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Abstract 
An  impurity  in  a drug  is any  chemical  component  that has no chemical entity defined as 

a drug substance, they remain with the active pharmaceutical ingredients (APIs), or develop 

during formulation, or upon aging. The safety of a drug depends upon the toxicological 

properties of the active substance and its pharmaceutical impurities. Temperature, humidity 

and pH play an important role in degradation processes. Paracetamol is hydrolyzed to p-

aminophenol and acetic acid. p-chloroacetanilide could be one of the most related 

substances to paracetamol. Aspirin undergoes hydrolysis to give salicylic acid and acetic 

acid. Since paracetamol and aspirin are of the most used drugs among different age groups, 

they were chosen to be assayed in pharmaceutical products in the Gaza Strip. A descriptive 

study was chosen to examine drug related data. The samples were selected from the north 

and the south governorates of the Gaza strip. Three pharmacy groups  of each area were 

selected, UNRWA, MOH and private pharmacies. According  to sample size, 150 tablets, 

40 suppositories and 10 syrups of paracetamol produced by different companies were 

randomly selected. For aspirin,138 tablets produced by  different companies were randomly 

selected. Paracetamol and aspirin products were assayed quantitatively by 

spectrophotometry and detected for impurities by TLC. The results were analyzed using 

SPSS. Statistically significance is considered when P-value was less than 0.05. Different 

TLC systems were examined to modify the test on impurities. Aspirin content ranged from 

82-103%, 52% of examined aspirin tablets did not meet the pharmacopoeial requirements. 

TLC examination of rejected samples showed detectable salicylic acid spots. No statistical 

significance was established between aspirin content and shelf-life. A remarkable variation 

among aspirin manufacturers was established. Aspirin and salicylic acid were quantified in 

the samples using spectroscopy without pre-separation. ë max of aspirin and salicylic acid 

were 275 and 303 nm in ethanol and glacial acetic acid (98 : 2), respectively. Paracetamol 

content ranged from 92-97%. All the examined dosage forms met the pharmacopoeial 

criteria. No impurities were detected in the tested paracetamol products. The statistical tests 

showed  no significance between paracetamol content and shelf life also no variation among 

manufacturers. Detection of  impurities were effectively performed by thin layer 

chromatography on silica gel plates using [Ethyl acetate: Acetic acid 200: 1 V/V] and 

[Toluene:  Acetone: Acetic acid  20ml: 20ml: 20 drops] as mobile phases for aspirin and 

paracetamol, respectively. Potassium dichromate solution 0.5% was used effectively to 

detect 0.005% para-aminophenol solution which represent the tolerance limit of 

pharmacopoeia. As a conclusion, aspirin tablets in the Gaza Strip show variation in their 

active ingredient contents. Salicylic acid was detected in many randomly selected samples. 

Paracetamol products were free of impurities and met  the pharmacopoeial requirements. 



 

 
 

IV

έΪϟ�κΨϠϣΔγ��

��ϩΰϏ�ωΎτϗ�ϰϓ�ϪϣΪΨΘδϤϟ�ϦϳήΒγϻ�ϭ�ϝϮϣΎΘϴγέΎΒϟ�ΕήπΤΘδϤϟ�ϪΒΣΎμϤϟ�ΐϮθϟ�Ϧϋ�ϒθϜϟ��

�űƀż�ũƒƃ�ťƆřŶř�ŇŒƍťƃŒ�ŗƆƚŪ��ŗƒőŒƍťƃŒ�ŖťœƆƃŒ�Ƒż�ťťšƆƃŒ�ƍšƈƃŒ�ƏƄŵ�ƑőœƒƆƒƂ�ƇœƒƂ�Ɗƒťƃ�ťŞƍƒ�ƙ�ƇƍƂƆ�ƐŊ�ƑƋ�ŔőŒƍŬƃŒ
���ƍ�ŴƒƈŮřƃŒ�ŗƒƄƆŵ�¾ƚŤ�ƇƍƂřř�ƑřƃŒƍ���œƌŕ�ŗƀƃœŶƃŒ�ŔőŒƍŬƃŒ�ƏƄŵ�œŰƒŊ�ťƆřŶř�ƇƂƃƍ���œƌŪŽƈ�ŗűŬƈƃŒ�ŖťœƆƃŒ�ŗƒƆŪ�ƏƄŵ
�¾ƄšřƃŒ� � ŘœƒƄƆŵ� Ƒż� œƆœƋ� Œŧƍť� ŗŰƍƆšƃŒ� ŗŞŧťƍ� ƊŕƍűŧƃŒ� �ŖŧŒŧšƃŒ� ŗŞŧť� ŔŶƄř� �ŗƒƈƙťƒŮƃŒ� ŘœŞřƈƆƃŒ� ƇƒŨŤř� ƍŊ
�ƊŕšœŮƆƃŒ� ŔőŒƍŬƃŒ� ťšŒ� ťƚƒƈœřƒŪŒƍŧƍƄƂ�Œŧœŕ� ŧŕřŶƒ� œƆƂ� ƁƒƄŤƃŒ�ůƆš� ƍ� ¾ƍƈƒżƍƈƒƆŒ�Œŧœŕ� ƏƃŒ� ¾Ƅšřƒ� ¾ƍƆœřƒŪŒŧœŕƃœż
�ƇƒŧŕŪƕŒƍ�¾ƍƆœřƒŪŒŧœŕƃŒ�ƇŒ�Śƒšƍ��ƁƒƄŤƃŒ�ůƆšƍ�ŻœŮŽŮƃŒ�ůƆš�ƏűŶƒƃ�¾Ƅšřƒ�ƍƌż�ƇƒŧŕŪƕŒ�ƁƃŦƂ��¾ƍƆœřƒŪŒŧœŕƄƃ
�ŗŕšœŮƆ�ƇƍƂř�ťſ�ƏřƃŒ�ŔőŒƍŬƃŒƍ�œƆƋŧœƒřŤŒ�ƅř��ťƀż�ŒŦƃ��ŗŽƄřŤƆƃŒ�ŗƒŧƆŶƃŒ�ŘœőŽƃŒ�Ƈƒŕ�œƆŒťŤřŪŒ�ŧśƂƕŒ�ŗƒƍťƕŒ��ƇƆ�ŧŕřŶř

ƌƃƆœƌƄƒƄšř�ƍ�œƌƈŵ�ŻŬƂƃŒ�ƅřƒƃ�œ��ŇŒƍťƃœŕ�ƊƀƄŶřƆƃŒ�ŘœƒűŶƆƃŒ�ŭšŽƃ�ƊƒŽŮƍ�ƊŪŒŧť�ŧœƒřŤŒ�ƅř�ůŧźƃŒ�ŒŦƋ�žƒƀšřƃ��ƅř�
ƚś�ŧœƒřŤœŕ�ŔƍƈŞƃŒƍ�¾œƆŬƃŒ�ƇƆ�ŖŨŹ�ųœűſ�ŘœŲżœšƆ�ƇƆ�ƇƒřƈśŒ�ƇƆ�ŗƈƒŶƃŒ�ŧœƒřŤŒ�ŗƀűƈƆ�¾Ƃ�ƇƆ�ŘœƒƃťƒŮ�ŗś�¾Ƃƃ�ŗŶŕœř

ƇƆ�ŒƍŧƈƍƙŒŭœŤƃŒ� ųœűƀƃŒƍ� ŗšŮƃŒ� ŖŧŒŨƍ�ŘœƒƃťƒŮ� �� �ŗƈƒŶƃŒ� ƅŞšƃ� œƀżƍƇœż�����ŭŧſ����ƊƄƒƆšř� ƍ����ŔŒŧŬ�
ƌŞřƈř�ƑřƃŒ�¾ƍƆœřƒŪŒŧœŕƃŒœ�ŗŽƄřŤƆ�ŘœƂŧŬœƒőŒƍŬŵ�œƋŧœƒřŤŒ�ƅř����ƇƒŧŕŪƖƃ�ŗŕŪƈƃœŕ�ŧœƒřŤŒ�ƅř�ťƀż�����ƇƆ�ƊŞřƈƆ�ŭŧſ�

ƏőŒƍŬŵ�¾ƂŬŕ�ƊŽƄřŤƆ�ŘœƂŧŬ�¾ŕſ���������������������������������������������������������������������������������������  
���Ƅšř�ƅř�ťſ�ƍ����������������ŗŕšœŮºƆƃŒ�ŔőŒƍŬƃŒ�Ƈŵ�ŻŬƂƃŒ�ƅř�œƆƂ�ƏƈƍƄƃŒ�ƏŽƒűƃŒ�¾ƒƄšřƃŒ�žŧű�ƅŒťŤřŪœŕ�ƇƒŧŕŪƙŒ�ƍ�¾ƍƆœřƒŪŒŧœŕƃŒ�¾ƒ

�žƒſŧƃŒ�ƏƀŕűƃŒ�ƏżŒŧŞƍřœƆƍŧƂƃŒ�¾ƒƄšřƃœŕ�ƇƒŧŕŪƙŒƍ�¾ƍƆœřƒŪŒŧœŕƄƃ����ŗƒőœŮºšƗŒ�ŗƆŨšƃŒ�ƅŒťŤřŪœŕ�ŘœƈœƒŕƃŒ�¾ƒƄšř�ƅř��ťſƍ
�ŗƒŵœƆřŞƙŒ�ƅƍƄŶƄƃŦ�ŧŕřŶř�ŚƒšŒ�ťºƈŵ�ƑőœŮšŒ�¾ƍƃťƆ�Ř���ŗºƆƒſ�ƇƍºƂř�œƆ.050< p ������¾ºƒƄšřƃŒ�ƇºƆ�ŗºŽƄřŤƆ�ŗºƆŲƈŒ�

žƒſŧƃŒ�ƏƀŕűƃŒ�ƏżŒŧŞƍřœƆƍŧƂƃŒŔőŒƍŬƃŒ�ŘŒŧœŕřŤŒ�ŧƒƍűřƃ�œƋŧœŕřŤŒ�ƅř����Ƈƒŕ�şƍŒŧřƒ�ƇœƂ�ƇƒŧŕŪƙŒ�ƎƍřšƆ���������
������ƇƆſŒ���������ƊƒƍťƙŒ�ŧƒřœŪť�œƌƒƄŵ�ŘŮƈ�ƑřƃŒ�ŧƒƒœŶƆƃœŕ�Żř�ƅƃ�ƇƒŧŕŪƙŒ�ŭŒŧ�����������ƇœºƂ�œƌŰżŧ�ƅř�ƑřƃŒ�ŘœƈƒŶƃŒ�ƁƄř�Ƒż�ƍ

������������¾ƒƄšřƃŒ�¾ƚŤ�¾Ş�œƂƒƄŪƃŒ�şŒƍƃŒ�ƏƄŵ�ŻœŮŽŮƃŒ�ůƆš�Ŵƀŕ�ťƍŞƍ�ŠŰřƒ�žƒſŧƃŒ�ƏƀŕűƃŒ�ƏżŒŧŞƍřœƆƍŧƂƃŒ���ƁœºƈƋ�ƇƂƒ�ƅƃ�
�������ŗƒšƚŮƃŒ�Ŗŧřż�ƍ�ƇƒŧŕŪƙŒ�ƎƍřšƆ�Ƈƒŕ�ƑőœŮšŒ�¾ƍƃťƆ�����������ƇƒŧŕŪƚƃ�ŗŶƈŮƆƃŒ�ŘœƂŧŬƃŒ�Ƈƒŕ�ũƍƆƄƆ�žŧż�ƁœƈƋ�ƇœƂ�œƆƈƒŕ

����ŗƃœŶŽƃŒ�ŖťœƆƃŒ�ƎƍřšƆ�Śƒš�ƇƆ�����ŻœŮŽŮƃŒ�ůƆš�ƍ�ƇƒŧŕŪƙŒ������������ƁºƃŦ�ƍ�žŕŪƆ�¾Ůż�Ƈƍťŕ�ŘœƈƒŶƃŒ�Ƒż�œƆƌřƒƆƂ�ťƒťšř�ƅř�
�ŭœŮřƆŒ�¾ƆœŶƆŕ�ƑƈƍƄƃŒ�ƑŽƒűƃŒ�¾ƒƄšřƃŒ�ƅŒťŤřŪœŕ�����ƍ����ƅŒťŤřŪœŕ�ƁƃŦ�ƍ�ŔƒřŧřƃŒ�ƏƄŵ�ŧřƆƍƈœƈ��¾ƍƈœśƒƙŒ��ůƆš

ŗŕŪƈŕ�ƁƒƄŤƃŒ���������ŔƒŦƆƂ���Ƈƒŕ�şƍŒŧřƒ�ƇœƂ�¾ƍƆœřƒŪŒŧœŕƃŒ�ƎƍřšƆ���������Žřř�ŘƈœƂ�ŗŮƍšŽƆƃŒ�ŘœƈƒŶƃŒ�¾Ƃ�ƍ�ž
���ŗƒƍťƙŒ�ŧƒřœŪť�ŧƒƒœŶƆ�ŴƆ�����ŧƌŲƒ�ƅƃ�ƑőœŮšƙŒ�ŧœŕřŤƙŒ�����ŗƒšƚŮºƃŒ�Ŗŧřż�ƍ�¾ƍƆœřƒŪŒŧœŕƃŒ�ƎƍřšƆ�Ƈƒŕ�ŗƒőœŮšŒ�ŗƃƙť�ƐŊ�

