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Abstract 

Controlling and identifying the degraded products and impurities in the drug materials are the 

key issues in assuring the stability and quality of drugs throughout their shelf life, from both 

pharmaceutical and toxicological perspectives. Although, the drugs are packaged in a controlled 

environment at room temperature (25°C; 60% Relative Humidity (RH)), they may be exposed 

to elevated temperature and humidity during use, especially in regions with diverse climatic 

conditions. This study investigates the degradation of the Active Pharmaceutical Ingredient 

(API) of paracetamol tablet due to storage in inappropriate environmental conditions. The 

empirical method relies on the investigation of the respective Raman spectra of two groups of 

tablets; bare and packaged tablets. First, the accuracy of the analytical method used is evaluated, 

showing acceptable precision and accuracy within the range of the pharmacopeia guidelines with 

the Relative Standard Deviation (RSD)of less than ±5%. The tablet packaging effectively 

prevents moisture absorption; however, the API degradation process due to increased 

temperature is inevitable, and noticeable degradation in both tablet groups takes place after 30 

minutes. The resulting data is validated using paracetamol tablets produced by different 

companies. Exposure to elevated temperatures leads to a noticeable degradation of paracetamol 

across different brands, all following similar trends. Also, the inappropriate environmental 

conditions result in the formation of the toxic compound P-aminophenol within the tablet. As 

the API degradation progresses, the corresponding characteristic Raman peak of P-aminophenol 

becomes more pronounced. Therefore, Raman spectroscopy technique can be operationalized as 

a standard method for online controlling of drug quality in both production lines and in the 

market. 
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1. Introduction 

 

