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Multi-walled carbon nanotubes (MWCNTs) can be used in analytical chemistry for separation and 

purification and offer the opportunity to determine low concentration compounds in complex system. The 

novel multi-walled carbon nanotubes coated silica microspheres (MWCNTs/SiO2) were synthesized by 

covalent binding of amido bond. The characteristics results from emission scanning electron microscope 10 

(SEM), transmission electron microscope (TEM), fourier transformed infrared spectrometer (FTIR) and 

Brunauer-Emmett-Teller (BET) showed that MWCNTs/SiO2 was successfully prepared. By evaluating 

the static adsorption capacities of ten nucleobases and nucleosides, the adsorption of microspheres for 

adenine (A), guanine (G), uric acid (UA) and xanthosine (X) were significantly stronger than the others. 

Moreover, the adsorption capacity depends on the pH value, salinity and contact time. It was shown that 15 

π–π conjugation and hydrogen bonding interactions were the two main driving forces for the adsorption 

of target compounds. Adsorption kinetics and adsorption isotherm showed that the adsorption process 

was a chemical and multilayer adsorption. They could be determined within the test ranges with a good 

correlation coefficient (r > 0.997). The limits of detection (LOD) for A, G, UA and X were 1.22, 2.02, 

0.32 and 2.28 ng/mL, respectively. The intra- and inter-day relative standard deviations (RSD) were no 20 

more than 6.5%. This procedure therefore afforded a convenient, sensitive and accurate method with a 

high extraction efficiency for the determination of A, G, UA and X in human urine. 

Introduction 

The nucleobases, nucleosides and their metabolites play an 
important role in the process of cell proliferation and metabolism, 25 

which could be found in biological fluids, such as urine, serum 
and cerebrospinal fluid. They also have a lot of physiological 
activities including anticonvulsant activity, stimulating axon 
growth in vitro and in the adult central nervous system, 
influencing the growth and differentiation of the gastro intestinal 30 

tract, and maintaining the immune response.1 Concentrations of 
nucleosides in urine and serum are mostly very low with the 
exception of uridine and uric acid, and raised concentrations in 
plasma and urine can be used as biomarkers in some diseases, 
such as diabetes, gout and cancer.2-4 Thus, the separation and 35 

detection of nucleobases and nucleosides is an interesting and 
challenging task and is much more important in biomedical area. 
To quantify the nucleobases and nucleosides, biological fluids 
could be concentrated by vacuum drying under low temperature, 
freeze drying and/or drying under nitrogen. However, these 40 

methods will be a time consuming process and depend on the 
special instrument. During the last decade, many analytical 
methods for measuring and monitoring nucleosides in biological 
fluids have been reported, such as solid phase extraction (SPE) 
combined with high performance liquid chromatography (HPLC), 45 

ultra-sensitive LC–MS/MS and capillary electrophoresis (CE) 
methods.5-9 
Generally, the SPE method is used in detecting analytes on trace 
level and the performance often depends on the property of 
adsorbents. In order to increase the sensitivity and selectivity in 50 

nucleosides analysis, some new adsorbents have been synthesized 
and characterized to improve the detection sensitivity (i.e. water-
holding adsorbents bonded with a zwitter-ionic polymer10, online 
affinity solid phase extraction11, graphene12, molecularly/ion 
imprinted polymer13-15). Nowadays, nanomaterial show more 55 

impressive characteristics compared with non-nanomaterial, such 
as large specific surface areas, high tensile strength, high thermal 
conductivity and stability, etc. Thus, the sample separation and 
pre-concentration techniques based on nanomaterials play 
important roles in the increase of analytes concentration and the 60 

removal of interfering species. As solid adsorbents, carbon 
nanotubes (CNTs) in SPE for the determination of inorganic and 
organic compounds have considerably increased. The inorganic 
ions of Cd(II), Co(II), Ni(II) and Zn(II) in various samples (i.e. 
lichen, bovine liver, river sediment, pharmaceuticals, food and 65 

water) were determined using CNTs as SPE adsorbent.16-18 The 
obtained pre-concentration factor was 100, and satisfied results 
were achieved when the method was used for the determination 
of these ions in real water samples and a reference material. In 
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addition, CNTs have been successfully used as SPE adsorbents 
for the extraction of different families of pesticides19, 
pharmaceuticals20, phthalate esters, phenolic compounds and 
others21-23.  
In this paper, a new method based on SPE was developed for the 5 

analysis of nucleobases and nucleosides in urine. Multi-walled 
carbon nanotubes (MWCNTs) coated silica microspheres 
(MWCNTs/SiO2) by using covalent decoration of amino bond 
was synthesized, which could avoid the easily agglomeration of 
MWCNTs. MWCNTs can be deposited onto the surface of a 10 

chromatographic solid phase to generate a packing material24-27 
and the adsorption character was improved. The extraction 
protocol was successfully applied to directly and selectively 
extract adenine (A), guanine (G), uric acid (UA) and xanthosine 
(X) from human urine. Meanwhile，the adsorption mechanism 15 

had been interpreted by the adsorption kinetics and adsorption 
isotherm and which proved that this SPE protocol suited for the 
quick detection of nucleobases and nucleosides in human urine.  

