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Abstract- Poly (alanine) modified carbon paste electrode (CPE) was fabricated for the
determination of 5-amino salicylic acid (5-ASA) by cyclic voltammetric technique. The poly
(alanine) modified CPE exhibited a high sensitivity towards the oxidation of 5-ASA. The effect
of scan rate was found to be surface-controlled diffusion process and the concentration study
was conducted between the range of 20-180 µM. The limit of detection (3 S/M) and limit of
quantification (10 S/M) were calculated and found to be 0.23 µM and 0.76 µM respectively.
Because of high sensitivity in the electro-oxidation, the fabricated poly (alanine) modified CPE
can be used as a promising electrochemical sensor for the determination of 5-ASA in both
commercial as well as in pharmaceutical samples.
Keywords- Electropolymerisation, 5-amino salicylic acid, Poly (alanine), Cyclic voltammetry,
Carbon paste electrode
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1. INTRODUCTION
An Inflammation is a vital part of the body's immune response. It is the body's attempt to
heal itself after an injury; defend itself against foreign invaders, such as viruses and bacteria;
and repair damaged tissue. It is often characterized by heat, redness, swelling, pain and loss of
function. The anti-inflammatory refers to the property of a substance or treatment that reduces
inflammation or swelling. Ulcerative colitis is a chronic inflammatory disease of large intestine
(colon and rectum), characterised by alternate phases of activity and remission [1], Crohn’s
disease like ulcerative colitis that affects the lining of the digestive tract found at the end of the
small intestine part (the ileum) and can develop anywhere of gastro intestinal tract (GIT) from
the mouth to anus which cause abdominal pain, fatigue, weight loss and malnutrition. It can
also affect eyes, skin, and joints and sometimes lead to life –threatening complications.
Currently, therapeutic agents and protocols are necessary to treat long lasting remission that
prevents relapses. Although corticosteroids, immune-modulators and amino salicylates are
employed depends on the activity and distribution of disease [2].
5-amino salicylic acid, (5-ASA, masalazine or mesalamine) is one of the non-steroidal antiinflammatory drug (NSAID), structurally related both to phenacitin and acetyl salicylic acid,
recognised as a derivative of amino salicylate [3]. However, salicylate drugs reduced the
swelling in inflamed joints but had a lesser effect in reducing inflammation elsewhere in the
body [4]. 5-ASA is the active portion of sulphasalazine, released after the metabolism process.
This drug get the place after sulfasalazine (SA), used in the treatment of Crohn’s disease (CD)
and Ulcerative colitis (UC), which may provide protection against the development of
colorectal cancer in patients suffering from inflammatory bowel diseases (IBD) [5,6]. Being
bowel specific, it is metabolised in the gut and has its action there, thereby having fewer
systematic side effects and also act as an antioxidant (scavenger of reactive oxygen) that traps
free radicals, which are potentially damaging by products of metabolism and protect the cell
injury [7,8]. Apart from this, 5-ASA inhibits antibody synthesis, lypo-oxygenase,
cyclooxygenase (COX) enzyme which synthesizes prostaglandins which is responsible for
inflammation. In whole, 5-ASA prevents the prostaglandins from ever being synthesized,
reducing or eliminating the pain [9,10]. Moreover, due to the presence of primary aromatic
amino group (-NH3+, pKa =6), carboxylic acid group (-COOH, pKa =3) and phenolic group (OH, pKa =13.9) in the molecule, 5-ASA shows amphoteric property and readily absorbed by
upper gastro intestinal tract, metabolises as N-Ac-5-ASA by N-actyltransferace, when
administered orally And also available in various formulations [7,11-14]. Due to the existence
in tracer levels in biological matrix and potentially interfering endogenous substances (present
along in higher concentration than drug), amphoteric nature (together with high polarity)
complicates its separation and detection [11,15].
In the literature, the behaviour of 5-ASA and their concentration in pharmacaueticals
[16,17] and in biological fluids based on chromatographic techniques has been reported [18-
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21]. Even though, spectrophotometric method [22], fluorescence [19,23-24], HPLC [15,25],
automated chemi-luminescence [26], HPLC in combination with ionisation mass spectroscopy
(HPLC-ESI-MS) [27], colorimetry [28] were also reported quantitatively, but these are all more
time consuming processes and laborious. Apart from these, some electrochemical methods
have also been reported the concentration of 5-ASA [8,13,29-32].
Therefore, a new analytical sensor is needed to study the bioactive molecules in the
pharmaceuticals within the limited time period. In the present scenario carbon paste electrode
(CPE) was very much attracted towards the determination of biologically electroactive
molecules because of the easy fabrication with convenient modification, renewability in
surface, low background current and fast response [33]. The polymer modified electrodes
(PMEs) have received great attention in recent years, as the polymer film which is deposited
onto the surface of the electrode by electropolymerisation has good stability, reproducibility,
more active reaction sites, homogeneity and strong adherence to the electrode surface [34].
The present work describes an electropolymerisation of DL-alanine on the surface of
carbon paste electrode by cyclic voltammetric technique. In the continuation of our study, we
proposed convenient method for the selective and sensitive detection of 5-amino salicylic acid
(5-ASA) in physiological pH, which has a significant attraction in pharmaceutical fields for
their determination.

