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Abstract 14 

Traumatic brain injury (TBI) has been associated with an acute stress response 15 

mediated by the sympathoadrenomedullary axis, which can be assessed by measuring 16 

glucose level. Thus, aiming for a more convenient assay system of glucose, a novel 17 

electrochemical measurement for sensitive detection of glucose in cerebrospinal fluid 18 

(CSF) was developed in this work in virtue of electrodeposition of platinum nanoclusters 19 

on the stable composite films of carbon nanotubes (CNTs) and core-shell 20 
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organosilica@chitosan nanospheres (OrgSi@CS) modified glassy carbon electrode. The 21 

morphologies and the structures of the OrgSi@CS-CNTs composite material and 22 

platinum nanoclusters were characterized by atomic force microscopy (AFM), 23 

transmission electron microscopy (TEM) and X-ray photoelectron spectroscopy (XPS). 24 

Cyclic voltammetries (CVs) were used to feature the direct electrochemistry behavior 25 

between the electroactive center of glucose oxidase (GOD) and electrode. The linear 26 

response range was determined from 1.2×10
−6

 to 1.6×10
−3

 M with a detection limit of 27 

4.0×10
−7

 M, and the Michaelies-Menten constant ( app

MK ) value was estimated to be 0.41 28 

mM, indicating a high-catalytic activity of glucose. In vitro experiments were performed 29 

with clinical samples of CSF obtained from TBI patients and compared with the glucose 30 

oxidase endpoint method, which showed an accepted measurement with enhanced rapid 31 

and convenient, indicating the feasibility of the sensors for a real-time continuous 32 

monitoring in vivo. 33 

Keywords：Carbon nanotubes; Platinum nanoclusters; Core-shell organosilica@chitosan 34 

nanospheres; Traumatic brain injury; Cerebrospinal fluid. 35 

 36 

1. Introduction 37 

Traumatic brain injury (TBI) is a major cause of death and disability among a 38 

predominantly young population [1]. The metabolic characteristics of severe TBI are 39 

glucose demand increase, brain glucose metabolism disturbed and energy failure [2,3]. 40 

Episodes of hyperglycemia as well as hypoglycemia are considered to be secondary 41 

insults in patients with TBI [4]. Generally, hyperglycemia, defined as blood glucose 42 

levels ranging from 10 to 16.6 mmol/L, aggravates underlying brain damage and 43 
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influences both morbidity and mortality in head-injured patients [5, 6] by inducing tissue 44 

acidosis [7], oxidative stress, and cellular immunosuppression [8] as well as following 45 

multitrauma [9]. On the other hand, hypoglycemia impairs energy supply causing 46 

metabolic perturbation [10] and inducing cortical spreading depolarizations [11]. Thus, 47 

monitoring of glucose levels in cerebrospinal fluid (CSF) should be of great value and 48 

help to avoid episodes of hypo- or hyperglycemia. Currently, in many neurointensive care 49 

units, microdialysis and glucose oxidase endpoint method (GLU-GOD-PAP) have been 50 

widely used to monitor glucose metabolism after acute brain injury [12]. The 51 

microdialysis technique can not reflect the real metabolism level of blood glucose in the 52 

whole intracranial environment, only monitor the local cerebral damage, and little is 53 

known about the correlation of brain glucose values obtained by microdialysis. The 54 

GLU-GOD-PAP method usually was used to support from the kits, which need the high 55 

cost. Thus, the accurate and convenient analysis of the CSF glucose in brain injury 56 

patients has been challenged. Recently, the analytical techniques of some small biological 57 

molecules, such as glucose, etc, have been widely reported and well used in the 58 

research field of life sciences and clinical medicine [13-15]. Thereinto, 59 

electrochemistrical biosensor, has received tremendous attention to detect glucose due to 60 

its high sensitivity and selectivity [16-18]. In this study, we assessed the glucose level in 61 

