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ABSTRACT  

Complex dosage forms may be designed to provide sustained release of the drug or to deliver the active 
ingredients to the specific sites. It is important to know the in-vivo behaviour of the drug formulation 
following administration. Gamma scintigraphy technique has been widely used to monitor the in-vivo 
radiopharmaceuticals dosage form by neutron activation. This study was to investigate effect of neutron 
activation on the physicochemical properties of the Naproxen Sodium as a model drug. The drug was 
irradiated using TRIGA MK II reactor with thermal neutron at 1.2 x 1012 neutron cm-2s-1 for 1,2,3,4,5 and 
30 minutes. The stability of naproxen sodium was assessed based on the malting point, morphology, Gas 
Chromatograph-Mass Spectrometer (GC-MS) and Fourier Transform Infrared Spectrometer (FTIR). 
Results of analysis of Scanning Electron Microscope (SEM) and FTIR showed changes in the 
physicochemical properties of naproxen sodium when duration of irradiation was increased. There were 
no major changes in the result of GC-MS and Differential Scanning Calorimeter (DSC). Based on the 
results obtained, it be concluded that naproxen sodium is a suitable drug that can be used for neutron 
activation based gamma scintigraphy. The maximum irradiation time that naproxen sodium can be 
withstand without changes in its physicochemical properties is 3 minutes.  
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1.0 INTRODUCTION  

The oral route remains most preferred for drug administration because of its convenience to the patients. 
Solid dosage forms such as tablets or capsules are widely used to deliver the administered drugs. In most 
instances, these preparations are designed to release their drugs rapidly in the stomach. Some of the drugs 
irritate the stomach due their chemical properties. In order to protect the drug from the gastric juice and to 
prolong drug release, a sustained-release matrix system has been established as one way of delivering the 
drug. Sustained-release are tablets to dissolved slowly and release a drug over time. The advantages of 
sustained-release tablets are that they can often be taken less frequently than instant-release formulations 
of the same drug and that they keep a steadier therapeutic level of the drug in the bloodstream. Sustained-
release tablets are able to control the release of drugs or to deliver the active ingredients to specific sites 
(Rang et al. 1995; Daeseleire et al. 2003; Giunchedi et al.2000). It is important to obtain information on 
the in vivo behaviour of these formulations following their administration to human subjects in order to 
ensure that the formulation perform correctly. 

The conventional method of evaluating on oral dosage form in vivo involves measuring the plasma levels 
or urinary excretion of the drug over an appropriate time period. Such techniques give an indirect 
indication of the transit pattern, disintegration and dissolution behaviours of solid dosage forms within the 
gastrointestinal tract (GIT) i.e. the pharmacokinetic measurements indicate solely the results of drug 
release and not the responsible mechanisms. Although much about the performance of a system can be 



learned from in vitro release studies using conventional and modified dissolution, evaluation in vivo is 
essential in product development 

Gamma-scintigraphy is applied extensively in the development and evaluation of pharmaceutical drug 
delivery systems. It is used particularly for monitoring formulations in the gastrointestinal and respiratory 
tracts. The radiolabeling is generally achieved by the incorporation of an appropriate technetium-99m or 
indium-111 labeled radiopharmaceutical into the formulation. In the case of complex dosage forms, such 
as matrix tablets or enteric-coated tablets, labeling is best undertaken by the addition of a non-radioactive 
tracer such as samarium-152 oxide or erbium-170 oxide followed by neutron activation of the final 
product. Systems investigated include tablets and multiparticulates for oral administration, enemas and 
suppositories, metered dose inhalers and nebulisers, and nasal sprays and drops. Gamma-scintigraphy 
provides information on the deposition, dispersion and movement of the formulation. The combination of 
such studies with the assay of drug levels in blood or urine specimens, pharmacoscintigraphy, provides 
information concerning the sites of drug release and absorption (Wilding et al. 1992; Ahrabi et al. 1999). 

The objective of this study were to investigate the effect of neutron irradiation on the physicochemical 
properties of naproxen sodium at different irradiation durations and to identify the maximum irradiation 
time naproxen sodium at withstand could without changes in its physicochemical properties.   

2.0 MATERIALS AND METHODS 

2.1 MATERIALS 

Naproxen sodium and methanol (analytical grade) were purchased from Sigma Aldrich Merck, Germany, 
polyethylene vial, soldering iron and pneumatic cylinders.   

2.2 METHODS 

Naproxen sodium was weighed and put into six clean polyethylene vials. Each polyethylene vial had 
1.35g of naproxen sodium and were sealed using a soldering iron. The sealed vials were labelled and then 
put into a pneumatic cylinder prior to the process of irradiation. 