��������ŗŶƈŮƆƃŒ�ŘœƂŧŬƃŒ�Ƈƒŕ�ũƍƆƄƆ�žŧż�ƁœƈƋ�ƇƂƒ�ƅƃ�œƆƂ��������������¾ºƒƄšřƃŒ�ƅŒťŤřºŪœŕ�ƁƃŦ�ƍ�ŠŞœƈ�¾ƂŬŕ�ƅř�ŔőŒƍŬƃŒ�Ƈŵ�ŻŬƂƃŒ
��žƒſŧƃŒ�ƏƀŕűƃŒ�ƏżŒŧŞƍřœƆƍŧƂƃŒ����ŪƃŒ�ƇƆ�şŒƍƃŒ�ƏƄŵ��������ƅŒťŤřŪŒ�ƍ�ŗřŕœś�ŖťœƆƂ�¾Ş�œƂƒƄ���¾ƒśƒƙŒ�ŘƚŤ������ŗŕŪºƈŕ�ƁƒƄŤƃŒ�ůƆš

ŗƒƆŞš��200�:��(���œŰƒŒƍ�ƇƒƍƃƍřƃŒ��ƇƍřƒŪƙŒ�������ŗƒƆŞš�ŗŕŪƈŕ�ƁƒƄŤƃŒ�ůƆš���¾Ɔ������¾ºƆ�������ŗºűƀƈ�(���ťŒƍºƆƂ
�����Ŕƒřŧřƃœŕ�¾ƍƆœřƒŪŒŧœŕƃŒ�ƍ�ƇƒŧŕŪƙŒ�ƇƆ�¾Ƃƃ�ŗƂŧšřƆ��������Ƒż�şœŞƈŕ�ƅťŤřŪŒ�ƅƍƒŪœřƍŕƃŒ�ŘœƆƍŧƂ�Əƈœś�¾ƍƄšƆ�ŻŬƂƃŒ

���ŖťœƆ�ƇŵŒŧœŕ����ŨƒƂŧřŕ�¾ƍƈƒżƍƈƒƆŒ����������ŖťœƆƂ�ŗƒƍťƙŒ�ŧƒřœŪť�Ƒż�Ɗŕ�şƍƆŪƆƃŒ�ƏŮſƙŒ�ťšƃŒ�¾śƆř�ƏřƃŒ�ŗŕŪƈƃŒ�ƁƄř
ŗŕőœŬ���

���������ƇŒ�ƏƃŒ�ƊŪŒŧťƃŒ�ƉŦƋ�ƇƆ�œƈŮƄŤ�ťſ�ƍ������ŖŨŹ�ųœűſ�Əż�ƇƒŧŕŪƙŒ�ŭŒŧſŒ��ťſ���řšƆ�Əż�ŻƚřŤŒ�ŘŧƌŲŒ����ŗƃœŶŽƃŒ�ŖťœƆƃŒ�ƇƆ�œƋŒƍ
�ƇŒ�œƆƂ�������Ƒż�ƊŽŬƂ�ƅř�ŻœŮŽŮƃŒ�ůƆš�������������ŗºŪŒŧťƃŒ�¾ƚºŤ�œƒőŒƍŬºŵ�œºƋŧœƒřŤŒ�ƅř�ƏřƃŒ�ŘœƈƒŶƃŒ�ƇƆ�ŧƒśƂ����ŘŒŧŰºšřŪƆ

ŗƒƍťƙŒ�ŧƒřœŪť�ŧƒƒœŶƆ�Řƀƀš�ƍ�ŔőŒƍŬƃŒ�ƇƆ�ƍƄŤř�ŘƈœƂ�¾ƍƆœřƒŪŒŧœŕƃŒƊƒƆƃœŶƃŒ����
��
��
��
��



 

 
 

V

 

Abbreviations 

   ANOVA       Analysis Of Variance 
APIs   Active Pharmaceutical Ingredients 

ASA          Acetyl Salicylic Acid 
BP            British Pharmacopoeia 

   Eur. Ph.    European Pharmacopoeia                                                                                                                                                                   

GS          Gaza Strip 

HPLC            High Performance Liquid Chromatography 

ICH          International Conference on Harmonization  
MOH          Ministry Of Health  
NMT                                                                   Not More Than 

NSAIDs Non-Steroidal Anti-Inflammatory Drugs 

PAP          Para-Aminophenol  
       PCA          Para-Chloroacetanilide 

 Rf Resolution factor 

 SA Salicylic Acid 

 SPSS Statistical Package Of Social Science 

 TLC         Thin Layer Chromatography 
        USP               United State Pharmacopoeia 

     UV                                                         Ultraviolet 

  

                                                                                                                                                          

  

  

  



 

 
 

VI

  

                                      

List of tables 

Table (1) : Aspirin and salicylic acid content in tablets                                     ���61 
Table (2) : Crosstabs Chi square test for aspirin content in tablets                       62             

Table (3) : ANOVA test for aspirin tablets                                                          �62 

Table (4) : Post Hoc Tests for manufacturers of aspirin tablets.                         � 63 

Table (5) : Paracetamol content in tablets                                                           � 65 

Table (6) : Paracetamol content in syrup                                                              �66 

Table (7) : Paracetamol content in suppositories                                                  �66 

Table (8) : Crosstabs Chi square test for paracetamol content                             ��66                                      

Table (9) : ANOVA test for paracetamol dosage forms                                       ��67                                                              

Table (10) : Post Hoc Tests for manufacturers of paracetamol dosage forms       �67                                            

Table (11) : The Rf values of aspirin and salicylic acid in                                    �70 

                   mobile phases A, B and C.                                                                     

Table (12) : The Rf values of Paracetamol, P-aminophenol, P-chloroacetanilide  70 

                   in mobile phases A, B, C and D.                                                               

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

VII

 
 

 

List of figures 

Figure (1)  :  Hydrolysis of aspirin                                                                        ��6 

Figure (2)  : P-aminophenol, a degradation product of paracetamol                    ��7 

Figure (3)  : P-chloroacetanilide, paracetamol related substance                          ��7                                   

Figure (4)  : Synthesis of aspirin                                                                           �22 

Figure (5)  : Metabolism of aspirin                                                                        25 

Figure (6)   : Synthesis of paracetamol                                                                  34  

Figure (7)  : Metabolism of paracetamol                                                               37 

Figure (8)  : UV spectrum of aspirin                                                                      59 

Figure (9)  : UV spectrum of salicylic acid                                                            59  

Figure (10) : UV spectrum of aspirin tablet                                                            59 

 Figure (11) : Calibration curve for aspirin standard solution                                 60 

Figure (12) : Calibration curve of salicylic acid standard solution                        60
 

Figure (13) : Assay on salicylic acid  in aspirin tablets by TLC                            64                                    

Figure (14) : Calibration curve of paracetamol standard                                        65 

Figure (15) : Assay on impurities in paracetamol tablets by TLC                         68 

Figure (16) : Detection of  Para-aminophenol by color test.                                  69 

Figure (17) : Separation of aspirin impurities per TLC                                          71 

Figure (18) : Separation of paracetamol impurities per TLC                                 72 

                    

 

 

 

 

 



 

 
 

VIII 

 

 

 

 

List of content 
1. Declaration                                                                                                     I                                                                                                 

2. Acknowledgment                                                                                           II 

3. Abstract                                                                                                          III 

4. Arabic Summary                                                                                            IV 

5. Abbreviations                                                                                                 V 

6. List of tables                                                                                                  VI 

7. List of figures                                                                                                 VII 
8. List of contents                                                                                              VIII 

Chapter 1   Introduction 

1.1  Impurities and drug quality                                                                            1 

1.2 Stability of drugs                                                                                             3 

1.3  Aspirin                                                                                                            5 

1.4  Paracetamol                                                                                                    6 

1.5   Justification of the Study                                                                              7 

1.6   Problem Statement                                                                                        8 

1.7   Aim                                                                                                                8 

1.8   Objectives                                                                                                      8 

         Chapter 2   Literature Review 
2.1  Impurities in pharmaceutical products                                                           9 

2.2  Classification of impurities                                                                            10 

2.3  Formation of impurities                                                                                  13 

2.4  Determination of impurities                                                                           16 

2.5  Aspirin                                                                                                            21 

      2.5.1  History                                                                                                   21 

      2.5.2  Synthesis                                                                                                22 

    2.5.3  Physical properties                                                                                22 

    2.5.4  Mechanism of action                                                                             23 



 

 
 

IX

    2.5.5  Indications                                                                                             23 

    2.5.6  Doses                                                                                                     24 

    2.5.7  Pharmacokinetics                                                                                   24 

    2.5.8  Side effects                                                                                            26 

    2.5.9  Toxicity                                                                                                  27 

    2.5.10 Stability                                                                                              27 

    2.5.11  Assay                                                                                                 29 

    2.5.12 Impurities of aspirin                                                                           31 

           2.5.12.1 Salicylic acid                                                                            31 

           2.5.12.2 Assay of salicylic acid                                                              32 

2.6 Paracetamol                                                                                                    33 

2.6.1  History                                                                                                33 

2.6.2  Synthesis                                                                                             33 

2.6.3  Physical properties                                                                              34                                                                 

2.6.4  Mechanism of action                                                                           35 

2.6.5  Indications                                                                                           36 

        2.6.6  Doses                                                                                                  36 

   2.6.7  Pharmacokinetics                                                                                36 

   2.6.8  Side effects                                                                                          37 

   2.6.9   Toxicity                                                                                              39 

   2.6.10 Stability                                                                                              39 

   2.6.11 Assay                                                                                                  41 

   2.6.12 Impurities                                                                                           43 

   2.6.12.1 P-aminophenol                                                                          43 

   2.6.12.2  Assay of P-aminophenol                                                          44 

       2.6.12.3  P-chloroacetanilide                                                                   45 

       2.6.12.4  Assay of  P-chloroacetanilide                                                   46 

                                         Chapter 3  Methodology 

 3.1 Study Design                                                                                                47 

 3.2 Sample Size                                                                                                   47 

 3.3  Sampling                                                                                                      47 

              3.4 Inclusion Criteria                                                                                         47 

              3.5 Exclusion criteria                                                                                         48 



 

 
 

X

              3.6 Ethical consideration                                                                                    48   

              3.7 Limitation of the study                                                                                 48 

   3.8 Instruments and materials                                                                             48 

          3.8.1 Instruments                                                                                     48 

          3.8.2 Materials and reagents                                                                    48 

   3.9  Data analysis                                                                                           49 

 3.10 Quantitative determination of aspirin                                                     49 

        3.10.1 Standard of aspirin                                                                    49                                                                        

        3.10.2 Standard of salicylic acid                                                          49 

        3.10.3 Dilution process                                                                        50 

        3.10.4 Aspirin samples                                                                         50 

        3.10.5 Measurement                                                                             50 

3.11 Detection of impurities of aspirin                                                           51 

        3.11.1 Standard of aspirin                                                                    51 

        3.11.2 Standard of salicylic acid                                                          51 

        3.11.3 Aspirin tablets                                                                           51 

       3.11.4 Chromatography                                                                        51 

3.12 Quantitative determination of paracetamol                                             52 

         3.12.1 Paracetamol standard                                                               52 

         3.12.2 Dilution process                                                                       52 

         3.12.3 Paracetamol samples                                                                53 

3.13 Detection of impurities of paracetamol                                                   54 

            3.13.1 Tablets                                                                                      54 

            3.13.2 Syrups                                                                                       55 

            3.13.3 Suppositories                                                                            56 

 3.14  Detection of  Para-aminophenol( PAP) by color test                            57 

 3.15 Detection of impurities by TLC                                                              58 

Chapter 4   Results 
4.1 Quantitative determination of aspirin                                                         59                                                      

4.1.1 Calibration curve of aspirin                                                      60 

   4.1.2   Calibration curve of salicylic acid                                            60 

   4.1.3   Assay of aspirin tablet content                                                  61 

  4.1.4   The relationship between aspirin content and expired date      62 



 

 
 

XI

              4.1.5   The relationship between analyzed and reference content of   62 

                         aspirin                                                                                        

              4.1.6    The relationship between companies of  aspirin tablets          63 

4.2  Detection of impurities of aspirin tablets by TLC                                     63                                       

4.3  Quantitative determination of paracetamol                                                65 

       4.3.1  Calibration curve of paracetamol standard                                      65 

       4.3.2  Paracetamol content in  tablets                                                        65 

4.3.3  Paracetamol content in  syrup                                                         66 

       4.3.4  Paracetamol content in suppository                                                 66 

       4.3.5  The relationship between paracetamol content and expired date    66 

       4.3.6 The relationship between analyzed and  reference paracetamol      67      

                 content                                                                                                   

       4.3.7  The relationship between companies of  paracetamol dosage         67 

                  forms                     

4.4 Detection of impurities in paracetamol dosage forms                                68                                                             

4.5  Detection of  para-aminophenol( PAP) by color test                                 69 

4.6  Detection of aspirin impurities by TLC                                                     70 

4.7  Detection of paracetamol impurities by TLC                                            70 

Chapter 5  Discussion  
   5.1 Assay of aspirin                                                                                       73 

5.2  Detection of aspirin impurities (SA) by TLC                                         77 

      5.3 Assay of paracetamol                                                                               78 

   5.4 Detection of paracetamol impurities  by TLC                                          79 

   5.5  Color test of PAP                                                                                    80 

 
                   Chapter 6   Conclusions and Recommendations 

6.1 Conclusions                                                                                              81 

   6.2  Recommendations                                                                                   83 

   References                                                                                                     84 

                                          

 

 

 



 

���

 

                                                Chapter 1 

INTRODUCTION 
 

1.1 Impurities and drug quality 

An impurity in a drug is any chemical component that has no chemical entity defined as 

a drug substance. The safety of a drug depends not only on the toxicological properties 

of the active substance itself, but also on its pharmaceutical impurities, which consist of 

reaction by-products generated during synthesis of drug substances  and degradation 

products formed during the formulation manufacturing process and/or storage of drug 

substances or formulated products. Pharmaceutical impurities, also referred to as �related 

substances�, could often have pharmacological or toxicological relevance. Therefore, the 

presence of such impurities and their levels in products are indicators of product quality, 

which can impose risk to patient safety ( FDA 2003, FDA 2006 and Liu et al., 2007). 