CSF by virtue of electrochemistrical biosensor method. As far as we know, similar works 62 

were seldom reported. 63 

In the manufacturing process of a biosensor, carbon nanotubes (CNTs) with their 64 

exceptional structures and electronic properties, such as ballistic transport over length 65 

scales of several hundred nanometers, are very promising for potential applications in 66 
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chemical sensors and biosensors [19]. Recently, composite materials based on integration 67 

of CNTs and some other materials have received increasing interest because of their 68 

properties of the individual components with a synergistic effect on the performance of 69 

biosensors. Materials for such purposes include conducting polymers, redox mediators 70 

and metal nanoparticles [20-22], and so on.  71 

Recently, inorganic-organic core-shell nanospheres have attracted a great deal of 72 

attention because they display superior physicochemical properties to their single 73 

component counterparts as well as additional novel properties [23-25]. So such kind of 74 

nanomaterials have been shown to be promising for various energy applications in 75 

cosmetics, paints, optics and electronics [26,27]. In this study, we have employed a facile 76 

and bottom-up method to synthesize organosilica@chitosan (OrgSi@CS) nanospheres 77 

basing on synergic grafting polymerization, sol–gel reaction and amphiphilic 78 

self-assembly technologies. The resulted OrgSi@CS consisted of organosilica as core and 79 

chitosan containing rich -NH2 groups as shell [28]. Moreover, the OrgSi@CS, with large 80 

surface area and high-surface free energy, displayed a highly positive ζ-potential value 81 

+68 mV, excellent film-forming ability and a favorable microenvironment for 82 

immobilizing negatively charged enzymes [29].  83 

As we known, the direct electron transfer (DET) between biomolecules is of 84 

fundamental importance in life science and design of bioelectronics devices, biosensors 85 

systems [30-32]. However, the redox-active center of enzyme is deeply embedded within 86 

an insulative protein shell, which results in the extremely difficult of DET between the 87 

electrode and the enzyme [33]. So using nanoparticles to enzyme-based system has 88 

recently been proposed to overcome this problem by employing nanoparticles to provide 89 
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an efficient electron relay pathway [34,35]. In most of the reported literatures, large-size 90 

nanoparticles have been used to immobilize protein as an extension of the electrode 91 

surface, which made proteins with poor orientation or inappropriate alignment of the 92 

redox center and resulted in inefficient DET to electrode surfaces. With this consideration, 93 

suitable size nanoparticles for integration into the protein must be employed. 94 

Nanoclusters, with small particle size (1-10 nm) and narrow size distribution, were 95 

distinct from traditional colloids as a new type of nanomaterial. Accordingly, a recent 96 

book reviews metal nanoclusters states, that is “Metal nanoparticles are certain to be the 97 

building blocks of the next generation of electronic, optoelectronic, and chemical sensing 98 

devices” [36,37]. In present work, we prepared poly(N-vinyl-2-pyrrolidone) (PVP) 99 

protected Pt nanoclusters (called “Pt NCs” for short) with a high metal/PVP ratio aiming 100 

to prevent the small metal nanoclusters from aggregating in water or in ethanol. The Pt 101 

NCs (about 2.5 nm) are much smaller than the enzyme molecule (about 7 nm), and can 102 

act as good electrical conductors between the electrode and GOD.  103 

Considering the advantage of the CNTs, OrgSi@CS and Pt NCs, we have integrated 104 

them in a biosensor fabrication to exploit their synergistic augmentation on the 105 

improvement of sensor characteristics. The DET of between GOD and glassy carbon 106 

electrode (GCE) was realized in the proposed biosensor and displayed high 107 

electroactivity and electorcatalytic response to glucose. The electrochemical 108 

performances of the developed electrodes were studied in details and used to assess the 109 

glucose level in CSF. 110 

2. Experimental 111 

2.1. Chemicals 112 
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CNTs (>95% purity) were obtained from Chengdu Organic Chemicals Co. Ltd. of the 113 

Chinese Academy of Science and purified by fluxing in concentrated nitric acid for 7 h 114 

prior to use. Glucose oxidase (GOD), chitosan (CS, from crab shells, Mw: 115 

100,000–300,000, deacetylating grade: 70-85%), 3-(trimethoxysilyl) propyl methacrylate 116 

(TMSPM), tert-butyl hydroperoxide (TBHP, 70% solution in water), 117 

Poly(N-vinyl-2-pyrrolidone) (PVP, average molecule weight 50000) and glucose were all 118 

purchased from Sigma, and used as received. Hydrogen hexachloroplatinate (IV) 119 

hexahydrate (H2PtCl6·6H2O, 99%), acetic acid and hydrogen peroxide (30% solution) 120 

were gained from Chemical Reagent Co., Chongqing, China. Phosphate buffered saline 121 

(PBS) solutions with different pH values were prepared with stock standard solutions of 122 

0.1 M KH2PO4 and 0.1 M Na2HPO4. The supporting electrolyte was 0.1 M KCl. GOD 123 

stock solutions (2 mg/mL) were prepared with 0.1 M pH 6.0 PBS. The PVP-protected Pt 124 