Paracetamol (also known as acetaminophen or N-acetyl-p-

aminophenol) is an analgesic and antipyretic drug and 

ranks as one of the most widely consumed non-prescription 

drugs worldwide . It has been used in various dosage 

forms; such as tablets, syrups, and suspensions, for 

different age groups, including children, women, pregnant 

women, and the elderly [4]. This drug is generally safe for 

human use at recommended doses. However, the use of 

fake or substandard drugs, as well as overdosing, can cause 

serious health risks to patient, including treatment failure, 

adverse reactions, and drug resistance [5-8]. In 

pharmacokinetic research, it is crucial to carefully examine 

various aspects of drug safety and stability from both 

pharmaceutical and toxicological perspectives [8-11]. The 

presence of the unwanted chemicals, even in small 

amounts, may influence the efficacy and safety of the 

pharmaceutical products. This also applies to paracetamol 

products. Poor quality may lead to the formation of P-

aminophenol, a hydrolytic by-product with nephrotoxic 

and teratogenic effects [3]. According to the World Health 

Organization (WHO), more than a quarter number of drug 

products on sale for consumption have been reported as 

counterfeit or substandard products [12]. For this reason, 

understanding effective degradation mechanisms and 

controlling various drug parameters are essential to ensure 

stability and potency throughout manufacturing, storage, 

and patient use [13]. The objective of stability study is to 

determine the ability of the pharmaceutical dosage form to 

maintain the physical, chemical, therapeutic and microbial 

properties [14-16]. One of the main factors of the API 

degradation can be caused by inappropriate environmental 

conditions during transportation, storage and use, 

especially in tropical climates [6-8, 17]. Environmental 

factors, including increased temperature, high humidity 

level, oxidation, and exposure to light, cause to chemical 

and physical instability in the drugs [18-20]. Choosing 

appropriate drug packaging is crucial to maintain a 

product’s effectiveness, safety, and performance 

throughout its shelf life [21-23]. Packaging should also 

protect against physical damage, material or ingredient 

loss, and the intrusion of harmful environmental factors 

like oxygen, water vapor, and light [23, 24]. Several 

pharmacopeias such as the International Conference on 

Harmonization (ICH), the US Food and Drug 

Administration (FDA), the European Medicines Agency 

(EMA), Japan Pharmacopoeia (JP), and etc. have 

developed globally recognized standard monographs to 

evaluate the stability and effectiveness of drugs at different 

climatic conditions (see Figure 1) [25-29]. Achieving an 

optimal formulation that involves carefully balancing the 

API content, drug dissolution profiles, and impurity levels 

are of great importance in guiding key processes such as 

mixing, drying, granulation, milling, and determining 

appropriate shelf life [30-32]. The requirement for ongoing 

quality and purity monitoring of medications and products 

has led to the development of various stability test 

techniques [3, 10]. Evaluating the parameters such as 

weight variation test, hardness, friability, disintegration, 

dissolution and assay test can be guaranteed the quality and 

efficacy of drugs [8, 22]. In this sense, analytical 

techniques such as electrochemical, spectroscopic, 

chromatographic, and electrophoresis methods have 

become increasingly prevalent [33-37]. Over recent 

decades, advances in chromatographic and spectroscopic 

methods have significantly led to changes in the guidelines 

in major pharmacopoeias [10, 38]. Updated monographs 

now incorporate more stringent and precise methodologies 

for testing drug materials, enhancing quality control and 

standardization across the industry [12]. Some of these 

methods though rapid, affordable, and precise, are 

nonselective and often have low accuracy. Also, they do 

not meet the criteria of standard monographs and the 

challenges such as a relatively large amount of sample, 

prevent from online using of these methods [10, 39-41]. As 

an instance, High-performance liquid chromatography 

(HPLC) lakes sufficient sensitivity and has the limited 

precision for assaying the drug content and detecting low 

levels of P-aminophenol in paracetamol tablets due to 

matrix interference [1-3]. Over the past few decades, there 

has been growing significant attention to ensuring the 

quality assurance and therapeutic efficacy of 

pharmaceuticals entering the market [3, 34, 42, 43]. Raman 

spectroscopy is a non-destructive and sensitive method that 

is used to for quality control, characterization of 

pharmaceutical formulations, monitoring of impurities, 

and identification of substandard drugs [44-46]. A major 

advantage of Raman-based analysis is its high accuracy 

and ability to reliably evaluate drug substances through a 

selective online control method at various stages, from 

production to consumption, even including from drug 

packaging [47-53]. Additionally, due to typically higher 

Raman scattering coefficients of APIs compared to 

common excipients, Raman spectroscopy can detect low 

levels of APIs and related substances [46, 53-55]. To the 

best of our knowledge, there are few studies on the quality 

evaluation of paracetamol tablets by using Raman 

spectroscopy [8, 56]. In Ref. [8], Raman imaging was used 

to study the stability of paracetamol tablets under different 

storage conditions. It has been demonstrated that p-

aminophenol in paracetamol tablets can be detected at 

levels as low as 0.05%w/w, which is above the minimum 

levels established by pharmacopoeias. 
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Figure 1. A Schematic representation of qualitative assessment of 
pharmaceutical materials using in situ Raman spectroscopy 

 

Additionally, our previous works [46, 56] focused on 

evaluating the applicability and accuracy of Raman 

spectroscopy for the quantitative analysis of metformin 

hydrochloride and paracetamol tablets based on their 

spectra.  

Our results indicate that Raman spectroscopy has a good 

adaption with pharmacopoeia monographs and can be 

applied as a routine method in the pharmaceutical industry.  

To the best of our knowledge, there are no quantitative 

Raman spectroscopy studies characterizing paracetamol 

API degradation or identifying P-aminophenol as a minor 

component in paracetamol tablets. The aim of the current 

study is to quantitatively investigate the degradation rate of 

API in marketed paracetamol tablets stored under 

inappropriate conditions, using Raman spectroscopy. In 

this regard, various experiments have been conducted to 

inspect the temporal changes of API under the elevated 

temperature and high levels of humidity, for the both 

groups of bare and packaged tablets.  

Then, the trends of API degradation in the same 

environmental conditions are validated by using the 

products of different brands. The damaging effects of API 

degradation and the formation of p-aminophenol at 

elevated temperatures were evaluated using the Raman 

spectra of both tablet groups.  

The importance of using appropriate packaging and 

maintaining optimal environmental conditions is 

investigated to ensure accurate API levels in paracetamol 

tablets available on the market.  

