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ABSTRACT

This paper describes the assembling and optimisation of an electrochemical biosensor for the determination of biogenic amines in human saliva. 

The proposed biosensor is based on a screen-printed electrode (SPE), modified with Prussian Blue, which senses the hydrogen peroxide produced by the reaction catalysed by the enzyme diamine oxidase (DAO) immobilised onto the surface of the working electrode. The biosensor was connected with a portable instrumentation and drop measurements were carried out using a chroamperometry technique. After evaluation of the biosensor ability to interact with different amines, putrescine was chosen as reference amine. A detection limit of 1x10-5 M and a working range between 2x10-5 and 3x10-4 M were obtained. Once optimised the saliva treatment, a negligible matrix effect and an average recovery of 105% were obtained. 
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INTRODUCTION

Oral malodour is a common problem affecting most of the adult population (Tonzetich 1973, 1977); this bad breath problem is essentially due to the bacterial putrefaction that occurs in the oral cavity, starting from organic substances such as food residues, epithelial cells, traces of blood. The product of bacterial decomposition is represented from several volatile compounds such as propionic acid, acetaldehyde, acetone, hydrogen sulfide, methyl mercaptan, skatole and indole (Cooke et al. 2003; Goldeberg et al. 1994; Codipilly and Kleinberg 2008). Aliphatic polyamines, mainly putrescine, cadaverine, spermidine, spermine, although are primarily present in non-volatile state at the pH and environmental conditions of the oral cavity (Tonzetich 1967; Kleinberg et al. 1990), seem to be associated with halitosis phenomenon (Cooke et al 2003; Goldeberg et al. 1994; Venza et al. 2001). Moreover, it is conceivable that their levels in buccodental fluids could increase in several pathological proliferative processes (Perez 1990). 

The presence of biogenic amines in the oral cavity consists essentially of two processes. The first is the breakdown of proteins and peptides, the second is the degradation of the resulting amino acids (e.g. orntine, lysine, arginine) by bacterial decarboxilase enzymes.

Analytical determination of biogenic amines in human saliva is usually carried out by HPLC with fluorescence detection, using o-phthaldialdehyde as fluoregenic derivatizing agent (Cooke et al 2003; Venza et al 2001). However the availability of a rapid and convenient procedure for a POCT (Point Of Care Testing) analysis of these compounds in saliva is strongly required. The biosensor technology appears to be suitable for this purpose, because it requires  simple and  cost effective instrumentation with a minimum sample treatment. An electrochemical biosensor for detection of biogenic amines in salted anchovies was successfully developed by our research group (Draisci et al. 1998). It was based on the use of diamine oxidase (DAO) enzyme immobilised on a nylon-net membrane placed in intimate contact with a conventional hydrogen peroxide electrode. 

The aim of this work was the development of a DAO biosensor suitable for a POCT analysis of biogenic amines in human saliva. The proposed system is based on a screen-printed electrode (SPE) that senses the hydrogen peroxide produced by the reaction catalysed by the enzyme DAO immobilised onto the surface of the working electrode, modified with Prussian Blue (Ricci et al. 2003, Ricci and Palleschi 2005). This biosensor was coupled with a portable instrumentation (PalmSens) using chronoamperometry as electrochemical technique. After optimisation of the enzyme immobilisation, the biosensor response towards different biogenic amines was evaluated. Several investigations were devoted to optimise a simple and rapid treatment of saliva samples. Finally, matrix effect and recovery studies were performed.

EXPERIMENTAL

Reagents 
Diamine oxidase (670 U ml-1 and 10 mg protein ml-1) was obtained from cicer following the procedure reported in literature (Federico rif )

Putrescine, cadaverine, spermidine, spermine, histamine, phenylethylamine, glutaraldehyde 25% (v/v), bovine serum albumin (BSA) were from Sigma (Steinheim, Germany). Iron chloride hexahydrate, potassium ferricyanide, potassium chloride, hydrochloric acid and perchloric acid 70% were provided by Fluka BioChemika.

Apparatus

Amperometric measurements were performed using a PalmSens electrochemical detector equipped with PSLite software (Palm Instruments BV, The Netherlands).