Expetimental 

Chemicals and materials 20 

Silica microspheres (5 µm particle size, 70 Å pore diameter and 
360 m2g-1 specific surface areas) were synthesized using the 
polymerization induced colloid aggregation method by 501 
research group in our institute. Multi-walled carbon nanotubes 
(ID: 2-5 nm; OD: < 8 nm; Length: 0.5-2.0 µm; SSA: > 500 m2/g) 25 

were obtained from Chengdu Organic Chemicals Co., Ltd, 
Chinese Academy of Sciences. Analytical grade 3-
aminopropyltriethoxysilane was purchased from Sun Chemical 
Technology Co., Ltd.. A, G, UA, X and other nucleobases and 
nucleosides were purchased from Yacoo Chemical Reagents Co., 30 

Ltd.. Toluene, thionyl chloride, tetrahydrofuran, 
dichloromethane, ethanol, methanol, acetone, sulfuric acid, nitric 
acid and hydrochloric acid were of analytical grade and obtained 
from various commercial sources. Deionized water was purified 
with a water purified system, which was purchased from Res. J 35 

Scientific Instruments Co., Ltd. and used for all aqueous 
solutions. 

Analysis and characterization 

All HPLC analysis were performed on an Agilent HPLC series 
1200 system (Agilent Technologies, Palo Alto, CA), which 40 

consisted of G1312A bin pump and G1315B DAD detector. 
Thermostated column compartment (AT-950) was purchased 
from Auto Science Technology Co., Ltd (Tianjin, China). A 
Sino-Chrom ODS-AP analytical column (RP-C18 column 250 
mm × 4.6 mm i.d. 5 µm particle size) (Dalian Elite Analytical 45 

Instruments Co., Dalian, China) was used for separation. The 
flow rate was 1.0 mL/min and the column temperature was 30oC 
unless otherwise specified. The detection wavelength was 260 nm. 
Mobile phases were prepared by mixing 0.2% acetic acid water 
solution (A) and methanol (B). The gradient elute was performed 50 

as follows, 0-5 min, 5% (B); 5-10 min, 5-15% (B).  
The surface morphologies of bare SiO2 and MWCNTs/SiO2were 
conducted on a JSM-6701F field emission scanning electron 
microscope (SEM) (Hitachi, Japan) and TECNAI G2 transmission 
electron microscope (TEM) (FEI, USA). Fourier transformed 55 

infrared (FTIR) spectra of bare SiO2, 3-aminopropyl silica 

microspheres and MWCNTs/SiO2 were examined on a Nexus 
870 spectrometer (Nicolet, USA) in the range of 4000-400 cm-1. 
SHA-B incubator (Jintan Zhengji Instrument Co., Ltd., China) 
was used for adsorption experiments. The specific surface area, 60 

pore volume, and pore size distribution of the adsorbents were 
calculated via the nitrogen adsorption and desorption curves at 77 
K according to Brunauer-Emmett-Teller (BET) and Barret-
Joyner-Halenda (BJH) methods and using a Micromeritics 
ASAP2020 automatic surface area and porosity analyzer 65 

(Micromeritics Instrument Corp., Atlanta, GA, USA), 
respectively.  

Synthesis of MWCNTs/SiO2 

In order to activate the silanol group, 2.5 g of silica microspheres 
was dispersed in 100 mL of 20% HCl and stirred at 100oC for 4 h, 70 

then washed by deionized water to remove Cl-, and finally dried 
at 80oC. Then, 30 mL of 3-aminopropyltriethoxysilane was 
slowly dropped into the suspension of dry toluene which 
contained silica microspheres. The mixture was stirred at 100oC 
for 8 h under reflux. Finally, 3-aminopropyl silica microspheres 75 