NCs (called “Pt NCs” for short) with mean size of 2.5 nm were prepared for using the 125 

“unprotected” Pt nanoclusters as building blocks according to the literature [38]. 126 

Cerebrospinal fluid that was drained from TBI patients in the course of their treatment 127 

was obtained from the Fourth People’s Hospital of Chongqing, China.  128 

2.2. Apparatus and measurements 129 

Amperometric experiments and cyclic voltammetric experiments were performed on 130 

a CHI 660A electrochemical work station (Shanghai CH Instruments Co., China) with a 131 

conventional three electrode systems consisted of a modified glassy carbon electrode 132 

(GCE) as working electrode, a platinum wire as auxiliary electrode, and a saturated 133 

calomel electrode (SCE) as reference electrode. All potentials were measured and 134 

reported versus the SCE. All the electrochemical experiments were carried out at room 135 
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temperature. Transmission electron microscopy (TEM) was carried out on a TECNAI 10 136 

(PHILIPS FEI Co., Holland). The atomic force microscopy (AFM) images were obtained 137 

as a scanning probe microscope (SPA 400, Japan). 138 

2.3. Preparation of the modified electrode 139 

An OrgSi@CS-CNTs composite (1.0 mg/mL) was achieved according to reference 140 

[28] as follows: (i) 100 mL 0.5 wt% chitosan solution containing 0.6 wt% acetic acid was 141 

purged with nitrogen for 30 min under stirring in a flask, after that, about 2 mL TMSPM 142 

monomer was added at 80 
o
C. Then 1 mL 20 mM TBHP aqueous solution was added 143 

immediately, and the mixture was stirred for 4 h under nitrogen. Finally, stable latex was 144 

obtained, which was carefully centrifugation, decantation and resuspending in 0.6 wt% 145 

acetic acid solutions. (ii) 3 mg of the acid-treated CNTs were dispersed into 3 mL of 146 

OrgSi@CS-CNTs nanospheres suspension by stirring constantly. 147 

A GCE (4 mm diameter) was carefully polished using 0.3 and 0.05 µm alumina slurry, 148 

respectively, then ultrasonically cleaned in ethanol and water successively and was 149 

allowed to dry at room temperature. Subsequently, 8 µL of OrgSi@CS-CNTs suspension 150 

was cast onto a pretreated GCE surface. After solvent water was evaporated, an 151 

OrgSi@CS-CNTs/GCE was obtained. And then Pt NCs were electrodeposited on the 152 

OrgSi@CS-CNTs films by the potential step deposition method for accumulation of Pt 153 

NCs for 3 min at -0.25 V. Finally, the resulting electrode was immersed in a 2 mg/mL 154 

GOD solution for 10 h to attach enzyme molecules to the electrode surface, which was 155 

denoted here as GOD/Pt NCs/OrgSi@CS-CNTs/GCE. The resulting biosensor was stored 156 

in a refrigerator (4 °C) for further use. The preparation process of the biosensor was 157 

shown in Scheme 1. 158 
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Scheme 1 159 

3. Results and discussion 160 

3.1 Characterization of Pt NCs  161 

The preparation of a homogeneous solution of Pt NCs was a key step in this work 162 

process. To confirm the structure of Pt NCs, typical TEM was performed in Fig. 1.  163 

Fig. 1 164 

The result has revealed that the Pt NCs were highly dispersed spherical particles with 165 

a mean diameter of 2.5 nm and no aggregation occurs during store process for several 166 

months at 4 °C. 167 

3.2 AFM and XPS analysis 168 

In order to investigate the surface topographies of different films, AFM analysis was 169 

performed at OrgSi@CS, OrgSi@CS-CNTs, and GOD/Pt NCs/OrgSi@CS-CNTs 170 

composite films in Fig. 2.  171 

Fig. 2 172 

As shown in Fig. 2A, the AFM micrograph of OrgSi@CS film presents clearly globous 173 

structures and the size was distributed in 40-80 nm with mean sizes around 60 nm, which 174 

covering the entire surface of the substrate. When CNTs were dispersed into OrgSi@CS 175 

nanospheres suspension, the AFM image of the resulting composites (Fig. 2B) displayed 176 

overlaying abundantly CNTs with OrgSi@CS. In the case of GOD/Pt 177 

NCs/OrgSi@CS-CNTs film (Fig. 2C), the surface morphology became blurry, which 178 

might be ascribed to GOD molecules filling the interstitial place. The XPS measurement 179 

will further confirm the existence of Pt NCs since XPS could examine the chemical 180 

composition and the valence states of elements. Fig. 2D illustrated that the XPS spectra 181 
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of OrgSi@CS-CNTs (a) and Pt NCs/OrgSi@CS-CNTs (b) composites. As shown in Fig. 182 