Additionally, identifying impurities and degradation 

products can help prevent or at least control the risk of 

consuming substandard tablets. Finally, Raman 

spectroscopy offers a rapid and precise method for field 

testing the stability of packaged tablets throughout its shelf 

life. 

 

2. Materials and methods 
 

2.1. Materials 

Paracetamol 500 mg tablets produced by the 

pharmaceutical companies Zagros Darou (S0), Alborz 

Darou (S1), Ariya Darou (S2), Shafa (S3), and Shahr Darou 

(S4) were purchased from local pharmacies. The tablet 

batches used in the experiments were freshly manufactured 

and stored at room temperature under standard conditions 

following their purchase. In total, 198 tablets from sample 

S0 and 30 tablets from S1, S2, S3 and S4 were used in the 

experiments. Additionally, five tablets of each sample were 

examined to determine the operational error in the 

experiments caused by various sources of error. Notably, 

half of the tablets were taken out of their packaging for 

testing (referred to as bare tablets), while the remaining 

tablets were analyzed in their original packaging. 

 

2.2. Experimental methods 

 

Simulated inappropriate storage conditions that mimic 

various climatic zones were used to conduct stability 

testing. For this aim, bare and packaged tablets from 

Zagros Darou (S0) were placed on clean petri dishes and 

stored in an oven at temperatures of 30± 2°C, 40± 2°C, 45± 

2°C, 55± 2°C, and 65± 2°C. Furthermore, we stored some 

tablets (S0) in a controlled environment chamber at relative 

humidity of 85 ± 2% RH. Tablets from other companies 

were subjected to the same 65 ± 2 °C temperature test. In 

addition, empty packages were stored and tested 

independently at various time intervals. During the 

experiments, various intervals were sampled and Raman 

spectra were recorded. A Raman microscope was used to 

record Raman spectra with a 532 nm diode laser and a CCD 

detector with 1044 pixels (Teksan, Iran). The laser was 

focused onto the sample surface by a 4X objective lens, 

which produced a 100 μm laser spot. The spectrum was 

recorded in the spectral region from 4000 to 100 cm-1, with 

an approximate spectral resolution of 15 cm-1. The CCD 

exposure time was set to 2 s, with 10 scans collected per 

measurement. Spectra were randomly collected from three 

areas on the tablet surface to minimize error sources. 

Experimental data were plotted based on results from nine 

independent experiments using three tablets to estimate the 

reliable errors throughout the study. To this end, spectra 

were taken from three points of each tablet to determine the 

temporal evolution of API degradation during temperature 

changes and high level of humidity. Finally, errors were 

presented as mean standard deviations of nine values of 

quantitative parameter values obtained from the three 

tablets. To assess how well the tablets would tolerate 

inappropriate storage conditions, a weight test was done. 

Each brand´s tablets were carefully de-dusted and then 

weighed. They were reweighed after exposure to the 

specified testing conditions to determine the percentage of 

weight loss.
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3. Results 

 

The stability of drugs should be tested at each stage of 

manufacturing to consumption, to guarantee that the drug 

will produce the expected therapeutic response [3, 38, 57]. 

Herein, the capability and accuracy of Raman spectroscopy 

in evaluating 500  mg paracetamol tablets stored under 

inappropriate environmental conditions are investigated. 

According to the formulation design provided by the 

pharmaceutical companies, the paracetamol tablet contains 

93.6% API, 4.9% Polyvinylpyrrolidone (PVP), 0.5% 

magnesium stearate and 1% croscarmellose sodium [58-

61]. To investigate the quantitative analysis of the 

paracetamol API degradation, the Raman intensity 

variations of characteristics bands of API relative to PVP 

are analyzed within the tablets. 

 Figure 2 shows the Raman spectrum of a bare paracetamol 

tablet, with the Raman bands of the API and PVP clearly 

marked.  

Due to interference of fluorescence effects of binding 

materials with vibrational spectra, baseline removal is 

often required before data analysis [62, 63]. An average 

baseline intensity of the spectrum was set and subtracted 

from the peak height during the quantitative calculations 

(the dashed line in Figure 2).  