2. EXPERIMENTAL PART
2.1. Apparatus and Reagents
Cyclic voltammetry (CV) was performed in an analytical system model CHI-660 c (CH
Instruments, Electrochemical workstation) potentiostat. A conventional three electrode
electrochemical cell contained a saturated calomel electrode (SCE) as a reference, platinum
wire as counter electrode and the working electrode was either bare carbon paste electrode
(BCPE) or poly(alanine) modified carbon paste electrode (MCPE). The pH values were
measured and calibrated using a digital pH meter MK VI (Systronics).
5-amino salicylic acid or mesalazine (M.W=153.135 g/mol) and DL-alanine samples were
purchased from Himedia. A stock solution of masalazine (25×10-4 M) was prepared in
perchloric acid and DL-alanine (25×10-3 M) was prepared in double demineralized water.
Graphite powder (50 m average size) was purchased from Merck and silicon oil (as binding
agent) was purchased from Himedia. All chemicals were of analytical grade. The phosphate
buffer solution (PBS) was prepared by mixing standard stock solutions of 0.2 M NaH2PO4·
H2O and 0.2 M Na2HPO4. Freshly prepared reagents and analyte solutions were used for
analysis. All the aqueous solutions were prepared using double distilled water. The
corresponding oxidation potential of the analyte was recorded against SCE at an ambient
temperature of 25±0.2 °C.
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2.2. Preparation of working electrode
The bare carbon paste electrode was prepared according our previous report [33].
Electropolymerisation of DL-alanine on the surface of carbon paste electrode was carried out
by placing 1.0 mM of DL-alanine solution along with 0.2 M PBS of pH 7.4 in an
electrochemical cell. The potential sweeping was maintained between -0.6 to +1.4 V at 0.1 Vs1
for 10 multiple cycles. After the completion of the electropolymerisation process, the surface
of the electrode is rinsed with double distilled water prior to commencement of each
measurement.

3. RESULTS AND DISCUSSIONS
3.1. Optimization of experimental conditions
For the fabrication of the poly (alanine) modified CPE by electropolymerisation method
cyclic voltammetric technique was adopted. From the Figure 1, it is noticed that, the anodic
peak currents enhance gradually in the repetitive cyclic voltammograms. After the few
successive sweeps, the increase of this peak current tended to become constant and stable;
which reflects the saturation level in the electropolymerisation process [34,35]. The extent of
thickness of the polymer film has a significant contribution on the performance of the modified
electrode. It is well known that, as the thickness of the modifier layer increases, the electron
transfers rate decreases due to insufficient exposure of reactive sites on the working electrode.
The thickness can be controlled by varying the cyclic voltammetry parameters. Therefore, 10
repetitive cycles were fixed as an optimum for the fabrication of poly (alanine) modified CPE.
The probable electropolymerisation mechanism of DL-alanine was described in scheme 1.

