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Summary: Silver nanoclusters were synthesized and passivated by glutathione (GSH) ligand, with 

high aqueous stabipowerful red fluorescence and UV-Vis light yellow colour. A novel colorimetric 

and fluorimetric assays have been presented for the detection of sodium valproate using glutathione 
capped silver nanoclusters, (GSH-Ag NCs) as a colorimetric and fluorimetric sensor. The size of the 

AgNCs-GSH was found to be ~ 10 nm on DLS. The fluorimetric detection of GSH-AgNCs with 

sodium valproate exhibited excitation bands 600 nm and 360nm respectively and sodium valproate 
emission indicated showed 3 emission bands within near visible region emission observed at (472, 

700 and 760nm) and their relative intensities were2.863, 0.310 and 27.483 respectively. The detection 

of sodium valproate was accomplished by observing color change of GSH-AgNCs solution from light 

yellow to brown due to aggregation induced by sodium valproate. GSH-Ag NCs absorbed maximally 

at 370 nm and after the addition of the drug sodium valproate, the band shifted to 600 nm. The 

aggregation of GSH-Ag NCs was characterized by UV–Vis spectrometry and fluorimtery, scanning 
electron microscopy (SEM), energy dispersive X-ray (EDX), Fourier transform infrared spectroscopy 

(FT-IR), dynamic light scattering (DLS), and zeta potential. Under optimized Conditions, linear 

calibration curve was obtained within concentration range of 1–8 μg/ml with detection limits of 0.4 
μg/ml and limit of quantitation 1.23 μg/ml, respectively. The Fluorescence calibration range was 1-5 

µg/ml with limit of detection (LOD) 0.06 μg/ml and limit of quantitation (LOQ) 0.202 µg/ml 

respectively, showing proposed method to be sensitive. Furthermore, the developed colorimetric assay 
was found to be simple, sensitive, reproducible and a number of pharmaceutical additives did not 

affect the determination u a Colorimetric and fluorimetric platform, Sodium valproate was analysed 

in pharmaceutical formulation, and biological fluids including spiked human urine and blood serum 
samples with % recoveries of 99.2%and 99.3%. 
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Introduction 

 

Valproic acid (VPA) is an anticonvulsant 

with broad spectrum of efficiency, but it differs 

structurally from anti-epileptic medicines.  

 

 
 

Fig. 1: Structural diagram of Valproic acid 

 

Valproic acid (VPA) is a substance that has 

been used as an antiepileptic and for stabilizing the 

mood. The medicine is used for bipolar disorder, 

epilepsy and less commonly migraine headaches and 

schizophrenia [1–4]. VPA is considered as a good 

substitute to phenytoin for the treatment of adult onset 

epilepsy [5–8]. Side effects are including anorexia, 

vomiting, and sleep alterations, and are commonly 

reported in clinical records [9–14]. Sodium valproate 

is the sodium salt of valproic acid (VPA) with several 

trade names, including Depalept (sodium valproate) in 

the form of an enteric coated tablet for the prolonged 

release [15, 16]. Sodium valproate is rapidly absorbed 

after oral administration, reaching peak blood levels 

within 1 to 4 hours. Chemical structure of valproic acid 

lacks a chromophore, and hence, it has low absorption, 

which makes it more difficult to detect to low 

concentrations. Valproic acid has only weak UV 

absorbance in the low wavelength range [17, 18]. The 

determination of valproate acid is reported by gas 

chromatography (GC) [19], GC-mass spectrometry 

(GC-MS) [20, 21], high performance liquid 

chromatography-ultraviolet (HPLC-UV) [22], liquid 

chromatography-MS/MS (LC-MS/MS) [23, 24], 

potentiometric biosensor [25], capillary 

electrophoresis [26] and TLC-densitometric [27] 

methods. These analytical procedures are highly 

sensitive, but require expensive equipment with high 

maintenance cost. The simple procedure involving 

visual identification and quantitation by simple 

equipments like spectrophotometer or fluorimeter 

could be of value. Sorouraddin et al [28] reported 

fluorimetric procedure for the estimation of valproic 

acid using thiogycolic acid (TGA)-capped CdTe 

quantum dots. 
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Nanoclusters (NCs) have attracted the 