Since the signals exhibited in Raman spectra directly show 

the dosage of materials, the Raman intensity ratio of 

characteristic bands of API/PVP were used as a 

quantitative metric for analysis [46, 54, 56, 64-66]. 

Characteristic bands are selected as the Raman bands at 

1611 cm⁻¹, corresponding to the vibrational mode of the 

O=C bond in the paracetamol API, and at 2933 cm⁻¹, 

corresponding to the vibrational mode of the C-H bond in 

PVP [23, 67-69]. The  characteristic bands of API and PVP 

were selected based on their intensities and lack of overlap 

with other tablet ingredients, allowing accurate monitoring 

of API changes [46, 54, 64, 66]. It is noteworthy that PVP, 

commonly used as a binder in paracetamol tablet 

formulations, is a water-soluble polymer with high thermal 

and chemical stability, biocompatibility, and viscosity-

regulating properties [70-73].  

In previous work, our results indicate that the PVP 

molecules were not denatured during storage of tablets 

under heating or high humidity conditions, and there is no 

observable variations in the PVP characteristic band [56, 

74, 75].  

Consequently, changes in the value of API/PVP 

characteristic Raman peaks is due to the degradation of 

API in the tablet stored in the inappropriate conditions. 

To validate the precision and repeatability of the utilized 

spectroscopic technique, first of all, the reliability of the 

data set extracted from the Raman spectra should be 

inspected [36].  

 

Figure 2. The Raman spectra of bare paracetamol tablet (solid line) and 

the baseline- subtracted Raman spectra (dashed line). The paracetamol 

API characteristic band (1611 cm-1) and the PVP characteristic band 

(2933 cm-1) were chosen for quantitative analysis 

 

Table 1. The resulted values of variability from Raman intensity ratio of 

different samples 

Sample 

name 

Relative error of 

API/PVP Raman 

band ratio for bare 

tablets (%) 

Relative error of 

API/PVP Raman 

band ratio for 

packaged tablets (%) 

S0 4.05 4.35 

S1 3.74 4.18 

S2 2.39 3.40 

S3 2.01 3.85 

S4 3.22 4.93 

 

For this purpose, paracetamol tablets from different 

companies were purchased, and the Raman spectra of both 

bare and packaged tablets were recorded [76].  

The complete characteristics of the samples, which are 

named as S0–S4 throughout the paper, are fully described 

in the previous section (see Experimental method). The 

main sources of error in the experiments including the 

systematic error due to device inaccuracy, the operational 

error due to user inaccuracy, and the errors referred to the 

sample inhomogeneity were considered. The significance 

of the resultant data was investigated in the repetitions of 

recorded spectrums within three randomly selected regions 

over all the surfaces of five tablets (S0-S4). Then, the 

indicator factor based on the Raman intensity ratio of 

characteristic bands of API/PVP and its %RSD were 

calculated for both bare and packaged tablet groups. The 

results are presented in Table 1. The data extracted from 

the packaged form of different brands of paracetamol 

tablets shows greater variations compared to the bare 

https://doi.org/10.57647/jtap.2026.2001.04
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samples. This goes back to the scattering of light via the 

tablet´s cover. The effect of cover in the Raman spectra of 

tablets will be discussed later. Based on the paracetamol 

tablet label claim, the API variation ranges from 90% to 

110%, covering the 10% variation normally allowed [60, 

61]. Our results imply that the accuracy of experiments for 

both groups of tablets are acceptable and significant with 

RSD of less than ±5%. Therefore, the Raman-based 

approach can be confidently utilized for the rapid 

assessment of low-quality products in accordance with 

standard guidelines [77, 78].  

In the following, we investigate the feasibility of 

measuring API degradation in packaged sample using 

Raman spectroscopy. Figure 3 illustrates the effect of the 

tablet packaging on the quantitative analysis of degradation 

using Raman spectra. Figure 3a shows the temporal 

degradation of the API in several packaged tablets of 

sample S0 at 65°C. At each time interval, three tablets were 

removed from the oven, set at 65°C, and then, three regions 

of each tablet were analyzed at three different points. 