(APGS) were obtained by filtering and subsequent washing for 
several times by dry toluene and acetone. MWCNTs (0.5 g) were 
immersed into 60 mL of HNO3:H2SO4 (1:3, v/v) solution for 6 h 
under stirring at 80oC, and thereafter vacuum-filtered through a 
0.22 µm millipore polytetrafluoroethylene membrane and washed 80 

with distilled water until the MWCNTs have become neutral. 
After drying under vacuum at 70oC, the product MWCNTs-
COOH was obtained. Then MWCNTs-COOH were suspended in 
20 mL of SOCl2 solution in an ultrasonic bath for 30 min and 
then stirred at 85oC for 6 h. MWCNTs-COCl was prepared by 85 

filtering and washing with CHCl3 for several times. Certain 
amount of MWCNTs-COCl (25 mg) in THF was sonicated for 30 
min before the addition of APGS (7.5 g). This mixture was stirred 
at 80oC for 6 h under reflux and then washed several times with 
THF followed by ethanol.24-27 90 

Preparation of sample solution 

The standard solutions of A, G, UA and X were diluted by water 
and the pH value was adjusted to 7 by 0.04 mol/L NaOH solution. 
The urine sample was collected and centrifuged at 10000 rpm for 
10 min. The supernatant was stored at 4°C and then filtered 95 

through a 0.22 µm millipore filter before analysis. With 
permission, all procedures involving sample collection and 
analysis were carried out according to the guidelines of the 
institutional ethical committee (Lanzhou Institute of Chemical 
Physics, CAS and Gansu College of Traditional Chinese 100 

Medicine). In this study, informed consent to participate was 
given by all subjects.  

Static adsorption experiments  

The static adsorption experiment was performed by three steps. (1) 
30 mg MWCNTs/SiO2 were added to the mixed standard solution 105 

and were shaken for 15 s. (2) The mixture was continually shaken 
in an incubator (100 rpm) at 30oC for 2 h. (3) The mixture was 
centrifuged at 10000 rpm for 10 min to isolate MWCNTs/SiO2 

adsorbents. Then the raw standard solution and adsorption 
residue were determined by HPLC.  110 

Dynamic adsorption experiments 
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Pipette tips were used as the SPE cartridges and were prepared by 
packing with 50 mg MWCNTs/SiO2. An upper and lower 
degreasing cotton were used to avoid the loss of adsorbents. Prior 
to extraction, the adsorbents were packed in the pipette tips and 
were sequentially washed with 1.0 mL of methanol and 1.0 mL of 5 

water. Then 1.0 mL of sample solution with 20% NaCl (m/v) was 
passed through the SPE pipette tips. Analytes were desorbed by 
200 µL of NaOH-methanol-water (pH 8) solution and dried under 
nitrogen. The residual was redissolved by 100 µL of water (pH 8). 
Finally, the raw standard solution, the adsorption residue and 10 

redissolved solution were determined by HPLC. 

Adsorption Isotherm 

The solutions (50 mL) with different concentrations of A, G, UA 
and X (C0 = 0.5, 1.0, 2.0, 4.0, 6.0, and 8.0 µg/mL) were contacted 
with pretreated MWCNTs/SiO2 (0.1 g) in conical flasks. The 15 

flasks were continually shaken for 4 h at temperatures of 298.15, 
308.15, and 318.15 K, respectively. Then, the concentrations of 
the adsorption solutions were analyzed by HPLC.  

Results and discussion 

Characterization of MWCNTs/SiO2 20 

The topography of bare SiO2 and MWCNTs/SiO2 surface were 
characterized by SEM and TEM (Figure 1). The surface 
topography of bare SiO2 microspheres was smooth and compact. 
After MWCNTs had been coated, the surface was rough and the 
tubular structure of MWCNTs could been observed clearly. 25 

Figure 2 shows the FTIR spectra of pristine SiO2, APGS and 
MWCNTs/SiO2. The bands in 1100 cm-1 and 3400 cm-1 region 
were respectively attributed to Si–O–Si and –OH stretching on 
silica surface. The bands in 1570 cm-1 and 1670 cm-1 region were 
assigned to C=O stretching of amide bond. For the amide bond, 30 

the strong stretching of –NH could also be observed in 1100 cm-

1.The bands around 3000 cm-1 region were attributed to –CH2– 
and C=C stretching. The spectra therefore certify that MWCNTs 
had been successfully grafted on the silica microsphere through 
the silane and amide bonds. 35 

 
Figure 1: SEM and TEM micrographs of adsorptions.SEM: bare silica 

microspheres (a) and MWCNTs/SiO2 (b); TEM: bare silica microspheres 
(a’) and MWCNTs/SiO2 (b’)  

 40 

 
Figure 2: FTIR spectra of pristine silica microspheres, APGS and 

MWCNTs/SiO2. 1: SiO2; 2: APGS; 3: MWCNTs/SiO2.  