attention as fluorimetric materials for bio imaging 

[29], catalyst [30] and chemical sensors [31]. These 

are prepared using different strategies [32, 33]. The 

applications of silver nanoclusters (AgNCs) are less 

expensive and indicate adequate sensitivity as sensors 

[34, 35]. However, AgNCs have somewhat less 

solution stability in aqueous phase as compared to 

gold nanoclusters [32]. AgNCs have been used for the 

determination of a number of analytes including metal 

ions [7, 35, 37], virus [38], hydrogen peroxide [39], pH 

[40] and tetracycline [41]. 

 

Glutathione (GSH) is naturally occurring 

tripeptide and is frequently used for the synthesis of 

gold and silver nanoclusters [42]. GSH not only assists 

in the preparation, but also stabilise the formed 

nanoclusters [43, 44]. Sun et al [45] synthesised 

AgNCs by using GSH with σ-lipoid acid and sodium 

borohydride to form passivated GSH-AgNCs with 

yellow colour and fluorescence. Slightly modified 

procedure of Sun et al [45] was used for the 

preparation of GSH-AgNCs for the estimation of 

sodium valproate with the aid of colorimetric and 

fluorimetric methods for the detection of sodium 

valproate from pharmaceutical formulations and 

biological fluids.. 

 

Experimental 

 

Chemicals 

 

All the chemicals used in experimental work 

were of analytical or Reagent grade. Silver nitrate 

(AgNO3), an sodium borohydride (NaBH4) were from 

Merck (Darmstadt, Germany. Chemicals Guluthione 

(C10H17N3O6S). and α-liopic acid (LA) (C8H14O2S2) 

were obtained from Sigma (Switzerland ). Potassium 

chloride (KCl), Fluka (Switzerland), hydrochloric acid 

(37%), acetic acid (C2H4O2), sodium hydroxide 

(NaOH), sodium tetraborate decahydrate 

(H20Na2B4O17), sodium acetate (C2H3NaO2) and boric 

acid (H3BO3) were from Merck (Darmstadt, Germany) 

and Sigma Aldrich (Switzerland). Sodium valproate 

standard was kindly provided by Wilshire laboratories 

(Pvt.) Ltd Karachi, Pakistan. The sodium valproate 

prescription tablets Epival and capsules were 

purchased from a nearby pharmacy. 

 

Instrumentation 

 

The UV–Vis absorption spectra of GSH-Ag 

NCs were recorded on Hitachi 220 double beam 

spectrophotometer (Hitachi Pvt. Ltd, Tokyo, Japan) 

employing 1 cm dual quartz cuvettes. Orion 420 A pH 

meter equipped with glass electrodes and internal 

reference electrode (Orion Research In, Boston, USA) 

was used to confirm pH of buffer solutions. FT-IR 

Spectra were recorded using Nicolet Atavar 330 

(Thermo Nicolet corporation, USA) with attenuated 

total reflectance accessary (smart partner) within 

range of 4000–600 cm−1 An Allegra 64 R centrifuge 

machine (Beckman Coulter, USA) was used to 

centrifuge sample solutions. The structural and 

morphological details of GSH-Ag NCs were analyzed 

on scanning electron microscope (JEOL JSM-6490 

LV), at the Centre for Pure and Applied Geology, 

University of Sindh, Jamshoro. Zeta potential and size 

distribution of GSH-Ag NCs before and after 

interaction with sodium valproate were analyzed at 

Department of Metallurgy and Materials Engineering, 

Mehran University of Engineering and Technology, 

Jamshoro by employing Malvern ZS-Nano analyzer 

(Malvern instrument Inc., London, U.K). 

 

Spectrofluorimetric measurements were 

made on Shimatzu RF-3501PC (Shimatzu 

Corporation, Kyoto, Japan) spectrofluorimeter 

equipped with a xenon discharge lamp and 1 cm quartz 

cells.  