According to the International Conference on Harmonization (ICH) guidelines on 

impurities in new drug products, identification of impurities below the 0.1% level is not 

considered to be necessary unless the potential impurities are expected to be unusually 

potent or toxic. In all cases, impurities should be qualified. If data are not available to 

qualify the proposed specification level of an impurity, studies to obtain such data may 

be needed (when the usual qualification threshold limits given below are exceeded). 

According to ICH, the maximum daily dose qualification threshold is considered as 

follows: when the administered dose of drug is less than or equals 2g/day the limit of the 

impurity is 0.1 % or 1 mg per day, but if the administered dose of drug is more than 

2g/day the limit of the impurity is 0.05% (ICH B 2000). 
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 Determination of drug impurity and drug degradation products are important issues for 

both pharmacological and toxicological perspectives. Development of analytical 

methods to determine impurities and degradation products during pharmaceutical 

development is necessary (Akay et al., 2008). 

Monographs of pharmacopoeia contain tests on impurities and related substances. They 

describe those tests not only for pure drug substance but also for different dosage forms 

containing one active ingredient or in combinations. Highly developed, expensive 

instrumental techniques are used often for this purpose. In monographs limit of an 

impurity to be detected in the drug is specified (USP 2009 and BP 2009). 

It is virtually impossible to have absolutely pure chemical compounds and even analytical 

pure chemical compounds contain minute trace of impurities. The chemical purity may be 

achieved as closely as desired provided that sufficient care is observed at different levels 

in manufacturing of a pharmaceutical. The level of purity of the pharmaceutical 

substances depends partly on the cost-effectiveness of the process employed, method of 

purification and stability of the final product. Setting higher standards of purity for 

pharmaceutical substances than that of desirable and pharmacologically safe level will unduly 

result in wastage of money, material and time. Purification of chemical compounds is a very 

expensive process hence one has to strike a balance in order to obtain a pharmaceutical 

substance at reasonable cost yet sufficiently pure for all pharmaceutical purposes (Bartos   

and Gorog, 2008). 
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1.2 Stability of drugs 

Stability of a pharmaceutical may be defined as the capability of a particular formulation, 

in a specific container/closure system, to remain within its physical, chemical, 

microbiological, therapeutic and toxicological specifications (Troy, 2006). 

The chemical stability of a drug in the desired dosage form is of great importance since 

therapeutic problems may result from poor drug stability. The net result of drug 

instability is that the patient does not receive the proper dose of the active drug entity, 

and therefore, the full therapeutic effect of the drug is not realized. Additionally, drug 

decomposition may yield toxic by-products which endanger the patient (Cunningham, 

1999). 

Although stability of a dosage form is often seen to be the responsibility of the 

manufacturer, this does not include removal from the original packaging. In electing to 

repackage a drug into a dose administration aid (DAA) (medication compliance 

device/unit-dose container), pharmacists must consider the implications of the transfer to 

a non-manufacturer pack on drug stability. Despite the widespread use of these devices, 

there is little available data on the stability of the drugs during repackaging or storage in 

DAAs (Troy, 2006).  

The industrial pharmacist must choose dosage form excipients and storage conditions that 

result in an acceptable fraction (generally 90-95% or greater) of the drug being present for 

an acceptable length of time. The hospital or retail pharmacist must observe the 

manufacturers storage recommendations. He/she must also be aware of the types of 

degradation that a particular drug is subject to since drug products are frequently 

repackaged at the time of dispensing (Cunningham, 1999). 
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Drug substances used at the present time range from small-molecular-weight chemicals 

to polymers such as proteins. In the future, products derived from genomic research will 

have to be included. Some drug substances are susceptible to chemical degradation 

under various conditions owing to their fragility of their molecular structure (Yoshioka 

et al., 1998). Other drug substances undergo physical degradation changes rather than 

chemical degradation, leading to various changes in their physical state. Chemical 

degradation and physical degradation of drug substances may change their 

pharmacological effects, resulting in altered efficacy, therapeutic as well as toxicological 

consequences. Because pharmaceuticals are used therapeutically based on their efficacy 

and safety, they should be stable and maintain their quality until the time of usage or 

until their expiration date. The quality should be maintained under the various 

conditions that pharmaceuticals encounter, during production, storage in warehouses, 

transportation and storage in hospital and community pharmacies, as well as in the 

home. Therefore, understanding the factors that alter the stability of pharmaceuticals and 

identifying ways to guarantee their stability are critical (Bartos and Gorog, 2008). 

Temperature, humidity and pH play an important role in degradation processes. For 

example paracetamol is hydrolyzed to p-aminophenol and acetic acid. Some impurities 

originate from the synthesis pathway. P-Chloroacetanilide is the most relevant related 

substance. Other  minor  substances  are  4-hydroxypropamide,  4-hydroxy  

acetophenoxime  and 4-acetoxyacetanilide (Mohamed et al.,1997, Bloomfield and Talanta 

2002 and Kamberi et al., 2004).  

Aspirin undergoes hydrolysis with the resultant degradation products being salicylic acid 

and acetic acid. Factors affecting the rate of aspirin hydrolysis were examined. The rate of 

the reaction is second order, since it depends not only upon aspirin concentration, but 

upon PH of the medium also (Flory 2003) . 
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Since paracetamol and aspirin are the most used non narcotic analgesics by different age 

groups, they and their accompanied impurities are chosen to be tested and assayed in 

pharmaceutical dosage forms. According to the drugs central stores  in  the Gaza Strip, 

about 200 thousands of  baby aspirin tablets and 300 thousands of paracetamol tablets 

are dispensed monthly to hospitals and clinics belong to the Ministry of Health (MOH) 

in the Gaza Strip (Palestinian MOH Central Stores, 2010). 

Most of the drugs dispensed in hospitals and clinics of MOH and UNRWA must pass 

the quality control tests. Recently a high percentage of drugs enter to the Gaza strip  as 

donations through Rafah border and received by the central stores. These drugs are 

subjected to very bad and uncontrolled conditions that may affect their stability. 

Requirements of the Palestinian MOH for quality control of drugs are restricted. The 

tests include assay for physical appearance, identification of active ingredient and 

content determination. In case of injections, sterility tests are asked. On the other hand 

there is no follow up for the drugs after leaving the stores to the pharmacies (Palestinian 

MOH, 2010). 

 1.3 Aspirin 

Aspirin (2-acetoxybenzoic acid) is acetyl salicylic acid (ASA), a non steroidal anti- 

inflammatory drug that is a derivative of salicylic acid. It is one of the most widely used 

and prescribed analgesic, antipyretic and anti-inflammatory agents. Because of its ability 

to bind irreversibly to blood platelets and inhibit platelet aggregation, aspirin is used 

prophylactically to prevent thromboembolic diseases (Rang et al., 2003). 

Aspirin is a moisture sensitive drug and can be hydrolyzed into acetic and salicylic acids 

when exposed to high humidity and elevated temperatures. The hydrolysis of aspirin 

involves the rupture of a covalent bond between a carbon atom and oxygen atom. These 

reactions usually happen in the presence of water but happen much faster when either an 
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acid or an alkali is present. Acids, alkalies and certain enzymes, which are capable of 

supplying the hydrogen or hydroxyl ions to the reaction mixture catalyze this hydrolysis. 

The alkaline hydrolysis of ester is irreversible but the acid hydrolysis is reversible 

(Merck Index, 1996). Salicylic acid and all the salicylates cause severe toxicity 

(salicylism) (Florey, 2003). Hydrolysis of aspirin is shown in figure (1). 

 

Aspirin

CO2H

O CH3

O H2O

Salicylic acid

CO2H

OH

Acetic acid

 CH3COOH+

 

  Figure (1) : Hydrolysis of aspirin 

 

1.4 Paracetamol 
 

Paracetamol  (N-(4-hydroxyphenyl)acetamide)  is usually  simply  abbreviated  as 

APAP,  for N-acetyl-para-aminophenol, often more commonly known by its alternative 

name acetaminophen. It's widely used for management of pain and fever in a variety of 

patients including children, pregnant women and the elderly (Page  and curtis, 2006). 

Paracetamol, is often the analgesic or antipyretic of choice in patients in whom salicylates 

or  other  NSAIDs  are contra-indicated.  Such patients include  asthmatics or those with  

a history of peptic ulcer, or children in whom salicylates are contra-indicated because of 

the risk of Reye's syndrome (Reynolds, 1999). 

 Paracetamol is hydrolyzed to p-aminophenol and acetic acid. Some impurities originate 

from the synthesis pathway like p-chloroacetanilide (Nageswara and Narasaraju 2006). 

Figure (2) and figure (3) show the formation of paracetamol related substances. 
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Figure (2) : P-aminophenol, a degradation product of paracetamol. 
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Cl
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O

H3C

4-Nitrochlorobenzene  

Figure (3) : P-chloroacetanilide, paracetamol related substance.   

                                               

1.5 Justification of the Study 

Today many drugs pass to the Gaza Strip through Rafah border, during which the drugs 

exposed to bad conditions like high temperature and moisture. There is a high probability 

for degradation. Some of these drugs reach the markets and administered by patients 

without being tested by quality control  laboratories.  

On the other hand storage conditions of drugs in hospitals and clinics belong to ministry 

of health and in private pharmacies can be bad and are not regularly controlled.  

Researcher had observed how many complications present with some drugs dispensed 

locally at MOH pharmacies. It was noticed, drugs were drawn after they were partially 

dispensed and consumed.  
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1.6  Problem Statement 

Since paracetamol and aspirin are of the most used drugs among different age groups, 

their dosage forms  are chosen to be tested and assayed on the presence of impurities and 

to estimate their levels. The drugs themselves and impurities can be toxic. 

The results can clarify the urgent need for improvement of quality control laboratories and 

development of policies to control marketing and dispensing of drugs especially in such 

political situation in the Gaza Strip. 

 1.7 Aim  

The aim of this study is to assay paracetamol and aspirin content and to detect their 

impurities (4-aminophenol, 4-chloroacetanilide and salicylic acid) in dosage forms used in 

the Gaza Strip by simple, available and rapid TLC methods. 

1.8 Objectives 

1. To assay paracetamol and aspirin contents in dosage forms used in the Gaza strip. 

2. To test the presence of impurities in paracetamol and aspirin dosage forms used in 

the Gaza strip.  

3. To develop and apply modified identification tests on impurities of aspirin and 

paracetamol dosage forms. 

4. To test the quality of aspirin and paracetamol dosage forms in the Gaza strip. 
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Chapter 2 
LITERATURE REVIEW 

  2.1 Impurities in pharmaceutical products 

Impurities in pharmaceutical products are the unwanted chemicals that remain with the 

active pharmaceutical ingredients (APIs), or develop during formulation, or upon aging 

of both APIs and formulated APIs to medicines. The presence of these unwanted 

chemicals even in small amounts may influence the efficacy and safety of the 

pharmaceutical products. Impurity profiling (i.e., the identity as well as the quantity of 

impurity in the pharmaceuticals), had got important critical attention from regulatory 

authorities. The Pharmacopoeia are slowly incorporating limits to allowable levels of 

impurities present in the APIs or formulations (USP 2009 and BP 2009).  

The development in this field in the last few decades has been very rapid and substantial. 

The majority of monographs in modern pharmacopoeias contain chromatographic 

(usually HPLC or TLC) tests suitable for the characterization of the impurity profile of 

the drug material. The development in the field of chromatographic and spectroscopic 

methods has led to changes in the philosophy, structure and requirements in the 

monographs of drug materials in the principal pharmacopoeias. Although the approaches 

of the European and US Pharmacopoeias are somewhat different, a common feature is 

the shift of focal point toward purity tests. In contrast to this, relatively few changes are 

observable in the field of the assay methods for bulk drug materials: non-selective 

titrimetric and spectrophotometric methods are still widely used (Winger and Kemp  

2006). 