Nitrogen adsorption/desorption measurements were performed 
and the adsorption/desorption isotherms of MWCNTs/SiO2 can 45 

be observed from Figure 3. The MWCNTs/SiO2 microspheres 
were mainly mesoporous according to the International Union of 
Pure and Applied Chemistry (IUPAC) nomenclature. As shown 
in Table 1, the surface area, total pore volume, and average pore 
diameter of pristine SiO2 and MWCNTs/SiO2 were obtained by 50 

the standard BJH adsorption cumulative method. After MWCNTs 
had been covalent decorated on the SiO2 surface, MWCNTs may 
partly penetrate into and block the pores of SiO2 microspheres. 
Therefore, the surface area, total pore volume, and average pore 
diameter were smaller than the pristine SiO2.  55 

 
Figure 3: Nitrogen adsorption/desorption isotherms of MWCNTs/SiO2 

microsphere. 

Table 1 Specific surface area, total pore volume, andaverage pore 
diameter of pristine SiO2 and MWCNTs/SiO2 microsphere. 60 

 
BET surface 
area (m2/g) 

pore volume 
(cm3/g) 

porediameter 
(nm) 

pristine SiO2 360 0.9 9.1 
MWCNTs/SiO2 160 0.3 7.5 

Adsorption mechanism 

Adsorption capacities were studied to further investigate the 
adsorption differences of the four compounds. From Figure 4, six 
concentration gradients were considered and the adsorption 
capacity of UA is strongest and X is weakest. Compared with the 65 

other three compounds, X contains a carbohydrate so that the 
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steric hindrance resulted in fewest adsorptions on MWCNTs. The 
π–π conjugation was considered as the main interactions between 
nucleobases and nucleosides and MWCNTs. Therefore 
adsorption intensity of X is weakest because of the shorter 
conjugated system. Each of UA, A and G compound contains 5 

four π bonds which form a complete conjugated system. 
However, UA is easier to form a flat structure without the 
interference of –NH2 group. Therefore, conjugated system of UA 
is easy to interact with π–π conjugation on MWCNTs. In 
addition, three carbonyls groups also make UA a multi-points 10 

compound to act with residual –COOH to form hydrogen bond on 
MWCNTs. Compared with A, G contains a carbonyls group, a –
NH2 group and two –NH– groups, which are all reaction points of 
π–π interaction and hydrogen bond. Therefore, at the same 
concentration, adsorption capacity of G is stronger than that of A. 15 

In addition, Akdim et al. showed that the trend of adsorption 
energies was G > A by density functional theory calculations.28  

 
Figure 4: The adsorption capacities of A, G, UA and X. 

The adsorption differences could be elucidated by the main 20 

chemical interaction of π–π conjugations and hydrogen bond 
actions. For the interaction between nucleic acid bases and CNTs, 
Wang indicated that in addition to noncovalent π-π interactions 
between the adenine base of dinucleoside and CNT, hydrogen 
bond interactions also develop between the sugar residue and the 25 

π orbital of CNTs.29 To further evaluate the adsorption capacity 
and to verify the applicability of adsorbents in SPE mode, the 
adsorption capacities of some other nucleobases and nucleosides 
were also investigated. As shown in Figure 5, under the same 
adsorption condition, uracil, xanthine, hypoxanthine, uridine, 30 

inosine and guanosine could not be adsorbed on the surface of 
MWCNTs.  

 
Figure 5: Adsorption characters of ten nucleobases and nucleosides. (The 

concentration are as follows, 1. uracil: 0.07 mg/ml; 2. xanthine: 0.27 35 

mg/ml; 3. hypoxanthine: 0.05 mg/ml; 4. uridine: 0.03 mg/ml; 5. inosine: 
0.07 mg/ml; 6. guanosine: 0.04 mg/ml; 7. guanine: 0.04 mg/ml; 

8.adenine: 0.06 mg/ml; 9.xanthosine: 0.17 mg/ml; 10. uric acid: 0.22 
mg/ml ). 