 

Synthesis of GSH-passivated Ag 

nanoclusters. Typically, the synthesis of GSH-

passivated AgNCs was carried out by slightly 

modified reported procedure [7, 45It was conducted by 

adding 250 μL AgNO 3 (20 mM) and 300μL GSH (50 

mM) into 10.0 mL ultrapure water at room 

temperature by magnetic stirring. Then, NaOH (1.0 

M) was used to adjust pH to 7.0. At the same time, 

10.0 mg LA was mixed with pure sodium borohydride 

in the molar ratio of LA:NaBH4 = 4:1 and this was 

stirred well until a clear solution was observed. Here, 

LA was first reduced in water to form soluble 

dihydrolipoic acid (DHLA). Then, the prepared 

DHLA solution was immediately added into the silver 

mixture by vigorously stirring for one min. 

Subsequently, a slightly excessive sodium 

borohydride solution was added drop wise into the 

mixture. After stirring for 20 min, the mixture was 

further incubated for 1.5 h at room temperature. The 

resulting GSH-passivated AgNCs were stored at 4 °C 

in the fridge.  

 

Colorimetric and fluorimetric analysis.  

 

Colorimetric and fluorimetric assays with 

GSH-passivated AgNCs for sodium valproate were 

conducted by the following steps. Typically, an aliquot 

(4.0  mL) of GSH passivated AgNCs were dispersed 

in the buffer (pH 7.0). Then, a desirable amount of 

sodium valproate upto (10-80 μg ) and with different 

concentrations were mixed and further incubated for 5 
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min. The final volume was adjusted to 10 mL 

subsequently, the colorimetric and fluorimetric 

measurements were performed to record the changes 

of the absorbance and fluorescence intensities of the 

sensing reactions. The absorbance was measured at 

600 nm and fluorescence at 762 nm using excitation at 

600 nm. 

 

Analysis of spiked sodium valproate from blood 

serum 

 

The blood sample (5.0 mL) from healthy 

volunteer, who had not taken any medication at least 

for one preceding week, was centrifuged at 6000 g for 

20 min. The supernatant layer was collected and added 

methanol twice in volume. The contents were again 

centrifuged at 6000 g for 20 min. The deproteinized 

serum (1.0 mL) from upper layer was transferred to 10 

mL volumetric flask and added silver silver 

nanoclusters solution (4 mL) , buffer solution pH 7 (1 

mL) and different amounts ofsodium valprorate were 

added within calibration range. The final solution was 

made to the mark. The absorbance and fluorescence of 

the solutions were measured and quantitation was 

made from linear regression equations. 

 

Analysis of spiked sodium valproate from urine 

samples  

 

The urine sample was collected from healthy 

volunteer and clear urine sample (3.0 mL) was added 

methanol (6.0 mL) and centrifuged at 6000 g for 20 

min. The supernatant layer (1.0 mL) was transferred to 

volumetric flask (10 mL) and procedure was followed 

as for blood serum. 

 

The blood and urine samples were collected 

from healthy volunteers and they were informed the 

objectives of the study. They gave verbal permission 

to collect the samples. The blood sample was collected 

by vein puncture and urine sample was collected in a 

clean pot. The Ethical committee of Institute of 

Advanced Research Studies in Chemical Sciences was 

informed the objectives of the research, and they 

kindly gave the permission.  

 

Stock solution preparation 

 

The stock solution of standard sodium 

valproate (1 mg/ml) was prepared by dissolving 25 mg 

of standard sodium valproate in 25 ml distilled water. 

The working solution (100 μg/ml) was then prepared 

by appropriate dilution of stock solution with distilled 

water. 