2D (a), there were the characteristic of intense O1s signal, C1s signal, N1s signal, Si2p 183 

signals, which should attribute to the respective atoms in OrgSi@CS-CNTs. When Pt 184 

NCs were loaded onto the OrgSi@CS-CNTs composites, as expected, the Pt 4f region 185 

exhibited doublets from the spin-orbit splitting of 70.9 eV for 4f7/2 and 74.7 eV 4f5/2 186 

states (see the inset of Fig. 2D (b)). The peak of Pt 4f7/2 can be used to affirm the 187 

presence of metallic platinum Pt(0), and the Pt 4f5/2 peak was attributed to the presence of 188 

oxidation states of Pt, which indicated that Pt NCs were attached to the electrode surface. 189 

3.3 Electrochemical characteristics of the modified electrode 190 

Fig. 3 showed the cyclic voltammograms (CVs) of the modified electrode in each 191 

assembly step in 0.1 M PBS (pH 6.0). 192 

Fig. 3 193 

There was no obvious redox peaks were observed after the formation of Pt 194 

NCs/OrgSi@CS-CNTs (curve a in Fig. 3) composite membranes on bare GCE in the 195 

potential range of -0.7 to -0.15 V. When GOD was immobilized into the 196 

OrgSi@CS-CNTs film matrix, a pair of well-defined redox peaks was appeared (curve b 197 

in Fig. 3), the redox peaks were located at -0.39 and -0.44 V, respectively. The separation 198 

of peak potentials (∆Ep) is ca. 50 mV and the ratio of cathodic and anodic peak currents 199 

were about unity. The formal potential ( 0'Ε ) calculated was estimated as ca. -0.42 V, 200 

which is close to the reported literatures [39]. It can be concluded that the redox waves 201 

should be ascribed only to GOD, and all of these electrochemical parameters indicate that 202 

the reaction of GOD undergoing at the modified electrode is a quasi-reversible redox 203 

process. After Pt NCs were immobilized on the electrode surface, a peak current increase 204 
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as shown in Fig. 3c, which might be attributed to the small–size Pt NCs could well 205 

enhanced the conductibility, more effective promote the electron transfer between redox 206 

sites of enzyme and sensing surface and more favorable orientation environment of GOD 207 

molecules. 208 

Fig. 4 shows the CVs of the GOD/Pt NCs/OrgSi@CS-CNTs/GCE electrode at 209 

different scan rates.  210 

Fig. 4 211 

It was found that the anodic peak potential of the enzyme electrode shifted to a more 212 

positive value with increasing scan rate, while the cathodic peak potential shifting to a 213 

negative direction. Simultaneously, the peak current increases with increasing scan rate. 214 

As shown in Fig. 4a, in the scan rates from 50 to 500 mV/s, the redox peak currents rise 215 

linearly with the scan rate, insinuating that the electrochemical behavior of GOD has the 216 

typical property of a surface electrochemical process. Meanwhile, the linear relationships 217 

between the peak potential (Ep) and the logarithm of the scan rate (log v) for both the 218 

cathodic and anodic peaks were also plotted. The Epa and Epc were proportional to log v 219 

(inset b of Fig. 4). By using the model of Laviron [40], the charge transfer coefficient (α) 220 

of 0.5 was calculated by the slope of Fig. 4b, and the apparent heterogeneous electron 221 

transfer rate constant (ks) was further calculated through the following equation and the 222 

result was obtained as ca. 4.861 s
-1

. 223 

RT3.2

EnF
)1()

nFv

RT
log(log)1()1log(k log

p

s

∆
αααααα −−−−+−=  224 

The catalytic activity of the biosensor toward glucose was investigated by cyclic 225 

voltammetry. Fig. 5 illustrates the CVs recorded for the biosensor in PBS (pH 6.0) 226 

containing varied concentration of glucose.  227 
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Fig. 5 228 