Therefore, each spectrum in Figure 3a represents the 

average of nine individual spectrums. Analysis of the 

spectra reveals that the characteristic peaks of API, PVP, 

and PVC bands show no significant shifts over time [46, 

54, 56].  

As shown in the inset of Figure 3a, the characteristic band 

of API decreases during storage at high temperatures, 

while the characteristic peak corresponding to PVP 

remains relatively constant [46, 54, 56]. It seems that the 

molecular interactions of the API change with increasing 

temperature, leading to its degradation, in contrast, the 

PVP molecular structure is less affected by temperature 

fluctuations [59-61, 70, 73, 79]. This result suggest that the 

significant stability of the peak associated with PVP 

supports its suitability as a metric parameter for 

quantitative analysis. Subsequently, the extent of 

degradation of the API at 65°C and various other 

temperatures will be discussed and examined further.  

Figure 3b shows the Raman spectra of the tablet cover at 

various temperatures. Polyvinyl chloride (PVC) is a 

primarily amorphous film with excellent optical clarity, 

commonly used for packaging tablets and other 

pharmaceutical products because of its resistance to 

temperature increases [23, 80-83].  

The Raman spectrum of this polymer can be broadly 

divided into three regions: the range from 100 to 700 cm⁻¹, 

which is attributed to symmetric and anti-symmetric 

stretching vibrations involving the C–Cl bond (643 cm⁻¹ 

and 695 cm⁻¹); the range from 700 to 1500 cm⁻¹, which 

corresponds to C-C bending and rocking vibrations (1120 

cm⁻¹ and 1500 cm⁻¹); and the range from 2800 to 3000 

cm⁻¹, which is associated with C-H stretching vibrations 

(2933 cm⁻¹) [82-84].  

Since, the overlap of the characteristic peak of PVP with 

the PVC peak at 2933 cm-1 may influence the quantitative 

data analysis, the behavior of PVC Raman spectrum should 

be investigated.  

Figure 3b confirms that the PVC molecules are not 

denatured during the heating process and the slight changes 

in the characteristic band of PVC may be due to the change 

in the initial layer thickness of the covers. In addition, the 

Raman intensity of the PVC is much lower than that of the 

PVP, which does not interfere with the quantitative 

evaluation of the tablet quality. 

 

 

Figure 3. (a) The temporal variations in the Raman spectra of the packaged Paracetamol tablets (S0) at 65°C; the variations in the characteristic band of API 

at 1611 cm-1 and the characteristic band of PVP at 2933 cm-1 were marked, (b) the Raman spectra of the tablet cover made of Polyvinyl chloride (PVC) at 

different temperatures
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In the following, we study the stability of packaged and 

bare tablets under inappropriate storage or exposure to 

various climate zones [25, 64]. For this aim, a number of 

168 packaged and bare paracetamol tablets (sample S0) 

were placed on clean petri dishes and stored in an oven at 

temperatures of 30± 2°C, 40± 2°C, 45± 2°C, 55± 2°C, and 

65± 2°C. Additionally, 30 tablets were exposed at the most 

commonly recognized temperature (30°C) and high 

humidity level (85% RH) in the controlled environmental 

chamber. Subsequently, the spectra of different tablet 

samples were recorded at various time intervals, and the 

quantitative parameter was calculated (see Figure 4). 

Figure 4a.  

shows the Raman intensity ratio of characteristic bands of 

API/PVP at different time intervals as the temperature 

increases. Since, the values for the PVC and PVP 

characteristic bands show no meaningful changes over 

time, the decrease in the metric parameter suggests a 

reduction in the intensity of the API characteristic band. 

Based on our experiments, the API/PVP value at room 

temperature is 1.85 and 1.66 for bare and packaged tablets, 

respectively. Notably, the lower values of metric parameter 

for the packaged tablets are attributed to light scattering 

effects caused by the packaging. According to the USP 

monograph, a paracetamol tablet is considered expired if 

its API content falls below 90% (85).  

As indicated by the decrease in the API/PVP Raman 

intensity ratio, samples stored at 30 and 40 °C maintained 

their API values throughout the oven storage period, while 

samples exposed to 45, 55, and 65 °C showed accelerated 

API degradation.  