 The International Conference on Harmonization (ICH) has published guidelines about 

impurities in new drug substances, products and residual solvents (ICH A 2000, ICH B 

2000 and ICH C 1997). 
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The different aspects of impurities including the governmental regulations and 

guidelines for the identification and monitoring of impurities in drug products were the 

subject for quality control experts who summarize and publish such guidelines in books 

(Ahuja 1998 and Gorog 2000).   

 A number of recent articles have described a designed approach and guidance for 

isolating and identifying process-related impurities and degradation products using mass 

spectrometry, Nuclear Magnetic Resonance (NMR), high-performance liquid 

chromatography (HPLC), Fourier transform ion cyclotron resonance mass spectrometry 

(FTICR-MS) and tandem mass spectrometry for pharmaceutical substances (Alsante et 

al., 2001, Lohr et al., 2001 and Winger and Kemp 2001). According to ICH guidelines 

on impurities in new drug products, identification of impurities below 0.1% is not 

considered to be necessary unless the potential impurities are expected to be unusually 

potent or toxic. In all cases, impurities should be qualified (ICH B 2000). 

2.2 Classification of impurities 

According to ICH guidelines, impurities associated with APIs are classified into the 

following categories : 

1. Organic impurities (process and drug-related)  

2. Inorganic impurities  

3. Residual solvents 

1- Organic impurities 

They arise during the manufacturing process and/or storage of the drug substance.  They 

include the following: 
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a. Starting materials or intermediates 

 These are the most common impurities found in every API unless a proper care is 

taken in every step involved in throughout the multi-step synthesis. Although the end 

products are always washed with solvents, there are chances of having the residual 

unreacted starting materials that remain unless the manufacturers are very careful 

about the impurities. In paracetamol bulk, there is a limit test for p-aminophenol, 

which could be a starting material for some one manufacturer or be an intermediate 

for the others (ICH A 2000). 

b. By-products 

In synthetic organic chemistry, getting a single end product with 100% yield is very 

rare; there is always a chance of having by-products. In the case of paracetamol bulk, 

diacetylated  paracetamol  may be formed as a by-product. 

c. Degradation products 

 Impurities can also be formed by degradation of the end product during 

manufacturing of bulk drugs. However, degradation products resulting from storage 

or formulation of different dosage forms or aging are common impurities in the 

medicines (Van Krimpen et al.,1987).  

d. Reagents, ligands and catalysts 

These chemicals are less commonly found in APIs; however, in some cases they 

may pose a problem as impurities. 

                  In general, an individual API may contain all of the above-mentioned types of organic 

impurities  at levels varying from negligible to significant (ICH A 2000). 



 

����

 

                              As organic impurities are the most common product as well as process-related 

impurities, it is the responsibility of both the manufacturers of APIs and the users (i.e., 

formulators) to take care of these impurities according to ICH guidelines. 

2. Inorganic impurities  

They are derived from the manufacturing processes used for bulk drugs. They are 

normally known and identified and include reagents, legends, catalysts, heavy metals 

and other materials (e.g., filter aids, charcoal). 

3. Residual solvents 

They are organic volatile chemicals used during the manufacturing process or generated 

during the production. It is very difficult to remove these solvents completely by the 

work-up process; however, efforts should be taken to the extent possible to meet the 

safety data. Some solvents that are known to cause toxicity should be avoided in the 

production of bulk drugs. Depending on the possible risk to human health, residual 

solvents are divided into 3 classes : 

Class I : solvents like benzene and carbon tetrachloride (not more than [NMT] 2 ppm ). 

Class II : solvents such as methylene chloride ( NMT 600 ppm), methanol (NMT 3000 

ppm), pyridine (NMT 200 ppm), toluene (NMT 890 ppm), N,N-dimethylformamide 

(NMT 880 ppm) and acetonitrile (NMT 410 ppm). 

Class III : solvents (acetic acid, acetone, isopropyl alcohol, butanol, ethanol and ethyl 

acetate) have permitted daily exposures of 50 mg or less per day. In this regard, ICH 

guidelines for limits should be strictly followed (Jacobs et al., 2005). 
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2.3 Formation of impurities  

The formulated dosage forms of API may contain impurities that form in various ways. 

1. Method related impurities  

Impurity is always formed in the production of a dosage form of drug. A known 

impurity, 1-(2,6-diclorophenyl)indolin-2-one is formed in the production of a parenteral 

dosage form of diclofenac sodium if it is terminally sterilized by autoclave (Roy et al., 

2001). 

2. Environmental related impurities  

The primary environmental factors that can reduce stability include the following: 

a. Exposures to adverse temperature: There are many APIs that are labile to heat 

or tropical temperatures. For example, vitamins as drug substances are very heat-

sensitive and degradation frequently leads to loss of potency in vitamin products, 

especially in liquid formulations. 

b. Light-especially ultraviolet light (UV): Several studies have reported that 

certain drugs are unstable under tropical conditions such as light and heat, a very 

low level of active ingredient was found in many field samples.  

c. Humidity: For hygroscopic products, humidity is considered a detrimental 

factor to both bulk powder and formulated solid dosage forms. Aspirin and 

ranitidine are classical examples (Walker et al., 1988, Hogerzeil et al., 1992  and 

Roy et al., 1997). 
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3. Dosage form factors related impurities 

Although the pharmaceutical companies perform pre-formulation studies including a 

stability study before formulation of dosage forms, sometimes the dosage form factors 

that influence drug stability force the company to recall the product. 

Fluocinonide Topical Solution in 60-mL bottles, was recalled in the United States 

because of degradation that leading to sub-potency  (FDA, 1998).  

 In general, liquid dosage forms are very much susceptable to both degradation and 

microbiological contamination. In this regard, water content, pH of the 

solution/suspension, compatibility of anions and cations, mutual interactions of 

ingredients, and the primary container are critical factors. 

Microbiological growth resulting from the growth of bacteria, fungi, and yeast in humid 

and warm environment may result in oral liquid products that are unusable for human 

consumption. Microbial contaminations may occur during the shelf life and subsequent 

consumer-use of a multiple-dose product due to inappropriate use of certain 

preservatives in the preparations, or because of the semi-permeable nature of primary 

containers (Hoq et al., 1991). 

a. Mutual interaction amongst ingredients 

Most vitamins are very labile and on aging they pose a problem of instability in 

different dosage forms, especially in liquid dosage forms. Degradation of vitamins 

such as folic acid, pantothenic acid, cyanocobalamin and thiamine do not give 

toxic impurities; however, potency of active ingredients drops below 

pharmacopoeial specifications (Buhler, 1988) . 
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Because of mutual interaction, the presence of nicotinamide in a formulation 

containing 4 vitamins (nicotinamide, pyridoxine, riboflavin, and thiamine) causes 

the degradation of thiamine to a sub-standard level within a 1-year shelf-life of 

vitamin B-complex injections (Roy et al., 1994).  

b. Functional group-related typical degradation 

- Hydrolysis: It is a common phenomenon for the ester type of drugs, especially in 

liquid dosage forms (Connor et al.,1986). Examples of ester hydrolysis include the 

following: Aspirin, benzocaine, cefotaxime, cocaine echothiophate, ethyl paraben 

and cefpodoxime proxetil (Connor et al.,1986 and Hoerle et al.,1992). 

- Oxidative degradation: Many drugs are susceptible for oxidative degradation 

like hydrocortisone, methotrexate, adinazolam, hydroxyl group directly bonded to 

an aromatic ring (e.g., phenol derivatives such as catecholamines and morphine), 

conjugated dienes (e.g., vitamin A and unsaturated free fatty acids), heterocyclic 

aromatic rings, nitroso and nitrite derivatives and aldehydes (e.g.,  flavorings) are 

all susceptible to oxidative degradation. 

- Photolytic cleavage: This occurs according to exposure of pharmaceutical 

products to light while being manufactured as a solid or solution, packaged, held in 

pharmacy shops or hospitals pending use, or held by the consumer pending use 

(Roy et al., 1994). 

Ergometrine,  Nifedipine, nitroprusside, riboflavin, and phenothiazines are very 

labile to photo-oxidation. In susceptible compounds, photochemical energy creates 

free radical intermediates which can perpetuate chain reactions. Most compounds 

will degrade as solutions when exposed to high energy UV (Kumar et al.,1992). 
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Fluoroquinolones antibiotics are found to be susceptible to photolytic cleavage 

(Smith et al., 2001). In ciprofloxacin eye drops preparation (0.3%), sunlight 

induces photocleavage reaction producing ethylenediamine analog of ciprofloxacin  

(Roy and Das, 2002).  

        - Decarboxylation: Some dissolved carboxylic acids, such as p-aminosalicylic acid, 

lose carbon dioxide from the carboxyl group when heated. Decarboxylation of 

rufloxacin  follow a  photoreaction (Condorelli et al., 1999). 

2.4 Determination of impurities 
 
 As a consequence of the key role of impurities in drug safety issues and the increasing 

demands regarding the quality/ purity of drug materials, impurity-related methods have 

become the most important parts of monographs of drug materials in pharmacopoeias. 

Official monographs for pharmaceutical substances provide description and information in 

addition to prescribing standards for the product and its storage conditions. An official 

monograph for a pharmaceutical substance generally includes the following : title, chemical 

formulae, chemical names, description, solubility, storage, test for purity including limits 

tests and assay. Test for purity for substances have been prescribed by the 

pharmacopoeias of the various countries in order to ensure reasonable freedom from the 

undesirable impurities. The so called �Test for purity� are in fact the tests for the 

presence of impurities in the substance and fix the limits of tolerance for these 

undesirable impurities. Tests for purity are not framed to guard against all the possible 

impurity rather they provide appropriate limitation of the potential impurities only 

(Gorog  and Barto 2008).  

The guiding factor for fixing a limit of tolerance for the various impurities is the amount 

of impurity that is likely to be harm. Arsenic and lead are quite dangerous even in trace 
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amounts therefore very small limits of tolerance have been fixed for their presence in all 

pharmaceutical substances. Another factor is the practicability of the commercial 

method of production of the substance meeting the requirements of a particular standard 

of purity. It would be useless to fix the limits of tolerance which can only be attained at 

a very high cost. There are cases in which the limits fixed in the pharmacopoeia were 

later relaxed because they were found to be too difficult to attain by the available 

methods of manufacturing. Some of the tests which may be undertaken to ascertain the 

purity of a substance are:  clarity of solution, color of solution, acidity or alkalinity, loss 

on ignition, loss on drying, moisture content and ash values ( Neelima, 2007). 

Pharmacopoeial control of impurities is mentioned in the general chapters under the title 

�General tests and assays�. In this section detailed description for quantitative and semi-

quantitative detection of impurities (e.g. heavy metals, iron, lead, selenium, mercury, 

chloride, sulfate, arsenic, aluminum,�..etc.). Related substances for a pharmaceutical 

substance or dosage form are specified in each monograph (USP 2009 and Bartos and 

Gorog, 2008). 

Thin-layer chromatography (TLC), is one of the methods still used for identity and 

standard limit tests of impurities, especially for those that are difficult or impossible to 

detect with liquid chromatography in pharmaceutical industry. The General Chapter on 

TLC in the Pharmacopoeia includes quantitative TLC using scanning densitometry and 

provides the acceptance criteria for resolution and limit of detection. An advancement of 

the thin layer chromatography HPTLC, is a well-known technique for the impurity 

isolation (Ferenczi-Fodor et al., 2006). 

The number of TLC applications is steadily decreasing, being replaced by HPLC 

methods that are considered more appropriate. The newest developments in instrumental 

TLC are more or less neglected by the pharmacopoeias, but can nevertheless be used by 

analysts in both research and quality control as it is a fast, relatively low-cost technique. 
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European Pharmacopoeial Committee openly invites members to change from TLC to 

HPLC  in the monographs. The USP�s policy is also to encourage the use of HPLC or 

GC-based assay procedures rather than TLC (Ahuja 1998 and Gorog 2000).   

The mechanistic adoption of this policy does not automatically provide an optimal 

solution in all cases. For norethindrone (norethisterone) acetate drug substance, the 

previous TLC method was changed to HPLC in USP 25. As this method turned out not 

to be suitable for the analysis of each potential impurity of this substance, a TLC 

procedure was included in parallel to the HPLC method in the first supplement to USP 

25. Now, both methods have to be used for comprehensive testing of the impurity profile 

of norethisterone acetate, according to USP 29. For the same reason, the new monograph 

of nandrolone decanoate in Ph. Eur. also contains parallel HPLC and TLC purity tests. 

Any change of a TLC procedure to HPLC in an updated pharmacopoeial monograph 

obliges the manufacturers to change from their previous TLC to the new mandatory 

pharmacopoeial HPLC procedures � independent of the analytical and regulatory costs � 

unless they can prove the equivalence of the procedures with extensive validation work 

(Gorog and Richter, 2008).   

In the majority of cases the use of traditional reversed phase (RP) HPLC conditions and 

UV detection has been reported. Several general studies support the selection of 

theoptimal chromatographic conditions. Van Gyseghem et al. investigated the 

orthogonality of 38 chromatographic systems with different stationary and mobile 

phases with different organic modifiers, pH and column temperature using 68 drug 

substances as model compounds. The same group described a method for screening RP-

HPLC columns (27 different brands) often used in impurity profiling studies based on 
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selectivity differences and overall separation performances (Van Gyseghem et al., 

2004). 