Adsorption Kinetics of A, G, UA and X   40 

Pseudo-first-order and pseudo-second-order kinetics models were 
calculated and applied to better illustrate the adsorption 
mechanism of A, G, UA and X onto MWCNTs/SiO2. The 
equations are presented as followes: 
Pseudo-first-order kinetics model: 45 

 
1

ln( ) ln
e t e

q q q k t− = −  (1) 

Pseudo-second-order kinetics model: 

 
2

2

1 1

t e e

t
t

q k q q
= +  (2) 

where qe and qt are the adsorption capacity for A, G, UA and X 
onto the MWCNTs/SiO2 at equilibrium and at any time t (mg/g), 50 

respectively. The parameters k1 (1/min) and, k2 (g/(mg min)) are 
the rate constants of the models for the adsorption process. 
Corresponding parameters and fitting equations were listed in 
Table 2. Compared with experimental results, the values of qe and  

Table 2 Kinetics parameters for the adsorption of A, G, UA and X onto MWCNTs/SiO2 55 

  
A G 

Linear equation k R2 Linear equation k R2 

M 1a ln(0.008-qt)= -0.013t+2.063 0.013 0.508 ln(0.028-qt)= -0.026t+3.326 0.026 0.976 

M 2 t/qt= 38.74t+482.6 3.109 0.989 t/qt= 19.10t+316.0 1.154 0.991 

 UA X 

  Linear equation k R2 Linear equation k R2 

M 1 ln(0.085-qt)= -0.027t+4.443 0.027 0.831 ln(0.023-qt)= -0.024t+3.125 0.024 0.734 

M 2 t/qt= 2.990t+17.22 0.519 0.999 t/qt= 31.44t+863.9 1.144 0.972 

a M1: Pseudo-first-order kinetics model; M2: Pseudo-second-order kinetics model 

R2 for the pseudo-second-order model were much more reasonable than that of the pseudo-first-order model. Therefore, 
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the adsorptions of A, G, UA and X onto the MWCNTs/SiO2 
fitted to the pseudo-second-order model, and was applied for the 
entire process. The principle of pseudo-second-order model 
kinetics assumed that the rate-limiting step might be the 
adsorption, in agreement with chemical adsorption being the rate-5 

controlling step, in which concentrations of both adsorbate and 
adsorbent were involved.30 So, the adsorption of A, G, UA and X 
onto the MWCNTs/SiO2 might be chemical adsorption. This 
might be agreement with the analysis in the previous section. 
Adsorption Isotherms of A, G, UA and X 10 

The equilibrium adsorption isotherms of A, G, UA and X from 
aqueous solution onto MWCNTs/SiO2 were obtained at 298.15 K, 
308.15 K and 318.15 K, respectively. Generally, the adsorption 
isotherm is the functional expression of the relationship between 
the adsorbate and the amount of solid adsorbent at a given 15 

temperature under equilibrium conditions. The most widely used 
isotherm models are Langmuir and Freundlich isotherms.  
The Langmuir isotherm model was originally developed to 
describe chemisorptions on a group of localized adsorption sites 
and have been used for many adsorption process of monolayer 20 

solid-liquid adsorption. The equation is represented as:  

 /   /   /e e L m e mC q K q C q= +  (3) 

where qe and qm are the equilibrium and maximum adsorption 
capacity (mg/g), respectively. Ce is the equilibrium concentration 
of A, G, UA and X solution (mg/mL). KL is the parameter related 25 

to the adsorption energy (mg/mL).  
The Freundlich isotherm equation is derived to model the 
multilayer and heterogeneous surface adsorption. The equation is 
expressed as: 

 lg (1/ ) lg lge e Fq n C K= +   (4) 30 

where KF reflects the adsorption capacity of an adsorbent 
((mg/g)(mL/mg)1/n). The parameter n represents the adsorption 
affinity of the adsorbent for an adsorbate. The parameters qe and 
Ce are the same as mentioned above. 31 
The parameters of corresponding isotherms are list in Table 3. 35 