The API reached expiration in both the bare and packaged 

tablet groups after 7 hours at temperature 45°C, after 3 

hours at 55°C and after 1 hour at 65°C.  

Also, the accuracy of the data regarding API degradation 

remains acceptable for both groups of tablets at different 

temperatures.  

Furthermore, similar to most chemical reactions, the 

degradation of both groups of tablets follows a logarithmic 

trend at different temperatures [56, 85, 86]. Consequently, 

the packaging of the tablets cannot protect the API from 

destruction against temperature increasing.  

Figure 4b. shows the API stability testing under the 

commonly recognized temperature of 30°C and a high 

humidity level of 85% RH.  

Similar to the thermal degradation of the API, the moisture 

absorption process in the bare tablets follows a logarithmic 

trend, with noticeable API degradation evident after just 

one hour.  

In contrast, the packaging effectively prevents moisture 

absorption, ensuring that degradation does not occur. 

Therefore, the storing of tablets out of their package under 

the high humidity levels leads to very fast degradation 

process. To investigate the repeatability of the 

aforementioned trend in the thermal degradation of the 

paracetamol API, the stability tests were conducted on 

tablets manufactured by four different pharmaceutical 

companies [25, 64]. 

 

 

Figure 4. (a) Temporal dependency of API degradation at various temperatures, (b) Temporal dependency of API degradation at high level of humidity 

(85% R.H.) 
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Figure 5. Temporal dependency of the API degradation at 65°C for 

samples S1, S2, S3, and S4 

 

Figure 5. demonstrates the trends in the Raman intensity 

ratios of API/PVP for different samples. 30 tablets from 

each sample (S1-S4) were stored at temperature of 65 °C. 

At each time interval, three bare and three tablets with 

packaging were removed from the oven, and the spectra 

were recorded at three different points on each tablet30 

tablets from each sample (S1-S4) were stored at temperature 

of 65 °C.  

At each time interval, three bare and three tablets with 

packaging were removed from the oven, and the spectra 

were recorded at three different points on each tablet. As 

can be seen in Figure 5, the logarithmic process takes place 

in the different brands of the paracetamol tablets.  

The slope of API degradation in tablets prepared by 

different companies follows slightly different logarithmic 

trends, but the degradation time does not show a significant 

delay.  

This can be attributed to the initial parameters of tablets, 

such as variations in tablet weight and differences in the 

diameter or shape of the tablet covers. The investigation of 

the degradation process was followed by additional 

studies, including a weight test and an analysis of the 

characteristic Raman band of p-aminophenol as a toxic 

component in the tablets. 

In general, weight variations are a valid indication of 

corresponding changes in the drug content of individual 

tablets [22, 87, 88]. 

In addition to physical changes and volatilization of 

ingredients, the chemical degradation of API due to heating 

leads to weight loss of tablets (8).  

According to the USP monograph, a maximum weight loss 

of samples shouldn’t  

be more than 1.00% for a tablet to be accepted [7, 8, 85, 

87, 89].  

To inspect the effect of temperature, increase on the weight 

of tablets, the tablet weight variation test was done. 

The tablets of each brand were weighted before 

transferring them to the oven at 65 °C.  

At each time interval, the tablets were removed from oven 

and weighted again.  

The percentage of weight loss was calculated as the ratio 

of weight variation relative to the initial tablet weight.  

This calculation was repeated for three tablets, and the 

average of the resulting data is presented in Table 2. As 

seen in Table 2, all samples from each brand experiences 

the weight loss at different times and the rate of weight loss 

increases over time. In addition, the weight loss at 1 hour 

is more than 1.00% for all brands (the accepted value is 

<1.00%) [89].  

The weight loss values vary for tablets produced by 

different companies, and this difference is influenced by 

production conditions, including the pressure and press 

intensity during manufacturing.  

Depending on the composition of the tablet and the type of 

materials used in its formulation, an increase in 

temperature leads to changes in the tablet properties [90-

93].  

Since, PVP and other ingredients in the tablet are resistant 

to temperature, the observed weight loss can be attributed 

to the degradation of API, which confirms the predicted 

API degradation based on the API/PVP ratio (see Figure 

6).  