Fig. 1. Cyclic voltammograms for the electrochemical polymerization of 1.0 mM
DL- alanine in 0.2 M PBS (pH7.4) at BCPE with the scan rate 50 mVs-1
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Scheme 1. Probable electropolymerisation mechanism of DL-alanine on the surface of carbon
paste electrode.

3.2. Electrochemical characterization of poly (alanine) modified CPE
In order to study the performance of the poly (alanine) MCPE. potassium ferrocyanide was
selected as an electrochemical probe. Figure 2, showed electrochemical response of 1.0 mM
[K4Fe(CN)6] at bare CPE (dashed line) and poly(alanine) modified CPE (solid line) in 1 M KCl
at the scan rate 0.1 Vs-1. A broad voltammogram with low redox current response was obtained
at bare CPE, but in the same identical condition poly (alanine) modified CPE exhibited static
enhancement in the peak currents with improved electron transfer kinetics. This confirms the
surface property of the modified electrode was significantly changed and the observation
proves an electrocatalytic capability of the poly (alanine) modified CPE towards the potassium
ferrocyanide. The total active surface area available for reaction of species in solution can be
estimated by the Randles–Sevcik equation (1) [36,37].
Ip=2.69x105 n3/2 A Do1/2C01/2

(1)

Where, Ip is the peak current in A. Co is the concentration of the electroactive species (mol
cm ), n is the number of electrons exchanged, D0 is the diffusion co-efficient in cm2 s-1,  is
the scan rate (Vs-1) and A is the electroactive surface area (cm2). For poly (alanine) modified
CPE the electroactive surface area is maximum (0.0325 cm2) as compared with bare CPE
-3

(0.0251cm2).
An approximate surface coverage of the poly (alanine) layer adhered on the surface of
carbon paste electrode (CPE) was calculated by equation (2) [38-40].
Ip = n2F2AΓ /4RT

(2)

Where Γ (M/cm2) represents the surface coverage concentration which is proportional to
the peak current (Ip), is the scan rate, A is the geometric surface area of the electrode, n is the
number of electrons involved in the reaction and R,F,T have their usual significance. The
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surface coverage of poly (alanine) adhered on the surface of CPE was calculated to be 0.16×1010

M/cm2.

Fig. 2. Cyclic voltammograms for electrochemical response of 1 mM potassium ferrocyanide
at BCPE (dashed line) and poly (alanine) MCPE (solid line) in 1 M KCl solution at the scan
rate 50 mVs-1

Fig. 3. Cyclic voltammograms obtained for the oxidation of 10.0 µM 5-ASA at poly (alanine)
MCPE (solid line) and BCPE (dashed line) in 0.2 M PBS (pH7.4) scan rate 50 mVs-1

3.3. Electrochemical study of 5-ASA at the poly (alanine) MCPE
Figure 3 showed the cyclic voltammograms obtained for the oxidation of 10.0 µM 5-ASA
in 0.2 M PBS of pH 7.4 at poly (alanine) modified CPE (solid line) and bare CPE (dashed line)
recorded at the scan rate of 50 mVs-1. At the bare CPE, 5-ASA oxidation peak was located at
0.219 V (versus SCE). On the other hand, at poly (alanine) modified CPE a significant
enhancement in the current signals was observed and oxidation peak was observed at 0.184 V.
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Therefore, the result suggests poly (alanine) modified CPE catalyses the oxidation process of
5-ASA. The probable oxidation mechanism of 5-ASA involves the conversion of –C–OH
(alcoholic) group into -C=O (carbonyl), -NH2(ammine) into –NH (imine)was found to be loss
of two equivalents of protons and electrons from benzenoid form (I) to 1,4 diene quinonoid
form (II), as depicted in scheme 2.

