. The results showed that with
the increase of MGO mass, the adsorption effect increased,
and the target was almost completely adsorbed as the amount
of absorbent exceeded 80 mg (Fig. 4). Moreover, MGO
absorbed a small amount of impurities because of the similar
structure of the components in the urine samples. To ensure
that the target was completely adsorbed, we selected 95 mg
MGO for the following experiments.

Optimization of Elution Solvent

First, we determined that the adsorption effect on m1A was
better when the pH of the adsorption solution is alkaline.
Thus, different kinds of acid solvents, such as hydrochloric
acid, acetic acid, formic acid, and benzoborate acid, at dif-
ferent concentrations were used to desorb the target in this
part. The experimental results showed that the elution effect
of 0.5% acetic acid aqueous solution on m1A was the best,
whereas the elution effect on m11I was poor. To improve the
solubility of m11, we used different proportions of methanol
water solution, ethanol water solution, saturated water solu-
tion of n-butanol, saturated water solution of n-pentanol,
and saturated water solution of n-hexanol. The experimen-
tal results indicated that the saturated water solution of
n-butanol had the best elution effect on m11 but not on m1A,
and 0.5% acetic acid solution saturated with n-butanol as the
eluent was selected to elute the two targets to achieve the
best elution effect of the two targets at the same time.

Then, the volume of 0.5% acetic acid solution saturated
with n-butanol was optimized. When 2 mL of 0.5% acetic
acid solution saturated with n-butanol was added (added in
twice), m1I and m1A were eluted out.
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Fig.4 The effect of MGO mass on adsorption efficiency
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Optimization of Ultrasonic Time and Ultrasonic
Temperature

The cavitation effect of ultrasound makes the target adsorbed
on MGO surface in the cavitation field, obtaining the energy
of shock wave, thus reducing the adsorption rate. Moreover,
the target can convert the absorbed energy into heat energy,
thus increasing the solvent temperature and enhancing the
dissolution rate of the target. However, if the temperature
is very high, the stability of the target is affected. In this
experiment, the influence of ultrasonic elution time within
0-15 min on the target determination was investigated.
When the ultrasonic time exceeded 5 min, the elution effi-
ciency achieved equilibrium (Supporting Information, Fig.
S2A). Therefore, the ultrasonic time was set to 5 min for the
following experiments.

In addition, a proper temperature will influence the elu-
tion efficiency. The temperature was set to 25, 30, 40, 50, and
60 °C to reveal the effect of ultrasonic extraction temperature
on the target determination. The results showed that with
the increase of temperature, the elution efficiency increased
obviously, but when the temperature reached 40 ‘C, the elu-
tion efficiency decreased obviously (Supporting Information,
Fig. S2B). This may be attributed to the disruption of the
hydrogen bonding effect between the analyte and the eluting
solvent as the temperature increases, thus causing a decrease
in elution efficiency. Therefore, 40 °C was selected for the
following experiments.

In conclusion, the optimum extraction conditions for the
target in urine samples were addition of 95 mg MGO to the
adsorbed solution (with no salt, pH = 10.0) and vortex time
of 6 min. Then, 2 mL of 0.5% acetic acid aqueous solution
saturated by n-butanol was added to MGO and ultrasoni-
cated for 5 min at 40 C.

Reusability of the Nanoparticles

The reusability of the Fe;O,@GO nanoparticles was evalu-
ated for 12 sequential cycles. The Fe;0,@GO nanoparticles
could be used for 10 cycles, and the extraction recovery of
m1A and m1I were both greater than 90% (Supporting Infor-
mation, Fig. S3). These indicated a good reusability of the
nanoparticles.

Method Validation

This validation was performed following the International
Coordinating Council for Harmonization of Technical
Requirements for Pharmaceuticals for Human Use (ICH)
guideline [26].

After establishing the determination method, the method
was validated on urine specimens in terms of relevant
parameters of linearity range, limit of detection (LOD),
limit of quantification (LOQ), repeatability, stability, intra-
day and inter-day precision, and the recovery of extraction.

After preparing a series of mixed standard working solu-
tion of m1A and m1I in the range of 1-1000 ng/mL, the
sample was injected for analysis after extraction under the
optimal conditions. Based on the data obtained, the calibra-
tion curves showed good linearity within a specific linear
range. Meanwhile, a series of creatinine standard working
solution with concentrations of 0-10 pg/mL were prepared,
and relevant data were obtained by direct injection analysis.
The results indicated that the linear relationship of creatinine
was good in the linear range. In addition, the sensitivity was
evaluated based on the LODs and LOQs, which were esti-
mated at a signal-to-noise ratio of 3:1 and 10:1, and detailed
information is listed in Table 1. The lower limit of quanti-
fication samples was tested for 12 consecutive times. The
deviations between the tested values and theoretical values,
as well as the relative standard deviations (RSDs) of the
test results, were calculated. It was found that the deviations
between the tested values and theoretical values of m1A and
m1lI ranged from 4.75 to 7.05%, and the RSDs of the tested
parallel samples ranged from 6.75 to 7.16%.