With the addition of glucose, reduction peak current decreased significantly while 229 

oxidation peak current increased, indicating that a catalytic reaction occurred on this 230 

biosensor. It can be explained that glucose is the substrate of GOD, whose presence will 231 

result in an enzyme-catalyzed reaction and decrease the concentration of the oxidized 232 

form of GOD, which can be summarized as following two processes: 233 

GOD(ox) +glucose → GOD(red) + gluconolactone + 2H
+
      (1) 234 

GOD(red) +2H
+
 +O2→ GOD(ox) + H2O2                   (2) 235 

Based on the decrease of the reduction current, the concentration of glucose can be 236 

detected. 237 

3.4. Dependence of DET of GOD on solution pH  238 

The effect of solution pH on the response of immobilized GOD is shown in Fig. 6. 239 

Fig. 6 240 

With pH value increasing, both catholic and anodic peak potentials shifted to 241 

negative direction. In the inset of Fig. 6, 0'Ε  has a linear relationship with pH from 4.0 242 

to 8.0 with a slope of -49.6 mV/pH, which is similar to the theoretical value of -58.5 243 

mV/pH [39] for a reversible. That was attributed to the FAD undergo a redox reaction as 244 

follows: 245 

GOD-FAD + 2e
- 
+2H

+
↔ GOD-FADH2 246 

It proves that it is a two-electron coupled with two-proton reaction, peak potentials 247 

should be pH-dependent. As shown in Fig. 5, the maximum current response is present at 248 

pH 6.0. The decrease of GOD response at high pH maybe ascribe the decrease of proton 249 

concentration, while at low pH likely attributing to the loss of bioactivity of GOD. 250 
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3.5. Response of the biosensor to glucose 251 

Fig. 7 shows a typical current–time curve of the biosensor under the optimized 252 

experimental conditions after the addition of successive the glucose concentration to the 253 

PBS under stirring.  254 

Fig. 7 255 

With the addition of the concentration of substrate, the biosensor responded rapidly. 256 

The inset of Fig. 6 demonstrates the calibration curve of the biosensor for glucose 257 

determination. The response current increases linearly with the glucose concentration in 258 

the range of 1.2×10
−6

 to 1.6×10
−3

 M with a correlation coefficient of 0.998 (n = 20), and 259 

the detection limit of 4.0×10
-7

 M is estimated at signal-to-noise ration of three. When the 260 

concentration of glucose is higher than 1.6×10
−3

 M, a response plateau appears, showing 261 

that the characteristics of the Michaelis-Menten kinetic mechanism. The apparent 262 

Michaelis-Menten constant ( app

MK ) is calculated to be 0.41 mM according to the 263 

Lineweaver-Burk equation [41].  264 

3.6. Precision of measurements and stability of biosensor 265 

The intra-assay precision of the biosensors was evaluated by assaying one enzyme 266 

electrode for six replicate determinations under the same conditions. Similarly, the 267 

inter-assay precision was estimated at eight different electrodes. The relative standard 268 

deviation (R.S.D.) of intra-assay and inter-assay were calculated to be 3.1% and 4.6%, 269 

indicating acceptable precision and reproducibility.  270 

Stability is an important requirement for fabrication of glucose sensors. Usually, the 271 

stability of biosensors contains operational stability and storage stability. The storage 272 

stability of the enzyme electrode was investigated over 1 month. It was found that the 273 
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current response retained 84.1% of its original response over 30 days later, showing a 274 

longer lifetime. The operational stability of the biosensors was examined depending on 275 

continuous cyclic voltammetric scanning. When 100 continuous cyclic scans were 276 

performed in the potential range from -0.7 to -0.15 V with a 50 mV/s scan rate, just 3.3% 277 

decrease of the initial response was detected, showing well operational stability. The 278 

good stability may be due to the fact that the OrgSi@CS-CNTs matrix was stable for 279 

adsorbing biomolecules. On the other hand, the Pt NCs could decrease the 280 

electron-transfer impedance and provide an appropriate microenvironment for retaining 281 

the bioactivity of the enzyme molecules. 282 

3.7. Interference determination 283 

To test the anti-interferent ability of the proposal strategy for glucose detection, the 284 

possible influences of some other biocompounds such as ascorbic acid, uric acid, 285 

acetaminophen and L-cys were examined by measurement of 0.2 mM glucose in PBS 286 

containing a specified concentration of the interfering compounds (0.01 mM ascorbic 287 

acid, 0.05 mM uric acid, 0.01 mM acetaminophen and 0.5 mM L-cys) under the same 288 

experimental conditions. As shown in Table 1, all of the tested compounds have no 289 

significant effect on the current intensity compared with the absence of glucose, which 290 

shows that the above four tested substances did not interfere significantly for glucose 291 

detection. 292 

3.8 Analysis of human cerebrospinal fluid samples in intro 293 

Five human cerebrospinal fluid samples were analyzed to evaluate performance of the 294 