 

 

Preparation of samples for characterization 

 

The sample preparation for characterization 

by FT-IR and SEM involved centrifugation of 

sufficient quantity of GSH AgNCs in absence and 

presence of Sodium valproate at pH 7. The samples 

were centrifuged at 8000 rpm at room temperature for 

half an hour. The sample solution containing sodium 

valproate had the concentration of 10 μg/ml. The 

supernatant layer was discarded and precipitate (ppts) 

were collected. The precipitates were added distilled 

water (15 mL), mixed well and centrifuged at 8000 

rpm for 20 min. The upper layer was discarded and 

precipitates were collected dried at 70 0 C. The 

precipitates in dried powder form were then analyzed 

by FT-IR, SEM and EDX techniques. The DLS for 

size distribution and zeta potential of GSH AgNCs 

without sodium valproate and with sodium valproate 

were also determined. In this regard, 2 ml of 

nanoclusters were taken, pH was adjusted to 7 and 

volume was adjusted to 20 mL. The solution of 

nanoclusters (2.0 mL) was adjusted to pH 7 and added 

sodium valproate following the general procedure for 

detection of sodium valproate. The sample was then 

diluted up to 20 ml with distilled water. The 

concentration of sodium valproate in original solution 

was 10/ml.  

 

Selectivity 

 

4 ml GSH-Ag NCs was transferred into a 

series of 10 ml volumetric flasks. Then, 1 ml buffer of 

pH 7, 0.6 ml of 100 μg/ml sodium valproate and 0.6 

ml of 1 mg/ml of various interfering species (glucose, 

sucrose, starch, Na+, and Ca2+) were added separately. 

The final volume was adjusted to 10mL with distilled 

water. In case of Na+and Ca2+, the selectivity was also 

examined using 1.2 ml of 1 mg/ml of Na+and Ca2+ 

separately. The contents were mixed well and the 

absorbances were recorded at 600 nm against distilled 

water. fluorescences were measuredat emission 762 

nm and excitation at 600 nm. 

 

Analysis of pharmaceutical preparations 

 

Five tablets of sodium valproate were 

weighed separately and ground to fine powder. Mass 

of powder equivalent to 25 mg was dissolved in 

methanol. The solution was then shaken and filtered to 

get clear solution. The remaining volume was adjusted 

with methanol to 25 mL to obtain approximately 1 

mg/ml stock solution. The working solution was 

prepared from stock solution by dilution with 

methanol. Different concentrations of sodium 

valproate were taken within calibration range and the 

solutions were analyzed by following the general 
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procedure for detection of sodium valproate. 

Quantitation was then made from linear regression 

equations using both Spectrophotometric and 

Fluorimetric procedures. 

 

Results and Discussion 

 

The light yellow solution of glutathione 

stabilized AgNCs was obtained as a consequence of 

chemical reduction of AgNO3 by NaBH4 in the 

presence of GSA and LA. In addition, the aggregation 

of AgNCs was prevented by capping with GSH on the 

surface of AgNCs [45]. GSA-AgNCs absorbed 

maximally at 370 nm and fluorimetric study showed 

maximum with sodium valproate at excitation 600 nm 

and 660nm respectively  and sodium valproate 

indicated 3 emission bands within near visible region 

emission observed at (472 , 700 and 762 nm) and their 

relative intensities were 2.863, 0.310 and 27.483 7 

respectively. A systematic study for qualitative and 

quantitative identification of the drugs using AgNCs 

as colorimetric and fluorimetric probes were 

investigated. A number of drugs Artemether, 

Lumefantrine, Adenocor, Admelog. Pheniramine, 

Maleate were screened separately by spiking the 

aqueous solution of AgNCs at optimum pH with the 

drugs, but these drugs did not indicate any colour 

reaction. The addition of sodium valproate drug to 

GSH-AgNCs indicated a prominent colour change of 

AgNCs solution from light yellow to brown, may be 

due to the aggregations of nanoclusters. 

 

Characterization of GSH‑Ag NCs Before and after 

interaction with sodium valproate 

 

The light yellow coloured colloidal solution 

of GSH-Ag NCs formed was then analyzed by UV–

Vis spectrophotometer. Spectral analysis of Ag NCs 

(Fig.3 a) in absence of Sodium valproate showed a 

characteristic sharp peak at 370nm. The addition of 

sodium valproate to GSH-Ag NCs leading to colour 

change was observed from light yellow to brown with 

absorbance at 600 nm and a decrease in a surface  

plasmon resonance band intensity was observed at 

370nm (fig3 b). 