Capillary Electrophoresis (CE) is applicable for the separation of charged impurities, the 

first example for its use is related to ammonium ion. This is an important point since 

ammonium salts as impurities do not contribute to the residue on ignition and are 

usually not detected by HPLC or TLC methods (Gong et al., 2004).  

This limitation of (CE) in the separation and determination of impurities in drugs was 

overcomed by using electrophoresis- related chromatographic techniques like capillary 

electrochromatography (Orlandidni et al., 2004).  

The less up to date but very simple, useful and still widely used method of the structure 

elucidation of impurities in bulk drug materials and their formulations is the off-line 

method, i.e. the isolation of the impurities (semi) preparative HPLC using mainly 

octadecylsilica, sometimes octylsilica or bare silica supports are used. The application of 

solid phase extraction (SPE) and the combination of SPE with C18-preparative HPLC, 

moreover classical column chromatography using silica support and solvent-solvent 

extraction is also described (Shindle et al., 2007 and Abend et al., 2004). 

The structure elucidation is based mainly on 1H and 13C- NMR and Mass spectroscopy. 

In many cases infrared spectroscopy was also used. The application of UV spectroscopy 

and X-Ray diffractometry is also reported in a limited number of cases (Brenna et al., 

2007). 

 Due to the great importance of chiral aspects in drug biochemistry and pharmacology 

enantiomeric analysis is among hot topics in contemporary pharmaceutical analysis 

(Chankvetadze, 2007). 
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HPLC methods of enantiomeric separations are the most classical one, i.e. separation 

after derivatization by homochiral reagents to form diastereomers separable by a chiral 

columns seems to be well established (Zhang et al., 2004). 

The majority of new publication deals with the application of columns containing silica-

based chiral stationary phases (Thompson, 2005). 

Many monographs of chiral drugs in various pharmacopoeias contain enantiomeric 

purity check. Pharmacopoeias consider enantiomeric impurities as ordinary impurities. 

The limits are as strict as for other impurities (or sometimes even stricter). for example 

paroxetine hydrochloride has a limit of 0.1% for the (-) enantiomer in paroxetine using 

chiral stationary phase (USP, 2009). 

The differences between the chemical shift of enantiomers in a chiral environment can 

also be the bases of the determination of enantiomeric impurities in chiral drugs. This 

approach do not require separation of enantiomers but not sensitive as high as those of 

chromatographic and electrophoretic methods (Tarkanyi, 2002). 

Headspace GC is one of the most preferred techniques for identification of residual 

solvents. The advent of hyphenated techniques has revolutionized impurity profiling, by 

not only separation but structural identification of impurities as well. Among all 

hyphenated techniques, the most exploited techniques, for impurity profiling of drugs 

are LC-MS-MS, LC-NMR, LC-NMR- MS, GC-MS and LC-MS (Bari et al., 2007).                                                              

Quality control studies are performed on the bulk substance during manufacturing of 

dosage forms. Validated pharmaceutical analytical methods should be developed to face 

the requirements in each  pharmaceutical problem to select the best method.  
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Accurate and precise quantification of active compound together with it's impurities in 

the pharmaceutical formulations is necessary. Analytical methods must be simple, 

accurate, sensitive and rapid in order to provide better control of pharmaceuticals 

(Nageswara and Narasaraju, 2006, Vasanti and Sulabha, 2009). 

The stability indicating assay is a method that is employed for the analysis of stability 

samples in pharmaceutical industry. With the advent of International Conference on 

Harmonization (ICH) guidelines, the requirement of establishment of stability-indicating 

assay method (SIAM) has become more clearly mandated. The guidelines require 

conduct of forced decomposition studies under a variety of conditions like PH, light, 

oxidation, heat, etc.. and separation of drug from degradation products (ICH, 2000).  

The USP has a requirment listed under �Stability Studies Manufacturing�, which 

describes that samples of the products should be assayed for potency by the use of a 

stability- indicating assay (USP, 2009).The developed stability-indicating assay should 

meet the current regulatory requirments. Therefore, the assay should be validated. 

HPLC-technique is the major approach used for SIAM (Bakshi and Singh, 2002). 

2.5 Aspirin  

2.5.1 History  

Aspirin,  acetylsalicylic  acid (ASA),  was  first  synthesized  in 1893  by Felix Hofmann,  

a chemist worked in  the German firm of Bayer. This compound had the medicinal 

properties of salicylic acid, an extract of willow bark, without the unpleasant taste or the 

high degree of irritation of the mucous membranes lining the mouth, gullet and stomach 

(Rang et al., 2003). 
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2.5.2 Synthesis 

The synthesis of aspirin is an esterification reaction. Salicylic acid is treated with acetic 

anhydride, an acid derivative, causing a chemical reaction that turns salicylic acid's 

hydroxyl group into an acetoxy, (R-OH → R-OCOCH3). This process yields aspirin 

and acetic acid, which is considered a byproduct of this reaction as shown in figure (4). 

Small amounts of sulfuric acid (and occasionally phosphoric acid) are almost always 

used as a catalyst (Palleros 2000). 

Salicylic acid

CO2H

OH
O

+
CH3

O

CH3

O

Aspirin

CO2H

O CH3

OH

Acetic anhydrde  

        Figure (4) : Synthesis of aspirin. 

 

2.5.3 Physical properties 

Aspirin is a white, crystalline, weakly acidic substance, with a melting point of 135 °C 

(275 °F). Acetylsalicylic acid decomposes rapidly in solutions of ammonium acetate or of 

the acetates, carbonates, citrates or hydroxides of the alkali metals. Acetylsalicylic acid is 

stable in dry air, but gradually hydrolyses in contact with moisture to acetic and salicylic 

acids. In solution with alkalis, the hydrolysis proceeds rapidly and the clear solutions 

formed may consist entirely of acetate and salicylate (Reynolds 1999). 

Formulations containing high concentrations of aspirin often smell like vinegar due to the 

degradation product acetic acid (Barrans 2008). The acid dissociation constant (pKa) for 

acetylsalicylic acid is 3.5 at 25 °C (77 °F) (Carstensen et al., 1985). 
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2.5.4 Mechanism of action 

Aspirin's ability to suppress the production of prostaglandins and thromboxanes is due to 

its irreversible inactivation of the cyclooxygenase enzyme. Aspirin acts as an acetylating 

agent where an acetyl group is covalently attached to a serine residue in the active site of 

the cyclooxygenase enzyme. This makes aspirin different from other NSAIDs (such as 

diclofenac and ibuprofen), which are reversible inhibitors (Hla amd Neilson, 1992). 

 Prostaglandins are local hormones produced in the body and have diverse effects in the 

body, including the transmission of pain information to the brain, modulation of the 

hypothalamic thermostat and inflammation. Thromboxanes are responsible for the 

aggregation of platelets that form blood clots. Heart attacks are primarily caused by blood 

clots, and low doses of aspirin are seen as an effective medical intervention for acute 

myocardial infarction. The major side effect of this is that because the ability of blood to 

clot is reduced, excessive bleeding may result from the use of aspirin (Hla amd Neilson, 

1992). 

 2.5.5 Indications 

The major therapeutic use of ASA in providing relief from the pain of rheumatoid arthritis 

was recognized by Felix Hoffman, an employee of Bayer AG, in 1897, who administered 

ASA to his father, who tolerated ASA much better than other salicylates already in use 

(Rang et al., 2003). 

There are two distinct uses of aspirin for prophylaxis of cardiovascular events: primary 

prevention and secondary prevention. Primary prevention is about decreasing strokes and 

heart attacks in the general population of those who have no diagnosed heart or vascular 

problems. Secondary prevention concerns patients with known cardiovascular disease 

(Baigent et al., 2009). 
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Several basic science, population- based, and clinical trials have suggested a protective 

effect of   aspirin as well as non aspirin non steroidal anti-inflammatory drugs (NSAIDs), 

including cyclooxygenase-2 (COX-2) inhibitors, against colorectal adenomas and 

colorectal cancer. However, aspirin is not risk free; it can increase the risk for 

hemorrhagic stroke and gastrointestinal bleeding. Potential harms must be considered in 

light of the possibly long period of aspirin exposure used for colorectal cancer prevention 

(Dube et al., 2007). 

Aspirin is one of the first-line drugs used in the treatment of migraine, bringing relief in 

50�60% of the cases (Tfelt, 2008). It is as effective as a newer triptan medication 

sumatriptan (Imitrex) and other painkillers such as paracetamol or ibuprofen. The 

combination of aspirin, paracetamol and caffeine is even more potent for the treatment of 

migraine headache. Similarly to all other medications for migraine, it is recommended to 

take aspirin at the first signs of the headache (Lampl et al., 2007, Diener et al., 2004{I}, 

Diener et al., 2004{II}, Goldstein et al., 2005 and Goldstein et al., 2006). 

2.5.6 Doses  

The ASA content of a standard aspirin tablet is 325 mg. Extra-strength or arthritis-

strength tablets contain 500 mg. For other uses tablets containing 160, 100, 75, 400 and 

81 mg are available (Kauffman, 2000). 

2.5.7 Pharmacokinetics 

Acetylsalicylic acid is a weak acid, and very little of it is ionized in the stomach after oral 

administration. Acetylsalicylic acid is poorly soluble in the acidic conditions of the 

stomach, which can delay absorption of high doses for 8 to 24 hours. Aspirin is rapidly 

absorbed in the small intestine according to the increased pH and surface area, which in 

turn allows more of the salicylate to dissolve. Owing to the issue of solubility, however, 

aspirin is absorbed much more slowly during overdose, and plasma concentrations can 
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continue to rise for up to 24 hours after ingestion. About 50-80% of salicylate in the blood 

is bound by protein while the rest remains in the active, ionized state. Saturation of 

binding sites leads to more free salicylate and increased toxicity. The volume of 

distribution is 0.1-0.2 l/kg. Acidosis increases the volume of distribution because of 

enhancement of tissue penetration of salicylates (Florey 2003) .  

As much as 80% of therapeutic doses of salicylic acid is metabolized in the liver. 

Conjugation occur with glycine and with glucuronic acid. These metabolic pathways have 

only a limited capacity. Small amounts of salicylic acid are also hydroxylated to gentisic 

acid. With large salicylate doses, the kinetic switches from first order to zero order, as 

metabolic pathways become saturated and renal excretion becomes increasingly 

important. Figure (5) illustrates the metabolic pathways of aspirin. 

 

 

       Figure (5) : Metabolism of aspirin. 
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Salicylates are excreted mainly by the kidneys as salicyluric acid (75%), free salicylic 

acid (10%), salicylic phenol (10%) and acyl glucuronides (5%), and gentisic acid (< 1%). 

When a small dose (less than 250 mg in an adult) is ingested, all pathways proceed by 

first-order kinetics, with an elimination half-life of 2 to 4.5 hours. When higher doses of 

salicylate are ingested (more than 4 g), the half-life becomes much longer (15-30 hours). 

Renal excretion of salicylic acid becomes increasingly important as the metabolic 

pathways become saturated, because it is extremely sensitive to changes in urinary pH. 

There is a 10 to 20 fold increase in renal clearance when urine pH is increased from 5 to 

8. The use of urinary alkalinization exploits this particular aspect of salicylate elimination 

(Levy and Tsuchiya,1972). 

2.5.8 Side effects 

Aspirin use has been shown to increase the risk of gastrointestinal bleeding. Although 

some enteric coated formulations of aspirin are advertised as being "gentle to the 

stomach". Combining aspirin with other NSAIDs has also been shown to further increase 

this risk. Using aspirin in combination with clopidogrel or warfarin also increases the risk 

of upper gastrointestinal bleeding. Large doses of salicylate, a metabolite of aspirin, have 

been proposed to cause tinnitus (ringing in the ears) based on the experiments in rats 

(Bryant and Knights, 2006).  

Reye's syndrome, a severe illness characterized by acute encephalopathy and fatty liver, 

can occur when children or adolescents are given aspirin for a fever or other illnesses or 

infections. From 1981 through 1997, 1207 cases of Reye's syndrome in under-18 years 

patients were reported in the U.S. Centers for Disease Control and Prevention. Of these, 

93% reported being ill in the three weeks preceding onset of Reye's syndrome, most 

commonly with a respiratory infection, chickenpox, or diarrhea. Salicylates were 

detectable in 81.9% of children for whom test results were reported (Nelson et al., 2007). 



 

����

 

2.5.9 Toxicity 

Aspirin overdose or salicylism can be acute or chronic. In acute poisoning, a single large 

dose is taken; in chronic poisoning, higher than normal doses are taken over a period of 

time. Acute overdose has a mortality rate of 2%. Chronic overdose is more commonly 

lethal with a mortality rate of 25%; chronic overdose may be especially severe in children 

(Gaudreault et al., 1982).  

The acutely toxic dose of aspirin is generally considered greater than 150 mg per kg of 

body mass. Moderate toxicity occurs at doses up to 300 mg/kg, severe toxicity occurs 

between 300 to 500 mg/kg, and a potentially lethal dose is greater than 500 mg/kg. 