Electrodes

Screen-printed electrodes (SPEs) were home produced with a DEK (Weymouth, UK) screen printing machine. Graphite-based ink (Elettrodag 421), silver ink (Electrodag 477 SS RFU) and insulating ink (Electrodag 6018 SS) were obtained from Acheson (Milan, Italy). The substrate was a polyester flexible film (Autostat HT5) from Autotype Italia (Milan, Italy). The printing procedure utilised is already described in previous papers (Cagnini et al 1995; Hernandez et al 2000). The electrodes were produced in foils of 20 strips and the diameter of the working electrode was 0.3 cm, which resulted in an apparent geometric area of 0.07 cm2.              

Procedures

Electrode pre-treatment

Prior to PB modification, SPEs were pre-treated in a 0.05 M phosphate buffer + 0.1 M KCl, pH 7.4 by applying a positive potential of 1.7 V for 3 min.

Preparation of PB modified screen-printed electrodes

According to the procedure of Ricci et al. 2003, PB modification of SPEs was accomplished by placing a drop (20 l total volume) of ‘precursor solution’ onto the working electrode. This solution is obtained by mixing 10 l of 0.1 M K3Fe(CN)6 in 10 mM HCl to 10 l of 0.1 M FeCl3x6H2O in 10 mM HCl. The drop solution was left on the electrode for 10 min and then rinsed with few milliliters of 10 mM HCl. The electrodes were then left 90 min in the oven at 100 °C to obtain a more stable and active layer of PB. Once deposited, the functionality of PB layer was tested by cyclic voltammetry in a range of potential between -0.2 and +0.5 V, with a scan rate of 50 mV s-1 in 0.05 M phosphate buffer + 0.1 M KCl pH 7.4 (Ricci et al. 2003).

The PB modified electrodes were then stored dry at room temperature in the dark.

DAO immobilisation procedure

For the immobilisation of the enzyme on the working electrode surface modified with PB, 4 l of enzymatic solution was mixed with 5 l BSA (10 mg ml-1 in 0.05 M phosphate buffer pH 7.0) and 1 l of 0.25% (v/v) glutaraldehyde (in 0.05 M phosphate buffer pH 7.0) in a porcelain well using a glassy stick. Then, 4 l of the mixture was pipetted on the working electrode and dried for 1 h. When not in use the biosensor was stored dried at 4 °C.

Saliva treatment

10 l of HClO4 (50%) was pipetted in 1 ml of ‘blank’ saliva (with no detectable amount of biogenic amines by DAO biosensor) collected from a subject in good general and oral health; the acidification was performed in order to block endogenous reactions. Before electrochemical detection, 3 ml of 0.5 M phosphate buffer + 0.1 M KCl, pH 7.7 (buffer A) were added to the acidified sample, obtaining a 0.375 M phosphate buffer pH 7.4 (optimal pH for DAO activity). 

Preparation of standard solutions 

In order to obtain the same pH and ionic strength of the saliva after treatment, standard solutions of different amines were prepared in a buffer obtained by mixing 3 ml of 0.5 M phosphate buffer + 0.1 M KCl, pH 7.4 with 1 ml of distilled water (buffer B).  

Biosensor method

The generic reaction, catalysed by DAO, is:

R-CH2-NH2 + O2   →   R-CHO + H2O2 + NH3
The H2O2 produced reacts with the reduced form of PB as follows:
H2O2 + PBrid ( 2 OH- + PBox
The current generated by the reduction of PB oxidised, at the electrode surface, was directly proportional to the amine concentration. 

Prior to the electrochemical measurements, the biosensor (stored at 4 °C) was washed for three times with a drop of buffer B and then connected to the PalmSens instrument.  After that, 100 l of buffer B was added to the SPE to cover the three-electrode system and chronoamperometry measurements were carried out for 30 s at an applied potential of -0.05 V. The measured current (baseline) was subtracted from that one generated by measuring amine standard solutions or saliva samples, under the same experimental conditions.

RESULTS AND DISCUSSION

Evaluation of the biosensor performance

After optimisation of the enzyme immobilisation onto the surface of the PB modified SPE, a calibration curve for putrescine was carried out. A detection limit of 1x10-5 M and a working range between 2x10-5 M and 3x10-4 M were obtained. The reproducibility of the biosensor assembling procedure was evaluated by testing a standard solution of putrescine (10-4 M) with four biosensors prepared the same day and in different days. As shown in table 1, the results (expressed as RSD%) showed a good reproducibility in the preparation of such devices. In both cases (intra-day and inter-day preparations) the average value is 7%.    