The repeatability of sample preparation was determined
by six-replicate experiments, and the RSD % (n = 6) of the
sample solutions was <2.4%. The stability of sample solu-
tions was achieved via continuous analysis of the same sam-
ple at standing times (0, 2, 4, 6, 12, and 24 h), and the RSD
% (n = 6) was <1.6%.

The intra-day and inter-day repeatability was analyzed
to investigate the precision of the developed method. The
intra-day repeatability was investigated at different con-
centrations (2, 400, and 750 ng/mL) with 6 replicates
daily, and the obtained RSD values ranged from 2.78 to
3.92%. The inter-day repeatability was evaluated for 3

Table 1 Regression of equation, correlations of determination (rz), linear ranges, LOD, LOQ and EF of modified nucleotides

Analyte State Regression equation P Linear range (ng/mL) LOD (ng/mL) LOQ (ng/mL) EF

mlA Before extraction y=736.79x + 52.46 0.9999 100-10000 1.04 3.81 108
After extraction y=>5710x + 325 0.9998 1-1000 0.10 0.34

mll Before extraction y=134.94x + 49.89 0.9999 100-10000 1.45 4.76 134
After extraction y=15652x + 1647 0.9999 1-1000 0.11 0.35

CRE Without extraction y=22.93x + 87.78 0.9999 1-10,000 2.20 7.34
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consecutive days, and the RSD values ranged from 3.72
to 4.08%.

The recovery experiment was used to evaluate the reli-
ability of the experimental method. At high, medium, and
low levels, a series of appropriate amount of mixed stand-
ard solutions (m1A, m1I, and CRE) were added into nine
urine samples of the healthy control group. The mixture
was extracted under the optimum extraction conditions
and determined thrice in parallel by HPLC-DAD. In addi-
tion, creatinine recovery rate was directly determined by
the mixture solution according to the previous detection
conditions. Table 2 lists the recoveries of two modified
nucleosides and creatinine in human urine and their cor-
responding RSD% (n = 3).

Enrichment Factor

The extraction was carried out under the above optimal
conditions. EF is defined as the ratio of the analyte con-
centration elution solution (Cy) to its initial concentration
(Cp) without extraction step. EF was calculated according

to Eq. (1). Table 1 shows the concrete values of EF. The
EF values of m1A and m11 were 108 and 134, respectively.

CR
EF = — 1
C, (D

Application to Actual Urine Samples

In this assay, the aforesaid optimized MDSPME-HPLC
combined method was developed for the quantitative
analysis of ml1A and mlI in selected human urine sam-
ples. Figure 5a shows the HPLC chromatograms obtained
for the mixed standard working solution of m1A and m1I
with a concentration of 1 pg/mL before and after enrich-
ment. The figure shows that the retention times of m1A
and m1I were 7.494 and 18.286 min. Figure 5b shows the
HPLC chromatograms, including Al samples before and
after extraction. By comparing the chromatograms of the
sample with the standard chromatograms, the components
of m1A and m1I can be identified according to the reten-

tion time.

Table 2 Recoveries of modified

R . . Analyte Found (ug/mL) Added (ug/mL) Recovery (%) Mean recovery (%) RSD (%)
nucleotides in and their relative
standard deviations (n = 3) mlA 0.223 0.240 92.92% 97.27% 7.14%
0.228 0.240 95.00%
0.241 0.240 100.42%
0.203 0.200 101.50%
0.177 0.200 88.50%
0.208 0.200 104.00%
0.150 0.160 93.75%
0.175 0.160 109.38%
0.144 0.160 90.00%
mll 0.249 0.240 103.75% 94.15% 5.66%
0.221 0.240 92.08%
0.235 0.240 97.92%
0.173 0.200 86.50%
0.176 0.200 88.00%
0.192 0.200 96.00%
0.147 0.160 91.88%
0.156 0.160 97.50%
0.150 0.160 93.75%
Creatinine ~ 4.757 4.800 99.10% 99.41% 0.72%
4.778 4.800 99.54%
4.785 4.800 99.69%
3.990 4.000 99.75%
4.035 4.000 100.88%
3.950 4.000 98.75%
3.152 3.200 98.50%
3.163 3.200 98.84%
3.189 3.200 99.66%
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Considering the complex matrix in urine, the elution 180007 CRE A [
procedure used to detect the two modified nucleosides can- —B
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not separate creatinine from other impurities, and another
elution procedure was used to detect .creatlnlne. Figure 6 20000 o
shows the HPLC chromatograms obtained for the standard
working solution of creatinine of 5 pg/mL before and after 9000 - L 9000
extraction. As shown in Fig. 6, no change was observed
in the chromatographic peak area of creatinine before and 6000 - - 6000
after extraction. Fe;O,@GO had no adsorption effect on
creatinine. Hence, the concentration of creatinine could be s 3000
determined directly with the urine sample before extrac- 0' .
tion (Fig. 7). . . . . . . . .
In this experiment, 15 mL urine were obtained from g . . . s
Time (min)

volunteers in the disease (A) and healthy control groups
(B), and the samples were extracted and analyzed accord-
ing to the previous steps. Each urine sample was measured
in parallel thrice, and the average value was obtained as
the measurement result. Similarly, the average content of