Scheme 2. Probable oxidation mechanism of 5-ASA

3.4. Scan rate study
The variation of scan rate can give useful information on the electrode process. The effect
of applied scan rate for the oxidation of 10.0 µM 5-ASA in 0.2 M PBS of pH 7.4 was
investigated with different scan rates in the range from 0.02-0.14 Vs-1 at poly (alanine) modified
CPE. The modified electrode showed increase in the redox peak currents with increasing scan
rate as showed in Figure 4A. The plot of anodic peak current (Ipa) versus scan rate (υ) (inset
Figure 4B) showed good linearity with linear correlation coefficient of r2=0.9973 and the plot
of Ipa versus square root of scan rate (υ1/2) (inset Figure 4C) showed correlation coefficient of
r2=0.9982. Therefore, the results indicated that the electrochemical reaction of 5-ASA at poly
(alanine) modified CPE was surface-controlled diffusion process [41,42].
The heterogeneous rate constant (k0) values was determined from the experimental peak
potential difference (∆Ep) data’s, equation (3) was used for such voltammograms whose ∆Ep
values are greater than 10 mV [35].
∆Ep = 201.39 log (/k0) - 301.78

(3)

From the experimental ∆Ep values as shown in the Table1 and equation (3); the values of
the k0 for the oxidation of mesalazine was determined for poly (alanine) modified CPE the
corresponding parameters are tabulated in Table 1.
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Fig. 4. Cyclic voltammograms of 10.0 µM 5-ASA on the poly (alanine) MCPE at different
scan rates 0.02-0.14Vs-1 in 0.2 M PBS (pH7.4)

Fig. 5. The plot of anodic peak current versus 

Fig. 6. The plot of anodic peak current versus 

Anal. Bioanal. Electrochem., Vol. 10, No. 10, 2018, 1273-1287

1281

Table 1. Comparison of limit of detection with different modified electrodes and poly (alanine)
modified CPE
υ (Vs-1)

∆Ep (V)

k0 (s-1)

0.02

0.076

0.0888

0.04

0.081

0.2518

0.06

0.074

0.4623

0.10

0.077

0.9947

0.12

0.082

1.3067

0.14

0.084

1.6468

3.5. Concentration study
The effect of varying concentration of 5-ASA was studied at poly (alanine) modified CPE
in 0.2 M PBS pH 7.4 at the scan rate of 50 mVs-1. From the Figure 5A, it is clear that the Ipa of
5-ASA shift towards slight positive side on increasing its concentration in the range 20–180
µM. The plot of Ipa versus concentration of 5-ASA showed almost straight line with linear
regression equation of Ipa (10-5A)=0.6049(C0, 10-5 M/L)+0.3775, (r2=0.9896) as illustrated in
Figure 5B.

Fig. 7. Cyclic voltammograms of different concentration of 5-ASA at poly (alanine) MCPE in
0.2 M PBS (pH 7.4) in the linear range of 20–180 µM at scan rates 50 mVs-1
The limit of detection (LOD) and the limit of quantification (LOQ) were calculated by
using the equations (4) and (5) [43]. The values of LOD and LOQ were 0.23 µM and 0.768
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µM respectively. Where, S is the standard deviation of six blank measurements and M is the
slope of calibration plot.
LOD=3S/M
LOQ=10S/M

(4)
(5)

The detection limits reported for different classical methods and electrodes are tabulated in
Table 2. This method was good compared to other reported methods [8,13,29-30,32].

Fig. 8. The plot of anodic peak current versus concentration of 5-ASA
Table 2. Variation of the voltammetric parameters gathered from the plots shown in Figure 4
as a function of the scan rate
Modified Electrodes

Linear dynamic
range Range (M)

Detection
Limit (M)

Method

Ref.