Although the biogenic amines which seem to be involved in the oral malodour are mainly putrescine and cadaverine, and at lower levels spermine and spermidine, we have evaluated the biosensor response towards different amines. The experimental results, normalised to 100 for putrescine are reported in table 2.   

Due to the broad substrate specificity of DAO biosensor, other experiments performed in this work were carried out using putrescine as a reference amine.

Study of biosensor stability

The activity of the DAO biosensor, stored dry at 4 °C, was evaluated and after five months of regular measurements, the activity of the enzyme remained nearly the same (90 %) and the biosensor performance was unchanged. 

Evaluation of the matrix effect

The effect of the saliva matrix on the biosensor response was evaluated by comparing a standard curve of putrescine (using standard solutions prepared in buffer B) with a calibration curve, obtained by adding to a ‘blank’ saliva sample (treated as reported in the experimental section) the same concentrations of putrescine. The results showed in figure 1 indicated a negligible matrix effect.

Recovery study

In order to assess precision and recovery of the developed biosensor, standard solutions of putrescine were added to aliquots of a blank saliva sample before treatment. Because the sample treatment procedure leads to a final dilution factor of 4, the blank saliva sample was fortified with amounts of putrescine four times higher than those reported for the biosensor working range. Satisfactory recovery and precision were achieved, as shown in table 3. 

It is important to stress that the minimum amount of putrescine added to the saliva (0.8 x 10-4 M = 13.4 g ml-1) and quantifiable with the biosensor, corresponds to the minimum concentration of biogenic amines found in saliva of healthy human volunteers upon waking (Cooke et al. 2003). Moreover, it is conceivable that their levels could increase in some pathologies of oral cavity tissues associated with an intense metabolic activity, such as gingival hypertrophy or tumours of maxillofacial area (Perez 1990).

CONCLUSIONS

A simple and rapid method for the analysis of biogenic amines in human saliva was developed. The performance of the biosensor, based on the used of a SPE modified with PB and with the DAO enzyme immobilised on the working electrode surface, was evaluated in terms of LOD, working range, response towards different amines, reproducibility of the assembling procedure and stability. 

Results obtained during the evaluation of saliva matrix effect, precision and recovery clearly showed that the developed electrochemical biosensor could be considered a valid POCT method for the determination of salivary polyamines, suitable for biomedical studies. 
Further experiments will be devoted to the analysis of saliva samples of human volunteers, with unknown amines content, using both biosensor and HPLC with fluorescence detector.
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Table 1. Evaluation of the reproducibility of the biosensor assembling procedure by testing a standard solution of putrescine with four biosensors prepared both in the same day (intra-day) and in different days (inter-day).
	Putrescine 

(mol litre-1 x 10-4 )
	      RSD (%)

             Intra-day                          Inter-day                       

            preparation                         preparation  



	0.2
	13
	8

	0.5
	11
	13

	1
	5
	8

	2
	6
	3

	3
	3
	3


Table 2. Percentage response of the DAO biosensor to the amines tested

	Biogenic Amines
	Response (%)



	Putrescine
	100

	Cadaverine
	90

	Spermine 
	70

	Spermidine
	72

	Histamine
	92

	Phenylethylamine
	85


Table 3. Precision (RSD%) and recovery study of the DAO biosensor performed by adding standard solutions of putrescine to a ‘blank’ saliva sample before treatment. 

	Putrescine added

(mol litre-1 x 10-4 )


	Putrescine found

(mol litre-1 x 10-4 )


	RSD 

(%)
	Recovery* 

(%)



	0.8
	1.0
	20
	125

	2
	2.2
	9
	110

	4
	3.9
	10
	98

	8
	7.7
	8
	96

	12
	11.3
	9
	94


*Each value is the mean of three determinations 

Legend of figures
Fig. 1.  Effect of the saliva matrix on the DAO biosensor response. Standard solutions of putrescine prepared in buffer B (●) and in a ‘blank’ saliva (○). Each point is the mean of three measurements.
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