Chronic toxicity may occur following doses of 100 mg/kg per day for two or more days 

(Temple 1981). 

 Symptoms may range from mild nausea and vomiting, abdominal pain, lethargy, tinnitus, 

and dizziness to severe such as seizure or cerebral edema depending on the dose 

consumed. Toxicity is managed with a number of potential treatments including: activated 

charcoal, intravenous dextrose and normal saline, sodium bicarbonate and dialysis (Marx, 

2006). During the latter part of the 20th century, the number of poisonings from salicylates 

declined, mainly because of the increased popularity of other over-the-counter analgesics 

such as paracetamol (Litovitz et al., 2001). 

2.5.10 Stability  
 

Aspirin is stable in dry air, but readily hydrolyzes to acetate and salicylate when exposed 

to water or moist air. It will then exude a strong vinegar-like odor. The addition of heat 

will speed the rate of hydrolysis. In aqueous solutions, aspirin is most stable at pH�s of 

2-3 and least stable at pH�s below 2 or greater than 8 (Flory 2003).  
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An early study of pH- profile was applied to aspirin overall velocity constant for aspirin 

hydrolysis at 17oC as a function of PH (Edwards, 1950). 

Hydrolysis of aspirin to salicylic acid was of concern to the pharmacologist Dressor, 

who in 1899 prepared what nowadays one would call a preformulation profile. He tested  

the hydrolysis of aspirin in acid and alkaline solutions and determine hydrolysis 

constants of 3.3x10-4 at body temperature in acid medium and 2.5x10-2 at room 

temperature in alkaline medium. He also observed that aspirin was easily split in weakly 

alkaline medium which had consequences for the metabolism. He established the first 

profile for the pH dependence of hydrolysis of aspirin. Of course, the definition of pH 

was unknown at the time (Flory, 2003). 

The test for free salicylic acid is a required test on all samples of aspirin powder. Aspirin 

hydrolysis takes place even when the drug is in the solid powder form. The hydrolysis of 

aspirin involves the rupture of a covalent bond between a carbon atom and oxygen atom. 

This happens in the presence of water and much faster when either an acid or an alkali is 

present. Acids, alkalies and certain enzymes, which are capable of supplying the hydrogen 

or hydroxyl ions to the reaction mixture catalyse this hydrolysis. The alkaline hydrolysis of 

an ester is irreversible while an acid hydrolysis is reversible. The aspirin hydrolysis rate 

increases in direct proportion to the water vapor pressure in an environment. Coating 

process subjects ASA tablets to both high temperatures and humidity and thus to more 

degradation so it is important that the formulation is resistant to moisture interaction 

(Cunningham et al., 2001). 

Many studies concerning aspirin stability were performed. During manufacturing certain 

hydrophilic disintegrants combine with ASA under high humidity conditions (Mitreveg and 

Hollenbeck, 1983).  
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Further work was applied to study aqueous coating solutions effect on ASA tablets. The 

results confirmed that moisture penetration during the coating process was not only 

formulation dependent but could be directly linked to the stability of the final coated ASA 

tablet (Cunningham et al., 2001). 

The effect of alkaline moieties of the antacid on the chemical stability of aspirin was 

studied. The results revealed that the presence of the alkaline moieties in the tested tablets 

has increased the rate of aspirin decomposition and reduces its shelf-life (Al-Gohary and 

Al-Kassas, 2000). 

The percentage of hydrolysis is higher in effervescent and buffered tablets, as a result the 

limit of salicylic acid listed in the pharmacopoeia  is higher than compressed aspirin tablets 

(Flory 2003). Effervescent tablets are uncoated tablets that generally contain acid 

substances and carbonates or bicarbonates, and that react rapidly in the presence of water 

by releasing carbon dioxide. Effervescent products are not stable in the presence of 

moisture. Most effervescent products are hygroscopic and can therefore adsorb enough 

moisture to initiate degradation if they are not suitably packaged (Gauniya et al., 2010).  

Aspirin tablets should be stored in tight, moisture resistant containers with suitable 

conditions of temperature and moisture. Products should not be used if a strong vinegar-

like odor is noted emitting from the bottle of aspirin. 

(BP 2009 and USP 2009). 

2.5.11  Assay  

The analysis of aspirin with its precursor and degradation product salicylic acid, is 

difficult. Residual salicylic acid was determined by the convenient reaction with ferric 

salts (typical for phenols), which gives a violet complex with salicylic acid. Ferric salts 

are described for identification of aspirin after being hydrolyzed (BP,2009 and USP, 

2009). 
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In USP aspirin as a bulk drug is assayed by titration with 0.5N sulphuric acid after pre-

treatment with 0.5 N NaOH, using phenolphthalin as indicator. Aspirin tablets are assayed 

by liquid chromatography using  mobile phase which is prepared by dissolving 2g of 

sodium 1- heptansulfonate in a mixture of 850 ml of water and 150 ml of acetonitrile and 

adjust pH with glacial acetic acid to 3.4. The solvent system is a mixture of acetonitrile and 

formic acid (99:1), the liquid chromatograph is equipped with a 280-nm detector and a 4.0-

mm î 30-cm column containing packing L1 (USP 2009). Aspirin as a bulk drug and 

tablets are assayed in the BP by titration with 0.5M hydrochloric acid after pre-treatment 

with 0.5 M sodium hydroxide using phenolphthalein solution as indicator and ethanol used 

as a solvent (BP' 2009).  

A rapid, simple assay procedure was developed for simultaneous analysis of ASA and SA 

in aspirin delayed-release tablet formulation by �zero crossing� second-derivative UV 

spectrophotometry. The zero-order absorption spectra and second derivative spectra of 

ASA and SA were recorded in diluting solution acetonitrile : formic acid (99:1). The 

accuracy of the method was demonstrated by the determination of ASA and SA in five 

tablets formulations (each 20 tablets of the same batch) by the described method and by 

high performance liquid chromatographic method. The results were in good agreement 

(Kokot and Burda 1998).  

A recent, simple, accurate, and precise HPTLC method has been established for separation 

and simultaneous analysis of aspirin, salicylic acid, and sulfosalicylic acid. Standard and 

sample solutions of aspirin, salicylic acid and sulfosalicylic acid were applied to aluminum 

foil silica gel G 60 F254 HPTLC plates impregnated with 2% ( w/v ) boric acid in ethanol. 

The plates were developed with chloroform-methanol-ammonia-water 120:75:2:6 (v/v) as 

mobile phase. UV detection was performed at 254 nm (Panahi et al., 2010) . 
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An effective separation of paracetamol, caffeine and aspirin was achieved by using 

adsorbents with immobilized nitrile groups. It was also studied the effects of the 

concentration of acetonitrile and potassium phosphate in the mobile phase and pH of the 

mobile phase on the retention time of analytes and a possible additive like salicylic acid. In 

comparison to a column with a C18 adsorbent used earlier for routine analysis, the 

chromatograms obtained were characterized by higher separation efficiency, while the 

proposed separation procedure is more cost-effective and rapid (Golubitskii 2007). 

 

Simultaneous spectrophotometric analysis of a ternary mixture containing aspirin, 

paracetamol and caffeine was achieved. The absorbance of a solution of the mixture in 

0.01 M hydrochloric acid was recorded at wavelengths 229, 244 and 274 nm. (Sharma et 

al., 1990). 

2.5.12 Impurities of aspirin 

Hydrolysis of aspirin can be a major factor in the stability of the drug. Aspirin undergoes 

hydrolysis with the resultant degradation products being salicylic acid and acetic acid 

(Florey 2003). 

2.5.12.1 Salicylic acid 

Salicylic acid occurs as white, fine needle-like crystals or as a fluffy,  white, crystalline 

powder. It is stable in the air (USP, 2009). Not only salicylic acid but all the salicylates 

cause severe toxicity (salicylism). The most toxic salicylate is oil of wintergreen (methyl 

salicylate). One teaspoon of 98% methyl salicylate contains 7000 mg of salicylate, the 

equivalent of nearly 90 baby aspirin tablet and more than 4 times the potentially toxic dose 

for a child who weighs 10 kg. The early symptoms of salicylism are CNS stimulation with 

vomiting, hyperpnoea, hyperactivity, hyperthermia and even convulsions. This quickly 

turns to depression, with lethargy, respiratory failure and collapse (Florey, 2003). 
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2.5.12.2 Assay of  salicylic acid 

Salicylic acid limits according to USP are (NMT 0.1%) in bulk drug, (NMT 0.3%) in 

compressed aspirin tablets, (NMT 3.0%) in effervescent and buffered aspirin tablets and 

(NMT 4.0%) in coated tablets. Salicylic acid  is assayed in USP by liquid chromatography 

using the same mobile phase and solvent system that previously mentioned in the assay of 

aspirin tablets (USP 2009).  

The BP describes limits for salicylic acid (NMT 0.1%) in bulk drug, (NMT 3.0%) in 

aspirin tablets of different dosage forms. Salicylic acid is assayed in BP by color test using 

ammonium ferric sulphate solution that resulted in the formation of a complex with a 

violet colour (BP, 2009). 

Spectrophotometric determination of salicylic acid in aspirin was described by Wahbi et 

al. A portion of powdered tablets or bulk aspirin was extracted with ethanolic 1% 

monochloracetic acid. After filtration, the first derivative spectrum of the solution, was 

recorded. The trough at 316 nm was used for the determination of salicylic acid (Wahbi 

et al.,1989). 

Determination of salicylates in biological fluids is of interest for several purposes. It can be 

done by several methods like gas-liquid chromatography (GLC). High performance liquid 

chromatography (HPLC) is an alternative to GLC but  more complex and time consuming. 

Spectrophotometry is the earliest and most widely used method for measuring serum 

salicylate level. Colorimetry is a method where salicylic acid is determined by measuring 

the absorbance of the ferric ion salicylate complex, it  is simple, inexpensive, rapid and 

very reliable, however it measures salicylates rather than ASA (Klimes et al.1992 and Juhl 

and krichhoefer, 1980).     
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2.6 Paracetamol 

2.6.1 History 
 Paracetamol is part of the class of drugs known as aniline analgesics,  it is the only such 

drug still in use today (Bryant and Knights, 2006). 

The first observations about the analgesic and antipyretic properties of paracetamol were 

made back in the late nineteenth century when alternative compounds were being sought to 

reduce fever in the treatment of infections.The antipyretics commonly used at the time 

consisted of preparations of natural compounds such as cinchona bark, from which quinine 

is derived, or galenicals based on willow bark, the earliest source of salicylate. Cinchona 

bark became in short supply and cheaper synthetic substitutes were needed. Two 

alternatives that were developed included acetanilide in 1886 and phenacetin in 1887, both 

of which had the advantage over quinine of possessing both antipyretic and analgesic 

properties. In 1893, another compound, now known as paracetamol, was noted also to have 

a prompt analgesic and antipyretic action (Silverman et al., 1992).  

Paracetamol was first marketed in the United States in 1953 by Sterling-Winthrop Co., 

which promoted it as preferable antipyritic to aspirin since it was safe to take for children 

and people with ulcers. In 1963, paracetamol was added to the British Pharmacopoeia, and 

has gained popularity since then as an analgesic agent with few side-effects and little 

interaction with other pharmaceutical agents (Bryant and Knights, 2006). 

2.6.2 Synthesis 

Synthesis of paracetamol is an easy one since it lacks chiral centers as in other analgesics.  

As a result, there is no need to design a stereo-selective synthesis. Industrial preparation of 
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paracetamol usually proceeds from nitrobenzene (Travis, 2007). A one-step reductive 

acetamidation reaction can be mediated by thioacetate (Bhattacharya et al., 2006). 

Paracetamol may be easily prepared in the laboratory by nitrating phenol with sodium 

nitrate, separating the desired p-nitro phenol from the ortho- byproduct and reducing the 

nitro group with sodium borohydride. The resultant p-aminophenol is then acetylated with 

acetic anhydride. In this reaction, phenol is strongly activating, thus the reaction requires 

mild conditions (Frank, 2002). Figure ( 6 ) illustrates the synthesis of paracetamol. 

 

Figure (6) : Synthesis of paracetamol.  

2.6.3 Physical Properties 

Paracetamol is a white or almost white, crystalline powder. Sparingly soluble in water, 

freely soluble in alcohol, very slightly soluble in methylene chloride (USP, 2009). 

Paracetamol consists of a benzene ring core, substituted by one hydroxyl group and the 

nitrogen atom of an amide group in the para (1,4) pattern. The amide group is acetamide 

(Ethanamide). It is an extensively conjugated system, as the lone pair on the hydroxyl 

oxygen, the benzene pi cloud, the nitrogen lone pair, the p orbital on the carbonyl carbon, 

and the lone pair on the carbonyl oxygen are all conjugated. The conjugation also greatly 
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reduces the basicity of the oxygen and the nitrogen, while making the hydroxyl acidic 

through delocalization of charge developed on the phenoxide anion (Florey, 2003). 