 

Characterization of FT-IR, SEM and EDX 

 

The FT-IR spectrum of GSH-Ag NCs 

without sodium valproate is shown in Fig. 4(a). FT-IR 

Spectrum of silver nanocluster with Sodium valproate 

is shown in (Fig 4, b). The SEM image of GSH-Ag 

NCs without sodium valproate (Fig 4 c) and GSH-Ag 

NCs with sodium valproate are shown (fig 4 d). The 

EDX spectrum without drug (fig 4 e) and EDX 

spectrum with drug are also indicated (fig 4 f). 

 

 

 
 

Fig. 2: Schematic representation of glutathione passivated  AgNCs. 
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   a      b 

 
 

 

Fig. 3: (a) Visible absorption spectra of GSH-AgNCs in absence of drug and (Fig 3 b) GSH-AgNCs with 

sodium valproate in presence of drug. 

 

 
 

Fig. 3: (c) Spectrofluorometry emission spectra of GSH-AgNCs in absence of drug at wave length 438 nm (fig 

3. D) GSH-AgNCs with sodium valproate emission at762 nm. 

 

 
 

Wavelength (nm) Wavelength (nm) 
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Fig 4: a FT-IR spectra of GSH-AgNCs without sodium valproate and (Fig 4 b) GSH-AgNCs with sodium 

valproate (10 µg/mL) (Fig 4.c) SEM image of GSH-AgNCs without sodium valproate and ( Fig 4 d) 

GSH-AgNCs with sodium valproate (10 µg/mL) Fig 4 e EDX GSH-AgNCs without sodium valproate 

and (Fig 4 f) GSH-AgNCs with sodium valproate (10 µg/mL) . 

  

FT-IR for AgNCs indicates peaks corresponding to 

OH/NH stretching at 3332. cm-1, CH at 2917.79, C=O 

at 1651.cm-1 , CH3 bending at1339.71 cm-1 and 

1076.33 cm-1 for C=S. Thus, FT-IR suggests the 

attachment of GSA and LA on the surface of Ag NCs 

as reported [45]. Although, it can be seen that the 

intensity of OH/NH stretching vibration of FT-IR 

spectrum is reduced for GSH-Ag NCs in presence of 

sodium valproate. Furthermore, it can also be noticed 

from the FT-IR spectrum of GSH-Ag NCs sodium 

valproate contains (Fig. 4 b) certain additional peaks 

confirming the attachment of sodium valproate on the 

surface of glutathione stabilized Ag NCs thereby 

inducing aggregation. The peaks for OH/NH 3675.23 

cm-1 , CH3 1405.80 cm-1, C-O 1033.08 cm-1,C͇=O 

1559.91 cm-1 , 1052 C=S and 669 C-H supports the 

attachment of sodium valproate to GSH-Ag NCs. Fig 

4 c SEM image show that GSH-Ag NCs are of 

somewhat spherical shape corresponding to dispersed 

state. However, in presence of sodium valproate, the 

morphology shows that GSH-Ag NCs is quite 

different and it seems to be flower-like which confirms 

the aggregation of Ag NCs (Fig 4 d). EDX of GSH-Ag 

NCs in the absence and presence of sodium valproate 

indicated the elements present N, O, Na and S, because 

sodium valproate contained only the elements C, O 

and Na which are covered in both (Fig 3 e and f). 

Another technique which was employed to 

characterize Ag NCs was dynamic light scattering 

technique. It involves laser beam to illuminate 

suspension of particles. From Fig.5 a , it is obvious that 

the size of Ag NCs is 10 nm in diameter in absence of 

sodium valproate and the peak is monomodal in nature 

which further confirms the shape to be spherical [41]. 
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Conversely, three peaks are seen in Fig 5 c in the 

presence of the drug.. It may be due to flower-like 

nanoclusters. Moreover, it can also be noticed from 

Fig 5 a) size distribution of GSH-AgNCs without 

sodium valproate and Fig 5 b with 100 μg/ml sodium 

valproate. (Fig. 5) zeta potential of GSH-AgNCs 

without sodium valproate and (Fig 5 d) with sodium 

valproate (100 μg/ml) that average mean diameter is 

greatly increased from 10 nm to 198. nm due to 

interaction of sodium valproate with GSH-Ag NCs. 