Table 3 Parameters of Langmuir and Freundlich isotherm models 

 Temperature (K)  Langmuir isotherm model  R2 Freundlich isotherm model R2 

A 298.15 qe=0.340Ce/(1.114+Ce) 0.848 lnqe=0.659lnCe-2.050 0.855 

 308.15 qe=0.169Ce/(0.151+Ce) 0.844 lnqe=0.931lnCe-2.269 0.913 

 318.15 qe=0.110Ce/(0.444+Ce) 0.699 lnqe=1.519lnCe-2.211 0.981 

G 298.15 qe=-8.547Ce/(-32.350+Ce) 0.636 lnqe=1.062lnCe-1.307 0.989 

 308.15 qe=-4.255Ce/(-13.766+Ce) 0.850 lnqe=1.689lnCe-1.519 0.957 

 318.15 qe=-1.414Ce/(-8.785+Ce) 0.798 lnqe=0.769lnCe-0.956 0.810 

UA 298.15 qe=0.304Ce/(3.695+Ce) 0.958 lnqe=2.102lnCe-4.779 0.992 

 308.15 qe=0.525Ce/(2.029+Ce) 0.979 lnqe=0.809lnCe-1.796 0.903 

 318.15 qe=0.764Ce/(1.661+Ce) 0.939 lnqe=0.733lnCe-0.973 0.838 

X 298.15 qe=0.543Ce/(11.374+Ce) 0.945 lnqe=1.410lnCe-4.078 0.958 

 308.15 qe=0.295Ce/(5.573+Ce) 0.942 lnqe=1.238lnCe-3.533 0.903 

 318.15 qe=0.397Ce/(8.662+Ce) 0.944 lnqe=1.121lnCe-3.664 0.881 

Regression analysis showed that the Freundlich isotherm was a 
better model compared with Langmuir isotherm, which means the 
adsorption of A, G, UA and X was a multilayer adsorption. The 
value of 1/n was a measure of adsorption intensity. The value of 40 

1/n below 1 demonstrated favourable adsorption, and above 1 
was indicative of cooperative adsorption. Not all the values of 1/n 
were in the range of 0-1, which indicated that there are some 
competitive adsorptions among A, G, UA and X.  

Effect of contact time 45 

The process of dynamic equilibrium depends on partitioning of 
the target analytes between adsorption solvent and adsorbents. 
The mass transfer is therefore a time-dependent process. In order 
to determine highest point when arriving at extraction 
equilibrium, the extraction time was firstly investigated. As 50 

shown in Figure 6, the adsorption capacity which was expressed 
by peak area increased by increasing the extraction time from 0 to 
30 min.  The adsorption capacity slowly decreased from 30 to 60 
min, and then it reached equilibrium slowly after 60 min. 
According to the conjugate structure of four compounds, the 55 

acting force between compounds and MWCNTs/SiO2 may be 
mainly ascribed to the π-π conjugation, amido bond and hydrogen 
bond. If the acting point were occupied, excess analytes could not 

be adsorbed onto the surface of MWCNTs/SiO2. Therefore, as 
time goes on, no more compounds would be adsorbed after 30 60 

min and some may be desorbed into the solution.  

 
Figure 6: Effect of extraction time on the extraction efficiency. Sample 

solution, 2 mL of aqueous solution containing 2.5 µg/mL of A, 2.0 µg/mL 
of G,10.4 µg/mL of UA and 10 µg/mL of X. Extraction temperature was 65 

30 oC; stirring speed was 100 rpm without addition of salt. 

Effect of pH value of the sample solution 
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In SPE, mass transfer is promoted by the optimal pH conditions 
in sample solution. The pH value of the sample solution should 
suppress analytes ionization to keep the molecular form. Besides, 
all the four compounds could not easily dissolve in water without 
adding acid or base. Therefore, some water solution (pH 3 ~ 9) 5 

were prepared. It can be seen from Figure 7 that the adsorption 
capacity of A and G increased slowly when the solution pH 
changing from 3 to 6 and decreased when the solution pH 
changing from 7 to 9. UA and X reach a relative high adsorption 
capacities when pH value is 6. Thus the solution pH for SPE 10 

study was selected as 6~7, considering the solubility under the 
basic environment.  

 
Figure 7: Effect of sample pH on the extraction efficiency of A, G, UA 
and X extracted with MWCNTs/SiO2-SPE. Sample solution, 3 mL of 15 

aqueous solution containing 4.2 µg/mL of A, 3.3 µg/mL of G, 17.3 µg/mL 
of UA and 16.8 µg/mL of X. 

Effect of the desorption solvent 

Other critical factors which affect the extraction efficiency are the 
type and volume of elute used for removing analytes from 20 

adsorbents. For desorption of the four compounds, six kinds of 
solvents including methanol, acetonitrile, acetone, ethyl acetate, 
NaOH-methanol-water (pH 8) and HCl-methanol-water (pH 3) 
were evaluated. The compounds of A, G, UA and X could be 
desorbed only by acetone and NaOH-methanol-water (pH 8) 25 

solution. The desorption efficiencies (DE; DE = Celute /(Coriginal- 
Cdsorption)) of A, G, UA and X eluted by acetone were 5.6%, 
14.0%, 11.2% and 10.5%, respectively. Compared with acetone, 
the DE of which eluted by NaOH-Methanol-water (pH 8) was 
104.1%, 89.7%, 93.5% and 95%, respectively. Thus, desorption 30 

solution was chosen as NaOH-methanol-water (pH 8) solution. 
To improve the sensitivity, desorption volume was chosen as 200 
µL and some concentration procedures were performed to avoid 
the solvent effect of methanol for HPLC analysis.  