proposed glucose biosensor in clinical analysis. The accuracy of glucose determination 295 

was examined by comparing the results with those from the clinical analysis method 296 
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(GLU-GOD-PAP method). The results are listed in Table 2. The samples were diluted by 297 

ten times and the relative deviation of these results is between -6.45% and 8.69%. The 298 

results were satisfactory and agree closely with the both analytical methods, which 299 

indicated a new tool for the analysis of glucose metabolism in the CSF. Since the use of 300 

biosensor technique is simply and sensitive, it is possible to use the methodology in 301 

patient studies of glucose metabolism after brain injuries. 302 

4. Conclusions 303 

In this paper, we described the construction of a new, effective electrochemical 304 

biosensing platform of glucose by modifying a GCE with Pt NCs and OrgSi@CS-CNTs 305 

composite films to detect the glucose of cerebrospinal fluid samples. The method is 306 

advantageous in terms of its simplicity, sensitively and rapidly in operation and 307 

instrumentation compared with the existing methods for the detection of glucose in 308 

cerebrospinal fluid. However, this method was only studied for in vitro detection and 309 

the equipment had not achieved the miniaturization and integration. This work is a new 310 

attempt to detect brain glucose in vitro by the method of biosensor. Furthermore, the next 311 

step will be to conduct a trial of the smart microsensors in vivo using an animal model to 312 

further broaded biosensor’s application.  313 
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Figure caption  

Scheme 1. Illustration of the preparation process of modified electrode. 

Fig. 1. TEM image of Pt NCs. 

Fig. 2. AFM images of OrgSi@CS membrane (A), OrgSi@CS-CNTs composite 

membrane (B), and GOD/Pt NCs/OrgSi@CS-CNTs (C), and the XPS spectra of 

OrgSi@CS-CNTs (a) and Pt NCs/OrgSi@CS-CNTs (b) composite films (D). Inset: Pt 

4f XPS spectra of Pt NCs/OrgSi@CS-CNTs. 

Fig. 3. CVs of the OrgSi@CS-CNTs/GCE (a), GOD/OrgSi@CS-CNTs/GCE (b), 

GOD/Pt NCs/OrgSi@CS-CNTs/GCE (c) in 0.1 M pH 6.0 PBS at scan rate of 50 

mV/s. 

Fig. 4. CVs of GOD/Pt NCs/OrgSi@CS-CNTs/GCE electrode in 0.1 M PBS (pH 6.0) 

at different scan rates (from inner to outer): 50, 100, 200, 300, 400 and 500 mV/s. 

Inset (a): the plots of peak currents vs scan rate; Inset (b): the plots of anodic and 

cathodic peak potential vs. logarithm of scan rate. 

Fig. 5. CVs of the GOD/Pt NCs/OrgSi@CS-CNTs/GCE in the PBS containing 0, 0.6, 

and 1.2 mM of glucose (curve a and c, from bottom to top).  

Fig. 6. CVs of GOD/Pt NCs/OrgSi@CS-CNTs/GCE electrode in 0.1 M PBS (pH 6.0) 

at various pH values (from right to left): (a) 4.0, (b) 5.0, (c) 6.0, (d) 7.0 and (e) 8.0 at a 

scan rate of 50 mV/s. The inset: the plot of formal potential vs pHs. 

Fig. 7. Amperometric response of the biosensor to glucose in a pH 6.0 PBS upon 

successive additions of glucose. Inset shows linear calibration curves. 
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     Fig. 3. 
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Fig. 5. 
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Table 1. Possible interference tested with the obtained biosensor. 

 

Potential interfering substance                      Current ratio
a
 (%) 

Ascorbic acid                                 97.6±2.3 

uric acid                                  102.3±0.5 

Acetaminophen                               103.8±1.4 

L-cys                                    98.1±2.1 

a
 Mean±SD of three measurements. 
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Table 2. Experimental results comparison of two methods obtained in human 

cerebrospinal fluid samples. 

 

 

 

 

 

  

 

 

 

 

 

 

Sample number Clinical detection (mM) 
From the fabricated glucose 

biosensor (mM) 

Relative 

deviation (%) 

1 

2 

3 

4 

5 

0.35 

0.5 

0.64 

0.31 

0.46 

0.33±0.02 

0.52±0.03 

0.61±0.05 

0.29±0.01 

0.5±0.02 

-5.71 

4.0 

-4.69 

-6.45 

8.69 
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