The zeta potential value was total average -17.7 mV 

for colloidal solution of GSH-AgNCs (Fig.b), 

indicating the negative charge at surface of Ag NCs. 

The magnitude of zeta potential value reflects stability 

of colloidal dispersion due to electrostatic repulsion of 

negatively charged Ag NCs which is consistent with 

reported procedures [42, 43]. From (Fig. 5 d) it is clear 

that total average of zeta potential value is -2. mV due 

to interaction of positively charged sodium valproate 

with negatively charged GSH-Ag NCs. It results in an 

increase in electrostatic forces among nanoparticles 

leading to aggregation thereby decreasing the stability 

of Ag NCs.  

Effect of pH 

 

The effect of pH on absorbance of GSH-Ag 

NCs in presence of sodium valproate was investigated 

from pH 2–10 by monitoring concentration within the 

UV–Vis and florescence within the wavelength range 

of 360–765 nm. As, it is clear from Fig. 5 a,b that the 

maximum absorbance occurred at pH 7 and was 

selected. Moreover, it was observed during study of 

pH effect that at lower pH (< 4), the GSH-Ag NCs 

solution was unstable and the aggregation occurred 

without adding any analyte, resulting in color change 

of Ag NCs solution from light yellow to colorless 

which is in accordance with reported literature [44]. 

This was due to neutralization of surface charge of Ag 

NCs. However, at higher pH values i.e. > 7 and < 11, 

the GSH-AgNCs were stable, the characteristic color 

of Ag NCs solution remained bright yellow even after 

addition of buffer solution. The addition of sodium 

valproate to GSH-Ag NCs at pH 7 lead to color change 

from yellow to brown due to aggregation induced by 

sodium valproate. 

 

 

(a) (b) 
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Factors influencing colorimetric and fluorimetric sensing 

 

 

 
 

Fig. 6: a , b) and (Fig 6 c , d ) Uv-Vis absorption spectra and spectroflurometry image of GSH-AgNCs with 

sodium valproate with 100 μg/ml pH 2-10.  

 

 
 

Fig. 7: a effect of time on spectrophotometer and (Fig 7 b) effect of time on spectrofluorimetery. 

 

Effect of time 

 

The influence of time on absorbance and 

fluorescence of GSH-Ag NCs was studied for 1h in 

presence of 10 μg/ml sodium valproate at pH 7 as 

shown in Fig. 7 a, b.. The absorbance of the sample 

solution was recorded within 5 min at 600 nm then at 

an interval of 15 min. The fluorescences emission was 

measured at 760nm. It was found that absorbance after 

5 min remained nearly constant up to 50min. Thus, 45 

min was chosen as an optimum time for study of 

absorption after addition of sodium valproate. 
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Effect of concentration of sodium valproate 

 

To investigate the influence of concentration 

of sodium valproate on absorbance, the calibration 

curve was plotted within concentration range of 1-8 

μg/ml. The Fluorescences was within concentration 

range 1-5 μg/ml. Fig 7 b, d shows that the relative 

intensity is increased with sodium valproate R2  

0.9876. Fig 8 a shows that the absorption ratio at A600 

/A370 is increased with increase in sodium valproate 

concentration with R2 0.9956. Moreover, it was also 

observed that color of GSH-Ag NCs solution changed 

from light yellow to brownish yellow and then to 

brown upon increasing sodium valproate 

concentration. This enables one to determine sodium 

valproate by naked eye. The limit of detection (LOD) 

and limit of quantitation (LOQ) were calculated from 

3.3 and 10.0 times the standard deviation of slope 

divided by the slope of calibration curve using linear 

regression equation and were found to be 0.40 and 

1.23 μg/ml, respectively, The limit of detection (LOD) 

and limit of quantitation (LOQ) were found 0.06 µg/ml 

and 0.202 µg/ml respectively, showing proposed 

method to be sensitive. 