Effect of salinity  35 

As shown in Figure 8, the adsorption capacity of A, G and UA 
increased significantly when NaCl concentration in sample 
solution increased from 1% to 20%. However, the adsorption 
capacity of X decreased when the NaCl concentration is above 
10%. Generally, the addition of salt could lead to an increase of 40 

ionic strength in the sample solution which might reduce the 
solubility of the A, G, X and UA and could accelerate the π-π 
conjugation between molecule and MWCNTs. Therefore, some 

added salt would increase the acting force and result an 
increasing adsorption capacity. In this paper, the NaCl 45 

concentration was chosen as 20% to increase the adsorption 
capacity. 

 
Figure 8: Effect of salt addition to the adsorption efficiency.  

Method evaluation 50 

Under the optimized conditions, a series of experiments were 
performed to determine the linear regression, limit of detection, 
precision and EF of A, G, UA and X. The working curves were 
constructed by plotting the peak areas and the concentrations of 
analytes in a series of spiked sample solutions. The relative 55 

standard deviation was obtained by extraction of three replicates 
at the same time and this extraction was carried out under 
optimum conditions. A, G, UA and X were extracted with a 
satisfactory enrichment factor (EF) of 10, 3, 5 and 27, 
respectively. The linear regression equations, correlation 60 

coefficients, LOD, LOQ, EF and RSD are listed in Table 4. 

Table 4 The linear regression equations, correlation coefficients, LOD, 

LOQ, EF and RSD  

Analytes LREa 
Linear 
ranges 
(µg/ml) 

Correlation 
coefficients 

LOD 
(ng/mL) 

A y=79.23x+30.62 3.1-61.2 0.999 1.22 
G y=3.10x+86.55 25.2-504.0 0.997 2.02 

UA y=13.36x+7.98 0.9-458.0 0.999 0.32 
X y=25.58x+8.35 1.4-28.6 0.999 2.28 

 
LOQ 

(ng/mL) 
EF 

RSD  
(inter-
daily) 

RSD 
(intra-
daily) 

A 3.44 10 5.4 3.5 
G 6.10 3 4.4 2.7 

UA 0.98 5 3.2 2.8 
X 7.15 27 6.3 4.3 

 

a LRE: The abbreviation of linear regression equations.  

LOD: limit of detection (S/N=3) 65 

LOQ: limit of quantification (S/N=10) 

RSD: relative standard deviation  

EF: EF was the concentration ratio of analyte presented in the injection 

solution to that originally presented in the sample. 

 EF = Celute solution /Csample solution 70 

Stability of adsorbents 

During the extraction process, acid and base solutions were 
always used. Thus, it is necessary to investigate the stability of 
MWCNTs/SiO2 adsorbents under acid and base solutions. In this 
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experiment, the pH values of acid and base solution were 3 and 
10, respectively. MWCNTs/SiO2 adsorbents were added to the 
solution and immersed for 24 h, then were washed by water to 
remove excessive H+ and OH-. The standard solution was used to 
evaluate the performance of absorbents. As shown in Figure 9, 5 

compared with the columns of “after adsorption” and “acid/base 
treatment”, no significant changes were observed. Thus, 
MWCNTs/SiO2 absorbents were evaluated to be stable after acid 
or base treatment.  

 10 

Figure 9: Evaluation of the stability of MWCNTs/SiO2 adsorbents under 
acid and/or basic environment.  

Analysis of urine samples 

Urine sample was collected and determined following the 
procedure of “Dynamic adsorption experiments”. The 15 

chromatograms of original and elute sample solution were shown 
in Figure10. The concentrations of A, G and X in real urine 
sample were too low to detect, therefore standard solution of 
4.10, 11.97, 1.20 µg/mL were added. The recoveries of the four 
compounds in three added grade (80%, 100%, 120%) were 20 

evaluated. From Table 5, the recoveries of four compounds are 
between 98.06% and 101.67% and the RSD are from 1.76% to 

5.97%. The comparison of other methods for the determination of 
the target nucleoside and nuclebase is shown in Table 6.  

 25 

Figure 10: Chromatograms of pristine and elute solution of real urine 
sample.  

Table 5 Recovery of four compounds in urine determined under the 

optimized conditions 

Analytes 
original 
µg/ml 

spiked 
µg/ml 

found 
µg/ml 

Recovery 
% 

RSD 
% 

A  6.24 10.21   
 4.10 5.2 9.22 98.37±0.02 1.76 
  4.32 8.43   

G  12.05 23.95   
 11.97 10.04 22.92 101.67±0.05 5.10 
  8.03 19.76   

UA  35.28 61.57   
 26.31 29.4 55.33 100.39±0.02 2.10 
  23.52 50.54   

X  1.34 2.59   
 1.20 1.12 2.23 98.06±0.06 5.97 
  0.89 2.06   

 30 

Table 6 Comparison of other methods for the determination of the target nucleoside and nuclebase 

 

Application Analytes Adsorbents Detection method LOD(µg/ml) Ref. 