2.6.4 Mechanism of action 

Acetaminophen is thought to act primarily in the CNS, increasing the pain threshold by 

inhibiting both isoforms of cyclooxygenase, COX-1 and COX-2, enzymes involved in 

prostaglandin (PG) synthesis. Cyclooxygenase is an enzyme that is responsible for the 

formation of prostanoids. The three main groups of prostanoids are prostaglandins, 

prostacyclins and thromboxanes, which are involved in the inflammatory response. In the 

1990s, researchers discovered that two different COX enzymes existed, now known as 

COX-1 and COX-2. Cyclooxygenase-1 (COX-1) is known to be present in most tissues. In 

the gastrointestinal tract, COX-1 maintains the normal lining of the stomach. The enzyme 

is also involved in kidney and platelet function. Cyclooxygenase-2 (COX-2) is primarily 

present at sites of inflammation. While both COX-1 and COX-2 convert arachidonic acid 

to prostaglandin, resulting in pain and inflammation, their other functions make inhibition 

of COX-1 undesirable while inhibition of COX-2 is considered desirable (Thomas, 1993). 

Acetaminophen does not inhibit cyclooxygenase in peripheral tissues and, thus, has no 

peripheral anti-inflammatory affects. Studies have found that acetaminophen indirectly 

blocks COX, and that this blockade is ineffective in the presence of peroxides. This might 

explain why acetaminophen is effective in the central nervous system and in endothelial 

cells but not in platelets and immune cells which have high levels of peroxides. Studies 

also reported that acetaminophen selectively blocks a variant of the COX enzyme that is 

different from the known variants COX-1 and COX-2. This enzyme is now referred to as 

COX-3. Its exact mechanism of action is still poorly understood, but future research may 

provide further insight into how it works (Hla and Neilson 1992 and Rang et al., 2003). 
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2.6.5 Indications 
 
Paracetamol is widely used for management of pain and fever. It is  part of the class of 

drugs known as aniline analgesics, it is the only such drug still in use today (Bertolini et 

al., 2006). It is the active metabolite of phenacetin, once popular as an analgesic and 

antipyretic in its own right, but unlike phenacetin and its combinations, paracetamol is not 

considered to be carcinogenic at therapeutic doses (Bergman et al., 1996). Paracetamol is 

often classified as a non steroidal anti-inflammatory drug, but it has few anti-inflammatory 

effects in many tissues. However, aspirin, paracetamol and other NSAIDs all act by the 

same mechanism (inhibition of prostaglandin synthesis) and all show varying levels of 

analgesic, anti-inflammatory and antipyretic actions (Bryant and Knights, 2006). 

2.6.6 Doses 

The use of paracetamol is safe when it is taken  at recommended doses (1,000 mg per single 

dose and up to 4,000 mg per day for adults, up to 2,000 mg per day if drinking alcohol). 

The paracetamol content of a standard paracetamol tablet is 500 mg.  (Daly et al., 2008). 

2.6.7 Pharmacokinetics 

Acetaminophen is metabolized primarily in the liver, where most of it is converted to 

inactive compounds by conjugation with sulfate and glucuronide, and then excreted by the 

kidneys. Only a small portion is metabolized via the hepatic cytochrome P450 enzyme 

system. The toxic effects of acetaminophen are due to a minor alkylating metabolite (N-

acetyl-p-benzo-quinone imine), not acetaminophen itself nor any of the  major metabolites. 

This toxic metabolite reacts with sulfhydryl groups. At usual doses, it is quickly detoxified 

by combining irreversibly with the sulfhydryl group of glutathione to produce a non-toxic 

conjugate that is eventually excreted by the kidneys (Imming et al., 2006).  

The metabolic pathway of paracetamol is summarized in figure (7). 
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   Figure (7) : Metabolism of paracetamol. 

 

2.6.8 Side effects 

In recommended doses, paracetamol does not irritate the lining of the stomach, affect 

blood coagulation as much as NSAIDs, or affect function of the kidneys. However, 

some studies have shown that high dose-usage (greater than 2,000 mg per day) does 

increase the risk of upper gastrointestinal complications such as stomach bleeding. 

Paracetamol is safe during pregnancy, and does not affect the closure of the fetal ductus 

arteriosus as NSAIDs do. Unlike aspirin, it is safe in children, as paracetamol is not 

associated with a risk of Reye's syndrome in children with viral illnesses. Like NSAIDs 

and unlike opioid analgesics, paracetamol has not been found to cause euphoria or alter 

mood in any way (Bryant and Knights, 2006). .  
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In 2008, a study on the long term side effects of paracetamol in children was published. 

It was conducted on over 200,000 children in 31 countries. The study found that the use 

of paracetamol for fever in the first year of life was associated with an increase in the 

incidence of asthmatic symptoms at 6�7 years. It was also established that paracetamol 

use, both in the first year of life and in children aged 6�7 years, was associated with an 

increased incidence of rhino conjunctivitis and eczema (Beasley et al., 2008 ). 

Excessive use of paracetamol can damage multiple organs, especially the liver and 

kidney. In both organs, toxicity from paracetamol is not from the drug itself but from 

one of its metabolites, N-acetyl-p-benzoquinoneimine (NAPQI). In the liver, the 

cytochrome P450 enzymes CYP2E1 and CYP3A4 are primarily responsible for the 

conversion of paracetamol to NAPQI. In the kidney, cyclooxygenases are the principal 

route by which paracetamol is converted to NAPQI. Paracetamol overdose leads to the 

accumulation of NAPQI, which undergoes conjugation with glutathione GSH. This 

conjugation depletes glutathione, a natural antioxidant. This in combination with direct 

cellular injury by NAPQI, leads to cell damage and death (Bradley, 1996). 

Acetaminophen use apparently increases the ratio of end stage renal failure in patients 

with a variety of underlying renal diseases, including diabetic nephropathy. This may 

reflect the fact that tubulointerstitial changes (the typical analgesic-mediated injury) 

influence the progression of damage in a variety of renal diseases (Bertolini et al., 2006). 

When acetaminophen is used in fixed combination with other agents (e.g., 

antihistamines, nasal decongestants, opiate agonists), the usual cautions, precautions, 

and contraindications associated with these agents must be considered in addition to 

those associated with acetaminophen (McEvoy, 2007).  
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Paracetamol��should be given with care to patients with impaired kidney or liver 

function. It should also be given with care to patients with alcohol dependence  

(Reynolds 1999). 

2.6.9 Toxicity 

The toxic dose of paracetamol is highly variable. In adults, single doses above 10 grams or 

200 mg/kg of bodyweight, whichever is lower, have a reasonable likelihood of causing 

toxicity (Dart et al., 2006 and Daly et al., 2008). 

Acetaminophen toxicity may result from a single toxic dose, from repeated ingestion of 

large doses of acetaminophen (e.g. 7.5-10 g daily for 1-2 days), or from chronic 

ingestion of the drug. Dose-dependant, hepatic necrosis is the most serious acute toxic 

effect associated with over dosage and is potentially fatal (McEvoy, 2007). 

Acute overdose of paracetamol can cause potentially fatal liver damage. A normal dose 

can be hepatotoxic by alcohol consumption. Paracetamol toxicity is the foremost cause 

of acute liver failure in the Western world and accounts for most drug overdoses in the 

United States, the United Kingdom, Australia and New Zealand (Daly et al., 2008, 

Khashab et al., 2007, Hawkins and Edwards, 2007 and Larson et al., 2005). 

2.6.10 Stability 

Paracetamol is affected by moisture and the major route of degradation is its hydrolysis 

to 4-aminophenol and acetic acid. The effect of temperature and humidity conditions on 

the stability of a number of commercial paracetamol tablet formulations was studied. A 

difference in the stability behavior of commercial paracetamol tablets towards specific 

temperature-humidity conditions was observed which may be due to a variable response 

of tablet excipients of the individual brands. The moisture sorption and retention 

properties of the samples would largely depend upon the moisture barrier characteristics 
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of the packaging materials as well as the compositional variations of the tablet matrices. 

The stability of solid dosage forms at constant temperature is considered as a function of 

equilibrium moisture content (EMC) which, in turn, is dependent on relative humidity.  

The packaging material controls water permeation to achieve EMC and hence the rate of 

loss of a moisture sensitive drug under specified storage conditions (Ahmad and Shaikh, 

1993). Paracetamol must be preserved in tight, light-resistant containers, stored at room 

temperature and protected from moisture and heat (USP 2009 and BP 2009). 

Paracetamol and its degrant PAP were analysed by electrophoresis. The effect of 

temperature on the hydrolysis rate of paracetamol was studied. At 70, 80, 90 and 100Oc, 

the measured rate constants of hydrolysis were 5.02×10-3, 8.5×10-3, 18.6×10-3 and 32.7 × 

10-3 min-1, respectively (Chen et al., 2002). 

 
A saturated aqueous solution has a PH of about 6 is stable (half-life over 20 years) but 

stability decreases in acid or alkaline conditions. Mixtures of paracetamol and aspirin 

are stable in dry conditions, but tablets containing these two ingredients, particularly in 

the  presence  of  moisture, magnesium  stearate or codeine,  produce  some                                                                                                                                                                                                       

diacetyl- p-aminophenol when stored at room temperature and this later compound is 

hydrolyzed in the presence of moisture to paracetamol and p-aminophenol (Florey, 

2003). 

A study of the influence of various temperature and humidity conditions on the stability 

of a number of commercial paracetamol tablet formulations in original packaging has 

been conducted over a period of six months. It evaluated the influence of packaging 

material on the stability of the product and of the effectiveness of the material in 

protecting the product during extended storage under varying environmental conditions 

of temperature, humidity and light. TLC of the methanolic (50%) extracts of stored 

samples  was  carried  out  on  silica  gel  plates  to  detect  the  degradation   products  
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(4-aminophenol) using chloroform : acetone (4:1, v/v) and ethyl acetate : methanol : 

strong ammonia solution (85:10:5). The spots were located by spraying with 5% ferric 

chloride solution (Ahmad and Shaikh, 1993). 

2.6.11 Assay  

USP has described an analytical method to quantify paracetamol as a bulk drug by  

spectrophotometry at 244 nm using water as blank. Paracetamol tablets are assayed by 

liquid chromatography using a mixture of water and methanol (3 :1) as mobile phase and 

solvent system (USP 2009). 

 British Pharmacopoeia describes a monograph for paracetamol as a bulk drug and 

paracetamol suppository by titration with 0.1M cerium sulphate. Paracetamol tablets are 

assayed by spectrophotometry at 257 nm using 0.1M sodium hydroxide in the reference 

cell. Paracetamol syrup is assayed by liquid chromatography using a mixture of 250 

volumes of methanol containing 1.15 g of a 40% v/v solution of tetrabutylammonium 

hydroxide with 375 volumes of 0.05M disodium hydrogen orthophosphate and 375 

volumes of 0.05M sodium dihydrogen orthophosphate as mobile phase and a detection 

wavelength of 243 nm (BP, 2009).  

Various analytical methods such as fluorimetry, volumetry, fourier-trasform infrared 

spectrometry, flow injection analysis, electrochemical analysis, mass spectrometry, gas 

chromatography, capillary electrophoresis and liquid chromatography were employed for 

determination of paracetamol. All these methods were used for determination of 

paracetamol either alone or in combination with other drugs (Nageswara and Narasaraju 

2006). 

A simple and sensitive method for separation and quantitative determination of non-

opioid analgesics from pharmaceutical preparations has been developed and validated. 
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Commercial formulations of three non-opioid analgesics paracetamol, ibuprofen and 

diclofenac, were chosen to be studied. The drugs were extracted from respective tablets 

with methanol and purified by recrystallization. The purity was established by melting 

point, UV and IR. Quantitative determination was carried out using HPLC supplemented 

with UV spectrophotometry, the solvent system  was toluene�acetonitrile�acetic acid (60 

: 50 : 2) and C18 � column as stationary phase (Bhushan et al., 2007). 

A simple isocratic reversed-phase HPLC method for the determination of paracetamol 

and its major degradation impurity, p-aminophenol, was developed and validated for use 

in the analysis of pharmaceutical tablets. Separations were performed on a C18 Inertsil® 

ODS-3 column (250 mm x 4.60 mm, 5 ìm). A mobile phase, MeOH: 0.01M phosphate 

buffer pH 5.0 (30:70 v/v) at flow rate of 1 ml/min was suitable for the separation and 

determination of paracetamol and p-aminophenol. UV detection was set at 243 nm 

(Sornchaithawatwong et al., 2010). 

A simple, rapid and convenient high performance liquid chromatographic method, 

which permits the simultaneous determination of paracetamol, 4-aminophenol and  

4-chloracetanilide in pharmaceutical preparation has been developed. The 

chromatographic separation was achieved on porous graphitized carbon (PGC) column 

using an isocratic mixture of 80/20 (v/v) acetonitrile/0.05 M potassium phosphate buffer 

(pH 5.5) and ultraviolet detection at 244 nm (Monser and Darghouth, 2002). 

A simple and rapid gradient reversed-phase HPLC method for simultaneous separation 

and determination of paracetamol and its related compounds in bulk drugs and 

pharmaceutical formulations has been described. Ten impurities of paracetamol have 

been separated on a C18-Column with gradient elution using 0.01 M potassium 

dihydrogenphosphate buffer (pH 3.0) and acetonitrile as mobile phase and detection on 

215 nm (Nageswara and Narasaraju 2006).  
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Ali et al. described an HPLC method to analyse paracetamol, chloroxazone and related 

impurities using C18 stationary phase and water-methanol-glacial acetic acid as mobile 

phase and UV detector (Ali et al., 2007). 