Fig.6 The HPLC chromatograms obtained for the standard working
solution of creatinine before and after extraction. a contained 5 pg/
mL of the creatinine after extraction; b contained 5 ug/mL of the cre-
atinine before extraction
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Fig.7 The HPLC chromatogram obtained for actual samples before
extraction

Table 3 The levels of two modified nucleosides between the disease
group and the healthy group (n =8, x £+ 5)

Group m1A/CRE (nmol/umol) m1I/CRE (nmol/umol)
Disease group  0.81 + 0.08" 0.68 + 0.09"

Healthy group  0.36 + 0.07 0.37 + 0.05

P value 0.000 0.000

“The disease group compared with healthy control group P < 0.05

creatinine was considered as the measurement result after
three measurements in parallel with each urine sample
without extraction. The contents of m1A, m1I, and CRE in
the urine of 8 patients with breast cancer were 4.17-14.20,
3.26-13.41, and 5.42-16.82 pmol/mL, respectively, while
those in eight healthy women were 1.33—4.95, 1.84-4.11,
and 4.51-10.18 pmol/mL, respectively. Urinary modified
nucleoside emissions vary greatly at different times of the
day and are affected little by food. However, the ratio of
urinary modified nucleoside to creatinine (CRE) was con-
stant. Therefore, the ratio of modified nucleosides to cre-
atinine (nmol/pmol) was used to reflect the contents of

mlA and ml1I in the urine samples of normal people and
patients with breast cancer. The ratio of urinary modified
nucleoside to creatinine was obtained. The results are sum-
marized in Table 3. The SPSS statistical software package
(version 18.0) was used to compare the two results using ¢
test (P < 0.01, two-sided Student’s ¢ test) and analyze their
significant difference. By contrast, the contents of m1A/CRE
(P =0.00004) and m1I/CRE (P = 0.00006) in the urine sam-
ples of patients with breast cancer patients were significantly
higher than those of healthy female volunteers.

Comparison with Literature Methods

The presented method was compared with previous methods
for the determination of m1A, and the results are summa-
rized in Table 4. The LOD obtained by the present method
was lower than other reported methods (except for the
UHPLC-UniSpay-MS/MS method that requires expensive
instruments and professional personnel). With this method,
two modified nucleosides can be enriched 108—134 times in
a relatively short time (11 min), and the results are accurate
and reliable. Additionally, the adsorbent nanoparticles can
be reused at least 10 times, which can save time and cost for
analysis. Taken together, the developed MDSPME-HPLC
method is a fast, easy-to-operate, and cost-efficient method
for detecting m1A and m11.

Conclusion

This study developed a novel analytical method of
MDSPME combined with HPLC for the determination of
mlA and m1I in human urine. The Fe;0,@GO nanoparti-
cles is a MDSPME adsorbent characterized by large specific
surface area, strong magnetism, high adsorption capacity,
and good reusability. This magnetic extraction avoided the
time-consuming column passing or filtration step and sim-
plified sample preparation procedures, which can greatly
improve the extraction rate. The complete extraction could
be performed in 11 min, with high extraction recovery. The
developed MDSPME-HPLC method can be successfully

Table 4 Comparison between

Methods LOD (ng/mL) Linear range (ng/mL) Recovery (%) References

the present method and other

methods for determination of UHPLC-UniSpray-MS/MS 0.0005 0.0025-2.5 95.51-117.33  [27]

miA GC-MS 14 10-200 88.5-105.2 [28]
LC-MS/MS - 100-100000 88.7-113.2 [29]
LC-MS/MS 28.1 56.2-84,381 - [30]
SPE-HPLC-MS/MS - 25-20,000 - [31]
Fe;0,@GO-MDSPME-HPLC 0.1 1-1000 88.50-109.38  This method

UHPLC ultrahigh performance liquid chromatography, GC-MS gas chromatography-mass spectrometry,
LC-MS liquid chromatography-mass spectrometry, SPE solid-phase extraction
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applied in m1A and m1I analysis in human urine. This new
approach not only had high detection sensitivity and preci-
sion but also produced great recoveries in intricate sample
matrices. Compared with other methods for determining
mlA and m1I, the proposed method showed the advantages
of simplicity, efficiency, cost-efficient, and environmental
protection. This method can provide a new method for the
pretreatment and analysis of urinary modified nucleoside as
a tumor marker of breast cancer and provide a new idea for
the early non-invasive diagnosis and prognosis tracking of
breast cancer. In the future, functionalization modification
can be carried out on the magnetic adsorbed nanoparticles,
which can further enhance its adsorption capacity for analyz-
ing more complex biological samples.
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