 

2.3 PROCESS OF IRRADIATION  

 

The process of irradiation was done in the TRIGA MK II PUSPATI reactor at a neutron flux of 1.2 x 1012 
n/cm2/sec. the pneumatic cylinders were transferred to the nuclear reactor using a pneumatic transfer 
system. The duration of irradiation of sample of naproxen sodium are 1, 2, 3, 4, 5 and 30 minutes.   

2.4 COLOUR CHANGES DURING IRRADIATION 

The changes in colour of the irradiated naproxen sodium at different time intervals were compared to the 
non-irradiated naproxen sodium.  

2.5 SCANNING ELECTRON MICROSCOPE (SEM) 

The observation, examination and analysis of microstructure morphology and chemical composition 
characterizations of drugs and other materials can be done using the SEM. The SEM is a versatile 
equipment that is able to provide myriads of imaging techniques with resolutions in the range 1 µm to 1 
nm, depending on the type of microscope and the method used to form the image. 



The formation of image in the SEM is dependent on interaction between electrons with the samples. The 
electron gun in the SEM generates a beam of high energy electrons. The beam of electron is processed by 
magnetic lenses which then focuses at the surface of the sample. The sample is then systematically 
scanned to produce an image (Zhou et al., 2007). 

The non-irradiated sample and the irradiated samples were viewed under a SEM (FEI Quanta 400, USA). 
Prior to examination, samples were gold sputter-coated to render them electrically conductive (Di & 
Barthelemy, 2001). 

2.6 GAS CHROMATOGRAPHY- MASS SPECTROMETRY (GC-MS) 

Gas Chromatography- Mass Spectrometry (GC-MS) uses a combination of two analytical techniques 
known as gas chromatography and mass spectroscopy. GC-MS is used to separate volatile compounds. 
The GC-MS system works by injection of the sample into the system, separation of samples in the 
capillary column and detection of the separated compounds. This technique of analysis is a powerful 
pharmaceutical analytical technique that is highly sensitive (Zayed M.A., et al., 2013). 

The non-irradiated and irradiated naproxen sodium samples were accurately weighed to 1.5 mg using an 
analytical balance (A&D GR-202, USA). 1.0 ml of methanol was used to dilute each sample of naproxen 
sodium. It is ensured that the sample was completely dissolved in methanol before proceeding to GC-MS 
analysis. 

The GC-MS system used is a Shimadzu QP 5050A gas chromatography equipped with an AOC-20i auto-
injector. The samples were injected in splitless mode into a SGE capillary column (30 m x 0.25 mm x 
0.25 µm) with helium carrier gas at a constant flow of 1.3 ml/min. The injector was heated to 200oC. 
Initial oven temperature is 70oC. This temperature is maintained for 5 minutes. Next the temperature is 
increased to 300oC at a rate of 10oC per minute. The mass range was 50-250 m/z . 

 

 

2.2.2 FOURIER TRANSFORM INFRARED ANALYSIS (FTIR) 

FTIR spectrometers is a chemical analytical technique that can be used for the identification of 
substances. FTIR uses the measurement of the molecular bond vibration of compounds excited by 
infrared radiation of a suitable frequency (Singh et al., 2011). 

The FTIR spectra of non-irradiated and irradiated naproxen sodium HTE samples were recorded on 
Perkin Elmer FTIR V2000 Spectrometer. About 1 mg of sample was placed on the sample holder. The 
scanning range was from 4000-400 cm-1.   

2.2.3 DIFFERENTIAL SCANNING CALORIMETRY (DSC) 

Differential scanning calorimetry or DSC is a thermo analytical technique that measures the difference in 
heat flow between a sample and reference as a function of temperature (Kundu et al., 2012) 

http://en.wikipedia.org/wiki/Thermal_analysis


Thermal analysis was carried out using a Mettler Toledo DSC 1 * E System. In order to calibrate the 
temperature and enthalpy scale, indium standards were used. The non-irradiated and irradiated naproxen 
sodium samples were placed in an aluminium pan, sealed and weight were recorded. An empty 
aluminium pan was used as the reference. The sealed pan was heated from 80oC to 300oC at the rate of 10 
oC/min. (Bhise et al., 2008) 

 

3.0 RESULTS AND DISCUSSION 

 

3.1 CHANGES IN COLOUR OF SAMPLES AFTER NEUTRON IRRADIATION   

The figure:1, shown changes in colour of Naproxen Soduim after irradiation process. The colour of 
naproxen sodium samples that were irradiated for 1, 2 and 3 minutes was the same as the non-irradiated 
sample is white in colour. However after 4 and 5 minutes irradiation, samples were slightly yellow 
compared to non-irradiated sample. 