The Raman spectra of the degraded tablets also contained 

other interesting information.  

Figure 6 shows the temporal evolution of the P-

aminophenol characteristic band for samples stored at 65 

°C.

 

Table 2. the weight loss evaluation of samples 

Loss weight 
S0  S1  S2  S3  S4  

Loss weight in 1 hour 2.40 ± 0.15 1.70 ± 0.23 2.06 ± 0.22 0.93 ± 0.15 2.16 ± 0.01 

Loss weight in 2 hours 2.43 ± 0.85 2.63 ± 0.24 2.63 ± 0.32 0.96 ± 0.16 2.80 ± 0.04 

Loss weight in 3 hours 2.50 ± 0.40 2.66 ± 0.15 2.83 ± 0.04 1.13 ± 0.16 2.96 ± 0.04 

Loss weight in 4 hours 2.63 ± 0.11 3.36 ± 0.01 2.96 ± 0.28 2.86 ± 0.77 3.60 ± 0.19 
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Figure 6. (a) The temporal evolution of the P-aminophenol characteristic band at 65°C (sample S0), (b) Comparison of the trends in API degradation and 

P-aminophenol formation during tablet storage at 65°C 

 

P-Aminophenol is known as an impurity in paracetamol 

tablet, which can be a synthetic intermediate or a product 

of hydrolytic decomposition of paracetamol [94-96]. Also, 

the decomposition of paracetamol under unfavorable 

environmental conditions leads to increase the amount of 

P-aminophenol [8, 96, 97].  

This compound shows significant nephrotoxicity and 

teratogenic effects, and pharmaceutical guidelines have set 

a limit of 0.005 % w/w for its presence, determined by a 

manual colorimetric limit test [1, 8, 95].  

The best peak of P-aminophenol at 858 cm-1, which 

corresponds to the out-of-plane C-H bending vibrations 

mode, was selected as a characteristic band.  

Despite of the overlap of this peak with the peak 

corresponding to the API (847 cm-1), the intensity of this 

peak can be related to low dosage of P-aminophenol in the 

final paracetamol tablet (1).  

As shown in Figure 6a, the spectrum of the paracetamol 

tablet before storage in the oven (at 0 min) also shows a 

peak at 858 cm-1. Interestingly, the intensity of this peak 

increases when the sample is stored in the oven at 65 °C, 

while the other peaks corresponding to the API decrease. 

Therefore, the increase in the 858 cm-1 peak suggests the 

formation of P-aminophenol when temperature increases. 

Figure 6b shows the trends of the Raman intensity ratio of 

the characteristic bands of P-aminophenol/PVP and 

API/PVP, calculated as an average from nine spectra. 

According to the aforementioned discussion, the 

quantitative analysis of API based on Raman spectra 

yielded satisfactory results, enabling the detection of p-

aminophenol formation in the presence of paracetamol.  

Therefore, the quantitative analysis using Raman 

spectroscopy data can be used from various aspects to 

conduct tablet stability tests throughout their shelf life. 

5. Conclusion 
 

In this study, we highlight the use of the Raman 

spectroscopy method to gain new insights into the 

hydrolysis/degradation behavior of commercial 

paracetamol tablets stored under inappropriate conditions. 

This method relies on analyzing the changes in the 

characteristic bands of the paracetamol API and PVP 

within their Raman spectra. Our results show that the API 

degradation follows a logarithmic trend, similar to results 

obtained from conventional methods in the pharmaceutical 

industry. Furthermore, the results demonstrate that Raman 

spectroscopy can accurately quantify the API degradation 

in accordance with the acceptable standards set by 

international guidelines. The effect of increasing 

temperature on API degradation is more pronounced for 

packaged tablets compared to changes in humidity. Also, 

the API degradation leads to the production of the toxic 

substance P-aminophenol.  This emphasizes the importance 

of monitoring and controlling temperature conditions in the 

storage of pharmaceutical products.  

Finally, as a cost-effective and reliable method, this 

approach offers a solution for drug quality assessment and 

stability testing. 
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