 

 
 

              
 

Fig. 8: (a, b) Calibration graph of absorption ratio of GSH-AgNCs verious concentration with sodium valproate 

1-8 μg/ml and (Fig c, d) in spectrofluorimetry various concentration with 1-5 μg/ml . 

 

Intra‑day and inter‑day variation 

 

Intra-day and inter-day precision were 

evaluated at a concentration of sodium valproate 6 

μg/mLunder optimum conditions. The relative standard 

deviation (RSD) was found to be < 2.8% (n = 5) for both 

intra-day and inter-day precision assays. This shows that 

our developed method is highly repeatable and 

reproducible. 

 

Table-1a: Intra-day and Inter-day variation on 

spectrophotometer of sodium valproate 
Concentration of standard ( ug/ml) Intra day Inter day 

% RSD (n=5) 1.66 2.8 

 

Table-2b: Intra-day and Inter-day variation on 

fluorescences of sodium valproate. 
Concentration of standard ( ug/ml) Intra day Inter day 

% RSD (n=5) 1.8 2.2 
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Selectivity of method 

 

The selectivity of the proposed colorimetric 

assay was examined by adding various pharmaceutical 

additives including glucose, sucrose, starch, Ca2+, and 

Na+ to GSH Ag NCs solution individually in a 

concentration 10 times more than the concentration of 

sodium valproate under optimum conditions. The 

concentration of sodium valproate was 6 μg/ml, and for 

Fluorescence concentration was 4 μg/ml. A relative error 

of below 3% was obtained (Fig.9 a b). It was found that 

absorbance remained almost similar even in presence of 

foreign species. In case of Na+ and Ca2+, the selectivity 

was also investigated at a concentration of 80μg/ml. The 

results indicate that Na+ did not interfere at higher 

concentration and the relative error was -2.5%. However, 

Ca2+ indicated relative error -5.5%. It shows that Ca2+ is 

not interfering at this concentration. 

 

Analysis of sodium valproate in pharmaceutical 

formulation and biological fluids 

 

Sodium valproate was determined in 

commercially available Epival tablet containing 20 mg 

sodium valproate. The RSD calculated was < 2% (n = 3) 

with the recoveries ranged from 99 to 99.07%. The 

amount found agreed well with the labelled amount on 

packet .Fig 10,a 

 

  
     

Fig. 9: a) UV–Vis absorption spectra and fluorescences of Interference effect of pharmaceutical additives 

(sodium valproate 6 μg/ml, additives 60 μg/ml) (Fig 9 b) Fluorescences sodium valproate 4 μg/ml 

additives 40 µg/ml. 

 
 

Fig. 10: a Spectrophotometer calibration graph of absorption ratios of silver nanocluster with sodium valproate 

in blood serum. (Fig 10 b) fluorescences calibration graph of silver nanocluster with sodium valproate 

in blood serum. 

 

Table-2: a) Analysis of Sodium valproate pharmaceutical preparations. 
Drug Analyte Standard Added amount (milligram/tablet) Found amount (milligram/tablet) Recovery % % Error 

 

Epival 

 

 

Sodium valproate 

 

20.0 

20.0 

20.0 

19.2 

19.4 

19.4 

99.39 

99.09 

99.09 

±4.5 

±2.4 

±3.8 

Epival Sodium valproate 20.0 

20.0 

20.0 

19.2 

19.7 

19.2 

99.56 

99.98 

99.45 

±2.4 

±3.4 

±2.16 
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Analysis of sodium valproate by standard addition 

method 

 