 

 
Figure 1: Changes in colour of Naproxen Sodium after irradiation 

When increase in irradiation time at 30 minutes, the colour of sample turn to brown. Anrabi et al., 1999 
and Waaler et al., 1999 were report increase in irradiation time of samples suppositories and excipients 
were effect to the colour of samples.   

 

3.2 SCANNING ELECTRON MICROSCOPE ANALYSIS 

The crystals of non-irradiated naproxen sodium are rough surfaced with irregularly shaped longitudinal 
crystals (Bhise et al., 2008). The microphotograph of non-irradiated and irradiated naproxen sodium at 
2000x magnification is shown in figure 2. After the process of irradiation, the surface morphology of the 
crystals changed (fig 2 (1 min -30min)).  



 

 

 
Figure 2: SEM microphotograph of non-irradiated (C) and irradiated naproxen sodium samples at (1, 2, 3, 

4, 5 & 30 minutes) 

The irradiated samples had rougher surface than the non-irradiated sample. There were appearance of 
smaller needle like crystals in the irradiated samples. This shows that the process of neutron irradiation 
can change the surface morphology of naproxen sodium. It is important to analyse the effect of neutron 
irradiation procedures on the surface morphology and structure of naproxen sodium particles. This is 
because any changes in the crystal habit will be cause a change in the dissolution characteristics, 
flowability of the powdered drug and the compaction of the tablet (Tiwary, 2001). The changes in crystal 
structure will be eventually affect the properties of a modified release dosage form. 

 

3.3 GAS CHROMATOGRAPHY-MASS SPECTROMETRY (GC-MS) 

The TIC of irradiated naproxen sodium at different times show similar retention times, base peak and 
parent peak are show in table 1. 
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Table 1: Retention time, parent peak and base peak of irradiated naproxen sodium samples 

 

Duration of irradiation 
of naproxen sodium 

(min.) 

Retention time (min) Parent peak Base peak 

1 27 252 185 

2 27 252 185 

3 27 252 185 

4 27 252 185 

5 27 252 185 

30 27 252 185 
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Figure 3: Total ion chromatography and GC-MS Spectrum of non-irradiated (C) and irradiated naproxen 
sodium samples at (1, 2, 3, 4, 5 & 30 minutes) 

 

Based on the results shown, it can be seen that the retention time of non-irradiated naproxen sodium and 
irradiated is 27 minutes. There are 3 major peak that can be seen in the TIC of non-irradiated and 
irradiated sample at retention time of 8, 13.5 and 27 minutes. The abundance of the total ion current of the 
peak at 27 minutes is the same for every irradiated sample. However the abundance of the total ion 
current of peak 8 and 13.5 min reduces with increasing irradiated time. 

The parent peak from the mass spectrum of non-irradiated sample and irradiated sample is 252. This 
proves that the sample is Naproxen sodium as molecular weight of naproxen sodium is 252 (Reddy et al., 
2011). 

The base peak of non-irradiated sample is 44 but the base peak of irradiated sample is 185. This the only 
difference that can be seen when comparing the mass spectrum of non-irradiated and irradiated sample. 
Based on the mass spectrum of irradiated naproxen sodium, the fragment ion at signal m/z=185 represents 
the most prominent ion [C13H13O]+ and is mainly due to the rupture of COOH molecule from the main 
molecular ion (Zayed et al., 2013). 

 

3.4 ANALYSIS OF FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR) 

 

The results of analysis of non-irradiated and irradiated naproxen sodium at intervals of 1 to 5 minutes and 
30 minutes is shown in figure 4. The FTIR spectrum is a plot of transmittance (%T) against wavelength 
(cm-1). The infrared absorption and the related functional groups of non-irradiated samples is shown in the 
table 2. 
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Table 2: Infrared absorbance for functional groups in non-irradiated and irradiated samples of naproxen 
sodium 

 

Funtional 
Group 

Wavlenght (cm-1) 

Non-
irradiated 
naproxen 
sodium 

Irradiated naproxen sodium (min) 

1 2 3 4 5 30 

O-H 3448 3448 3448 3448 3447 3446 3444 

C-H 
(aromatic) 

3000 3000 3000 3000 3000 3000 3017 

C=O 
(acid) 

1631 1631 1630 1630 1630 1630 1630 

COO- 1584 1584 1584 1584 1584 1584 1584 

C-O- 
(ether) 