Pencil graphite electrode

9.8×10-7-7.3×10-5

2.1×10-8

SWV

[8]

CNT/PPY doped by 1,5napthalenedisulphonic acid

1.0×10-8-1.0×10-6

3.0×10-9

Ad LSV

[13]

Glossy carbon electrode

1.0×10-6-5.7×10-5

3.0×10-7

Sona
LSV

[29]

Glossy carbon electrode

2.0×10-6-1.0×10-4

8.2×10-7

DPV

[30]

Poly(Glutammic acid) MGCE

50.0×10-6-0.5×10-3

23.94×10-9

CV

[32]

Poly(alanine) Modified CPE

20×10-6-0.18×10-3

2.3×10-8

CV

This
Work
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3.6. The pH study
The effect of pH on the determination of 5-ASA was studied at poly (alanine) modified
CPE by using cyclic voltammetric technique. Generally, the oxidation depends on pH of the
supporting electrolyte and the redox peak potential shift towards less positive values with
increasing pH in the range 5.5 to 8.0 as showed in Figure 6A. The graph of Epa versus pH
indicates the linear dependence (inset Figure 6B) with the equation, Epa(V)=0.44530.03329(pH), (r2=0.9800) and the slope was calculated to be -33.29 mV/pH. The slope value
for the linear segment can be theoretically calculated by using the relation -2.303 mRT/nF,
where m and n are the number of protons and electrons involved in the redox reaction
respectively [44,45-47]. The results so obtained may be due to the involvement of an equal
number of protons and electrons are involved in the redox process. Due to the existence of
zwitter ion configuration, at low pH values the protonated amino group (-NH3+) not so easily
give up the proton and causes the oxidation process too difficult. Therefore, in order to achieve
the good results and lower potential, the higher pH is optimised for the electrochemical study
of 5-ASA [8].

Fig. 9. Cyclic voltammograms obtained for oxidation of 50.0 µM 5-ASA at poly (alanine)
MCPE in 0.2 M PBS of different pH values (a-f: 5.5, 6.0, 6.5, 7.0, 7.5 and 8.0) at scan rate 50
mVs-1
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Fig. 10. The plot of anodic peak potential versus pH

3.7. Real sample analysis
In order to evaluate the applicability of poly (alanine) MCPE, 5-ASA was determined in
the commercially available Mesacol tablet (contains mesalamine or 5-ASA 400 mg in one
tablet).
Table 3. Results of 5-ASA in the commercial mesacol tablets
Sl. No
1
2
3

Added (µM)

Found (µM)

Recovery (%)

RSD (%)

20
40
60

19.1
39.4
57.9

95.7
98.6
96.5

0.96
1.02
0.92

Table 4. Influence of potential interferents on the cyclic voltammetric response of
determination of 5-ASA at poly(alanine) MCPE
Interferents
Ammonium chloride
Calcium chloride
Calcium sulphate
Magnesium chloride
Potassium oxalate
Sodium chloride
Potassium chloride
Sodium hydroxide
Copper sulphate
Starch
Sucrose

Concentration (M)
20
20
20
20
20
20
20
20
20
20
20

Signal change (%)
2.12
2.02
1.85
1.64
1.34
1.10
1.51
1.60
1.24
1.46
1.28
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This tablet is accurately weighed and finely grained and dissolved in 0.1 M perchloric acid.
The mixture is sonicated for about 15 min and then it was filtered in order to remove the
undesired components. The clear filtrate quantitatively transferred into 50 ml standard flask
and finally diluted by using diluted perchloric acid. An acceptable recovery in commercial
sample was obtained as showed in Table 3. And also the effect of potential interfereing ions
were investigated and results obtained were satisfactory which shows that the proposed method
could be efficiently applied for the determination of 5-ASA in pharmaceutical preparations
[48-50].

4. CONCLUSION
The present study demonstrates an electropolymerisation of alanine on the surface of bare
CPE and its application to the electrochemical determination of 5-amino salicylic acid. The
result showed that the poly (alanine) modified CPE exhibited strong electrocatalytic activity
towards the oxidation of 5-ASA with the detection limit of 2.3×10-8 M in a liner dynamic range
of 20 to 180 M. Because of its electrocatalytic capability, sensitivity and reproducibility the
poly (alanine) modified CPE was very useful in the development of sensors for the
determination of bioactive drug molecules in the pharmaceutical preparations and also in the
field of electro-analytical chemistry.
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