Sodium valproate was also analysed by 

standard addition technique. Different amounts of 

standard of Sodium valproate were added to the drug 

solution of sodium valproate. The concentration of 

drug solution was constant i.e 4 μg/ml while the 

standard was added in a concentration of 2, 4, 6 μg/ml 

separately in each sample of drug solution except the 

first one which remained un added. The samples were 

examined on spectrophotometer against distilled 

water. The absorbance of each of the sample solution 

was measured at 600 nm and the increase in 

absorbance was found with increase in amount of the 

added standard. The fluorescences analysed by 

standard addition of different amount of sodium 

valproate 2 μg/ml, while the standard was added in a 

concentration of 1,2,4 μg/ml respectively. The 

absorbance of the sample solution was measured at 

600nm and emission at 762 nm. The total amount of 

the drug found containing Sodium valproate in its pure 

form along with sodium valproate in dosage form was 

calculated from linear regression equation of standard 

sodium valproate. Furthermore, the sodium valproate 

was also analyzed by standard addition method. The 

results are summarized in Table-3. Similarly, the 

developed colorimetric and fluorimetric assay was 

applied to analyze sodium valproate in biological 

fluids including spiked human urine and blood serum 

samples. RSDs for spiked human urine and blood 

serum samples were ± 5. 0% and ±2.8% (n = 3), 

respectively, with recoveries of 99.39–99. 09%. 

Additionally, the urine sample was also analyzed after 

deproteinization. The spiked sample indicated 

recovery of 99. 56-99.45%. This supports that human 

urine and blood serum samples did not interfere the 

determination of sodium valproate. 

 

The results of sensitivity and easy of analysis 

were compared to those of other published methods 

(Table-5). 

 

 
 

 
Fig. 11: a) spectrophotometer calibration graph of 

absorption ratios of silver nanoclusters with 

sodium valproate spiked urine serum (Fig11 

b ) fluorescences calibration graph of silver 

nanoclusters with sodium valproate urine 

serum. 

 

Table-3: a) Analysis of blood serum and urine serum in sodium valproate. 
Sample Analyte standard Added amount (µg/ml) Found amount (µg/ml) Recovery % % Error 

Blood serum Sodium valproate 2 

6 

4 

2.100 

6.126 

4.421 

99. 

99.09 

±5.0 

±2.8 

±4.7 

Urine serum Sodium valproate 

 

2 

6 

4 

2.111 

6.217 

4.251 

99.56 

99.57 

99.45 

±5.0 

±3.4 

±5.9 

 

Table-4: a) Comparison of previous published work with present work. 
Analyte Analytical technique Calibration range (µM) LOD (µM) Sample analyzed References 

Sodium valproate Spectrophotometric 24-114 

2-20 and 1-8µg/mL 

0.24 Urine sample [1] 

 Ultraperformance Liquid 

Chromatography 

50-400 0.2 -0.5µg/mL Pharmaceuticals and plasma [4] 

 UPLC     

 Gas Chromatography 50-150µg/m-1  

1.0-10 

Pharmaceutical formulations [20] 

Sodium valproate    

 

Urine  

   0.083 Pharmaceutical preparations [25] 

    Tablets  

Sodium valproate AgNCs based colorimetric 

sensor and Fluorimetric 

sensor 

1-8 

1-5µg/mL 

0.2-0.4µg/mL 

 

pharmaceuticals, spiked 

human urine, and blood 

serum 

This work 
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Conclusions 

 

A new colorimetric and fluorimetric sensing 

approach was developed for the analysis of sodium 

valproate in pure form, pharmaceutical preparation, 

spiked human urine and blood serum samples using 

GSH-Ag NCs. The experimental parameters were 

studied and the best pH for colorimetric and 

fluorimetric sensing of sodium valproate was found to 

be 7. The proposed techniques are simple, reliable, 

sensitive and selective. LOD and LOQ were found to 

be 0.2 and 0.6μg/ml, respectively. The colorimetric 

and fluorimetric platform made it possible to detect 

sodium valproate visually on the basis of color change 

of Ag NCs from light yellow to brown with in few 

minutes without requiring any special additives and 

expensive instrumentation. This simple and speedy 

analytical approach would hold great potential for 

detection of sodium valproate in clinical analysis. 
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