1210 1211 1211 1210 1210 1210 1210 

CH3 1364 1364 1364 1364 1364 1364 1364 
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  Figure 4: FTIR Spectrum of non-irradiated (C) and irradiated naproxen sodium samples at (1, 2, 3, 4, 5 
& 30 minutes) 

 

Based on table 2, the FTIR spectra of non-irradiated and irradiated naproxen sodium had similar 
wavelengths for the relevant functional groups. The FTIR spectrum of naproxen sodium exhibits sharp 
bands at 1210 cm-1 due to C-O-stretching (ether), 1394 cm-1 to 1365 cm-1 due to CH3 bending, 1480 cm-1 
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due to asymmetrical COO- stretching, 1580 cm-1 due to symmetrical COO- stretching, 1628 cm-1 due to 
C-C aromatic skeletal stretching (Bhise et al., 2008). 

The peaks at the wavelength of 1364 cm-1 is due to methyl (CH3) bending as shown in figure 4. Due to the 
stretching of the ether (C-O) functional group, there are peaks at the wavelength 1210 cm-1 in the non-
irradiated and irradiated samples of naproxen sodium. The peaks at 1584 cm-1 in the non-irradiated and 
irradiated FTIR spectrum can be seen due to symmetrical COO- stretching. 

The FTIR spectrum of non-irradiated and irradiated samples from 1 to 5 minutes and 30 minutes is almost 
similar in the wavelength region of 650-1500 cm-1 as shown in figure 4. The most changes in the FTIR 
spectrum can be seen in the 30 minutes irradiated. The 30 min irradiated sample had significant new peak 
in the region of wavelength of 1500 to 3000 cm-1. The new peaks is due to the degradation of naproxen 
sodium caused by prolonged duration of irradiation. Studies show that ionizing radiation under extreme 
condition or prolonged duration can lead to the scission of bonds which results in the appearance of new 
peaks (El-Mohdy, 2012). 

 

3.5 ANALYSIS OF DIFFERENTIAL SCANNING CALORIMETRY (DSC) 

The thermogram of naproxen sodium shows prominent and sharp endothermic peak at 256.5 oC (ΔH = -
133.231 J/g) represents its melting point (Bhise et al., 2008). Based on the experiment done, the 
thermogram of non-irradiated naproxen sodium showed prominent and sharp endothermic peak at 
255.79oC (ΔH = -138.75 J/g). The thermogram of non-irradiated and irradiated naproxen sodium is shown 
in figure 5 (C,1, 2, 3, 4, 5 and 30 min.)  
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Figure 5: Thermogram Spectrum of non-irradiated (C) and irradiated naproxen sodium samples at (1, 2, 3, 

4, 5 & 30 minutes) 

 

The peak melting point and the enthalpy of change of non-irradiated and irradiated naproxen sodium is 
shown in table 3 

 

Table 3: Melting point and enthalpy of non-irradiated naproxen sodium 

Irradiation of naproxen sodium 
(min) 

Peak melting point (oC) Enthalpy change (ΔH)  J/g 

Non-irradiated (C) 255.79 -138.75 

1 256.12 -141.08 

2 256.04 -137.62 

3 256.16 -133.31 

4 256.38 -133.95 

5 256.13 -141.60 

30 255.20 -138.29 

 

In pharmaceutical science, differential scanning calorimetry (DSC) is known as a well-established method 
of thermal analysis. The technique can be used to characterize physical and chemical even via changes in 
either enthalpy or heat capacity of a sample. 

Naproxen sodium that was irradiated for 1 min up to 5 min and 30 min showed a sharp endothermic peak 
from 255oC to 256.12oC. When compared to non-irradiated naproxen sodium with an endothermic peak 
of 255.79oC, the endothermic peak of all the irradiated samples did not differ greatly. The endothermic 
peak of non-irradiated and irradiated naproxen sodium samples are within the range of 255oC to 257oC, 
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which encloses the value of melting point reported for naproxen sodium (ΔH = -133.231 J/g)This shown 
that the endothermic peak of non-irradiated and irradiated naproxen sodium samples is within the melting 
point reported for naproxen sodium, which is 256.50oC. Even after prolonged duration of irradiation, 
naproxen sodium is thermodynamically stable. 

 

4.0 CONCLUSION  

The results obtained from all the physicochemical analysis done, it can be concluded that naproxen 
sodium is a suitable drug that can be used for experiments involving gamma scintigraphy using the 
neutron activation of naproxen sodium does exceed 3 minutes. This is to ensure that the drug does not 
undergo degradation that may affect its physicochemical properties and the way it behaves as an active 
ingredient. 
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