Tuber sample 
A 

macroporous resin-DSPEa HPLC-DAD 
0.4 

8 
G 0.3 

urine X Affinity-gel-SPEb CE-DADc 0.12 9 

urine G 
Boronate affinity magnesia–

zirconia composite-SPE 
HPLC-DAD 0.005 32 

urine 
A 

Affinity-gel-SPE CE-DAD 
3.51 (nM) 

33 
G 10.0 (nM) 

urine 
A 

Affinity-gel-SPE HPLC-MS 
0.08 

34 
X 0.12 

urine 
A 

Affinity-gel-SPE CE-MS 
0.0194(nmol/mL) 

35 
G 0.0995(nmol/mL) 

urine 

A 

MWCNTs/SiO2-SPE HPLC-DAD 

0.00122 

this work 
G 0.00202 

UA 0.00032 
X 0.00228 

a  DSPE: dispersive solid phase extraction; b SPE: solid phase extraction; c CE: capillary electrophoretic 

Conclusion 

Multi-walled carbon nanotubes coated silica microsphere has 
been synthesized by covalently bonding. SPE coupled with 35 

HPLC-DAD method for the simultaneous quantification of A, G, 
UA and X in human urine was developed. Method validation has 
been demonstrated by a series of experiments for linearity, 
sensitivity, precision, salt effect, recovery and stability. 
Moreover, by the evaluation of static, dynamic adsorption 40 
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experiments, adsorption kinetics and adsorption isotherms, the 
adsorption mechanisms between MWCNTs/SiO2 and nucleobases 
and nucleosides were clarified, which were mainly attributed to 
the chemical interaction of π–π conjugations and hydrogen bond 
actions. This method has been shown to be suitable for the 5 

analysis of A, G, UA and X because of its high sensitivity, 
accuracy and selectivity.  
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Figure 1: SEM and TEM micrographs of adsorptions.SEM: bare silica microspheres (a) and MWCNTs/SiO2 
(b); TEM: bare silica microspheres (a’) and MWCNTs/SiO2 (b’)  
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Figure 2: FTIR spectra of pristine silica microspheres, APGS and MWCNTs/SiO2. 1: SiO2; 2: APGS; 3: 
MWCNTs/SiO2.  
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Figure 3: Nitrogen adsorption/desorption isotherms of MWCNTs/SiO2 microsphere.  
56x39mm (300 x 300 DPI)  
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Figure 4: The adsorption capacities of A, G, UA and X.  
56x39mm (300 x 300 DPI)  
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Figure 5: Adsorption characters of ten nucleobases and nucleosides. (The concentration are as follows, 1. 
uracil: 0.07 mg/ml; 2. xanthine: 0.27 mg/ml; 3. hypoxanthine: 0.05 mg/ml; 4. uridine: 0.03 mg/ml; 5. 

inosine: 0.07 mg/ml; 6. guanosine: 0.04 mg/ml; 7. guanine: 0.04 mg/ml; 8.adenine: 0.06 mg/ml; 
9.xanthosine: 0.17 mg/ml; 10. uric acid: 0.22 mg/ml ).  
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Figure 6: Effect of extraction time on the extraction efficiency. Sample solution, 2 mL of aqueous solution 
containing 2.5 µg/mL of A, 2.0 µg/mL of G,10.4 µg/mL of UA and 10 µg/mL of X. Extraction temperature was 

30 oC; stirring speed was 100 rpm without addition of salt.  
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Figure 7: Effect of sample pH on the extraction efficiency of A, G, UA and X extracted with MWCNTs/SiO2-
SPE. Sample solution, 3 mL of aqueous solution containing 4.2 µg/mL of A, 3.3 µg/mL of G, 17.3 µg/mL of UA 

and 16.8 µg/mL of X.  
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Figure 8: Effect of salt addition to the adsorption efficiency.  
56x39mm (300 x 300 DPI)  
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Figure 9: Evaluation of the stability of MWCNTs/SiO2 adsorbents under acid and/or basic environment.  
56x39mm (300 x 300 DPI)  
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Figure 10: Chromatograms of pristine and elute solution of real urine sample.  
56x39mm (300 x 300 DPI)  
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Nucleobases and nucleosides in human urine could be detected by new efficient and selective adsorbent of 

MWCNTs/SiO2 in human urine.  

39x19mm (300 x 300 DPI)  

 

 

Page 19 of 19 New Journal of Chemistry

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t