Different paracetamol analysis methods published in the last 50 years were summarized 

in a review article (Espinosa et al., 2006). 

2.6.12 Impurities in paracetamol  

2.6.12.1  P-aminophenol 

P-aminophenol is an analog and metabolite of common household analgesics, such as 

acetaminophen. It is well-known that acetaminophen in overdose can cause severe 

hepatic centrilobular necrosis in humans and experimental animals (Thomas, 1993 and 

Boyd and Bereczky, 1966). Like acetaminophen, p-aminophenol-induced hepatotoxicity 

may also involve a chemically reactive intermediate and GSH may play an important 

role in its toxicity. This possibility has not yet been explored (Klos et al. ,1992). 

 P-aminophenol  is a nephrotoxic metabolite of acetaminophen. It is 5 times more potent 

than acetaminophen as nephrotoxicant in F344 rats. Inhibition of acetaminophen 

deacetylation to p-aminophenol diminished renal toxicity, suggesting that 

acetaminophen renal toxicity is partly mediated by formation of p-aminophenol. 

 P-aminophenol nephrotoxicity is site-specific for the S3 segment of the proximal tubule 

(Harmon, 2006). 

In toxicology and occupational health medicine, p-aminophenol is used as a biological 

marker to screen aniline exposure (Lauwerys and Hoet, 1993, World Health 

Organization 1986 and American Conference of Governmental Industrial Hygienists 

1986�1987).  
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Aniline has been produced commercially since 1847; it has been classified as a possible 

carcinogen in humans and is recognized by the National Institute for Occupational 

Safety and Health as a neurotoxic agent  (Eval, 1982, Environmental Health Centre 1994 

and Occupational health guidelines for chemical hazards, 1982).  

It is a component of printing inks, cloth-marking inks, paints, and paint removers. 

Aniline is widely used industrially for making dyes and compounds used in the 

vulcanization of rubber. Few other industrial chemicals (mainly nitrobenzene, 

acetanilide)   and   some  pesticides  (e.g., Fenuron) also  result  in  the  elimination   of  

p-aminophenol. This implies that the presence of p-aminophenol can, in some cases, be 

related to exposure to chemicals other than aniline, it is nonetheless accepted as a more 

specific indicator than any other currently in use (Lefaux, 1998 and Lauwerys and Hoet, 

1988). Analysis of p-aminophenol by using high-performance liquid chromatography 

(HPLC) was performed for water analysis (Uenu and Hennion, 1994 and Schultz, 1984). 

It was also applied to quantify p-aminophenol as a degradation product of paracetamol 

in aged pharmaceutical formulations (Hewala, 1994). 

2.6.12.2  Assay of  p-aminophenol 

Limits of P-Aminophenol in USP are (NMT 0.005%) in bulk drug. The limit varies 

among different dosage forms, for tablets (NMT 0.005%), for suppositories (NMT 

0.0005% ) and for syrup ( NMT 0.5%). P-aminophenol is analyzed in the USP  by color 

development with alkaline nitroferricyanide solution, followed by absorption 

measurement at 710 nm. This reaction depends on replacement of nitrosyl ion with PAP 

in the complex (USP, 2009). Limits of P-Aminophenol in BP are (NMT 0.005%) in bulk 

drug, (NMT 0.1%) in paracetamol tablet and suppository and (NMT 0.5%) in 

paracetamol syrup. According to BP, P-aminophenol is detected by liquid 

chromatography using a mixture of 250 volumes of methanol containing 1.15 g of a 40% 
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(v/v) solution of tetrabutylammonium hydroxide with 375 volumes of 0.05M disodium 

hydrogen orthophosphate and 375 volumes of 0.05M sodium dihydrogen orthophosphate 

as  mob i l e  phase  and  a  de t ec t ion  wavelength  o f  245  nm (BP ,  2009) . 

Urine p-aminophenol (PAP) concentration serves as a biological marker for occupational 

exposures to aniline. Numerous methods have been developed for quantitative analysis of 

PAP in urine. There are gas chromatographic techniques with a variety of detecting 

systems, including mass spectrometry and atomic emission and HPLC procedures 

involving UV, fluorometric or electrochemical detection (Hewala, 1994). 

 A rapid  and simple spectrophotometric method was applied for quantification of urine 

PAP concentration using a chemical autoanalyzer. The method involved oxidative 

coupling of PAP with an aromatic compound (Berthelot reagent). Xylenol and sodium 

periodate were applied for this purpose (Chen et al., 2004).  

A highly sensitive, precise and automated assay employing the technique of Flow 

injection analysis to quantitatively assay low levels of PAP was developed and applied 

for paracetamol drug and tablet formulation. A solution of the drug substance or extract 

of the tablets is injected into a solvent carrier stream and merged on �line with alkaline 

sodium nitroprusside reagent to form a specific blue derivative which is detected 

spectrophotometrically at 710 nm (Bloomfield and Talanta, 2002). 

2.6.12.3  P-chloroacetanilide.  

Chloroacetanilide herbicides are among the most commonly used herbicides in agriculture. 

Several studies have demonstrated a number of them to be carcinogenic. Inhalation and 

ingestion are the main routes of entry to the human body. In case of inhalation it causes 

lung irritation also causes irritation to the skin or the eyes by direct contact, it may affect 
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genetic material and may cause digestive tract irritation. The properties of this substance 

have not been fully investigated (Osterhuis, 2008) .  

 

2.6.12.4  Assay of p-chloroacetanilide.  

Limit of p-chloracetanilide is included in the USP (NMT 0.001%) and is analyzed by thin-

layer chromatography using silica gel as stationary phase, while the mobile phase is hexane-

acetone (75 : 25) (USP, 2009).  

Limit of p-chloracetanilide is included in the BP (NMT 0.001%) and assayed by  liquid 

chromatography using a mixture of 250 volumes of methanol containing 1.15 g of a 40% 

v/v solution of tetrabutylammonium hydroxide with 375 volumes of 0.05M disodium 

hydrogen orthophosphate and 375 volumes of 0.05M sodium dihydrogen orthophosphate as 

mobile phase and a detection wavelength of 245 nm (BP, 2009). 

Analysis of p-chloracetanilide along with paracetamol and 4-aminophenol was performed 

by HPLC- technique using UV- detector (Monser and Darghouth, 2002). 
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                                Chapter 3 
METHODOLOGY 

  3.1 Study Design 

This study is a descriptive study as it concerned with organizing and summarizing drug 

related data. This drug is probably subjected to unsuitable conditions like temperature, 

humidity and pH.  

 3.2 Sample Size 
Using Epi-info Program version 6 (CDC, 2002) and proposing that 7%  of paracetamol 

dosage forms contain impurities (Nageswara and Narasaraju 2006). The calculated sample 

size is 200 samples (150 tablets, 40 suppositories and 10 syrups). The sample size is 

within a confidence level of 95%. The sample size of  aspirin is 138 tablets according to 

prevalence of problem 10% (Juhl  and krichhoefer,1980), confidence interval 95%. 

3.3  Sampling  
The sample was selected from two governorates of the Gaza strip the north and the south. 

Three pharmacies of each area were  selected randomly, which are UNRWA, MOH and 

private pharmacies. 150 tablets, 40 suppositories and 10 syrups of paracetamol produced 

by 3 different companies were randomly selected. For aspirin, 138 tablets produced by 7 

different companies were randomly selected. Different doses and types were randomly 

selected. 

3.4 Inclusion Criteria 
Paracetamol and aspirin dosage forms of 5-10 different companies dispensed by Private 

and Governmental pharmacies with valid shelf life were included in the study. 

  3.5 Exclusion criteria 

Expired and damaged dosage forms were excluded. 
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3.6 Ethical consideration 
Since the study does not deal with human, ethical consideration is not required. 

Names of companies will not be published.  

3.7 Limitation of the study 
1. The limited resources such as books and journals. 

2. Lack of fund and the high cost of materials and equipments. 

3. Israeli siege on the GS which lead to delay or unavailability of chemicals and instruments. 

4. Time limitation.  

.              3.8 Instruments and materials 

3.8.1 Instruments 

1. UV-lamp (VILBER  LOURMAT-FRANCE, VL-6LC).  

2. Spectrophotometer (PERKIN ELMER  LAMBDA 25 UV/VISIBLE 

    SPECTROPHOTOMETER) 

3. Shaker (SUPER MIXER,GEMMY-INDUSTRIAL COMPANY). 

4. Centrifuge (KOKUSAN,   H-103 N SERIES). 

3.8.2 Materials and reagents 

1. Standards: paracetamol (ACROS-ORGANICS, EGYPT), 4-chloroacetanilide 

(ACROS-ORGANICS,  EGYPT),  4-aminophenol (PURE LAB. 

CHEMICALS, EL NASR PHARMACIUTICAL CHEMICAL CO. Egypt), 

acetyl salicylic acid (MERK, Germany) and salicylic acid (MERK, Germany ).  

2. Solvents: acetone, ethanol, methanol ,toluene, acetic acid, ethyl acetate and 

water. Solvents were delivered from FRUTAROM � LTD, Gaza. 

3. Substances: sodium bicarbonate, sodium nitroprusside, sodium hydroxide, ferric 

chloride, potassium dichromate. All substances were proanalysis P.A grade. 
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      4.  Materials: TLC plates Kieselgel 60 F254 (5î10 cm), cuvett, micro capillary 2 µl   

and  TLC cammer. All the materials were delivered from (MERK, Germany).  

3.9  Data analysis 
Data analysis was carried out by using statistical package of social science (SPSS) 

program version 16 (SPSS, 2007) as follows: 

1. Data coding and entry. 

2. Statistical examination as frequency Crosstabs Chi square test, distribution, cross 

tabulation, Post Hoc tests and ANOVA. 

3. The significance of the results were determined according to the p-value. 

3.10  Quantitative determination of aspirin  
 
3.10.1  Standard of aspirin 

  Aspirin standard solutions were prepared just before measurements. 340 mg of standard 

aspirin were weighed accurately into a 50 ml volumetric flask, dissolved and diluted to 

volume with the solvent mixture ethanol and glacial acetic acid (98 : 2). Then 1 ml portion 

of the  solution was diluted to 100 ml with the same solvent. The concentration of the end 

solution was 68 µg/ml (Rogic D, 1993). 

            3.10.2 Standard of salicylic acid 

340 mg  of  standard  salicylic  acid were  weighed  accurately  into  a 50 ml  volumetric  

flask, dissolved and diluted to volume with the solvent mixture ethanol and glacial acetic 

acid (98:2). Then 1ml was pipetted into 10 ml volumetric flask, diluted with the same 

solvent to volum. 2 ml portion of the resulting solution were pipetted into a 100 ml flask 

and diluted with the solvent to volum. The concentration of the end solution was 13.6 

µg/ml (Rogic D, 1993). 
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3.10.3 Dilution process 

Aspirin standard solution (68µg/ml) was used to prepare series of different solutions to 

estimate the calibration curve. 2.0, 1.5,1.0 and 0.5 ml of the aspirin standard solution were 

diluted with the same solvent in 5-ml volumetric flask. The resulting concentrations were 

27.2, 20.4,13.6 and 6.8 µg/ml, respectively. 

 Salicylic acid standard solution (13.6 µg/ml) was used to prepare series of different 

solutions to estimate the calibration curve. 2.0, 1.5, 1.0 and 0.5 ml of the salicylic acid 

standard solution were diluted with the same solvent in 5-ml volumetric flask. The 

resulting concentrations were 5.44, 4.08. 2.72 and 1.36 µg/ml, respectively. 

3.10. 4 Aspirin samples  

The average weight of 10 tablets was determined and the tablets were grounded to fine 

powder by a mortar and pestle. Powder of aspirin tablets equivalent to (50-300 mg) of 

aspirin were weighed accurately and transferred into a 25 ml volumetric flask (The wide 

range of aspirin content weight is to facilitate dissolution due to the variation of tablets 

weight, for example some tablets weigh 120 mg while others weigh 408 mg). After 

dissolution in ethanol and glacial acetic acid (98:2), the mixture was shaken vigorously for 

about 30 seconds, and filtered through a dry filter paper (MERK). Then 1ml portion of the 

resulting solution was diluted to 100 ml with the solvent mixture (Rogic D, 1993). 

3.10.5 Measurement 

1. Spectrophotometer was standardized using the solvent as blank. 

2. Spectra of aspirin samples were recorded. 

3. Absorption of standard solutions for aspirin were measured at 275 nm. 

4. Absorption of standard solutions for salicylic acid were measured at 303 nm. 

5. Absorption of aspirin samples were measured at 275 and 303 nm. 

6. The concentration of aspirin and salicylic acid were calculated using the 

calibration curves. 



 

����

 

3.11 Detection of impurities of aspirin 
 
3.11.1 Standard of aspirin 
 
1.25 g of standard aspirin were weighed accurately and dissolved in 5 ml of methanol to 

get a concentration 250 mg/ml. 

3.11.2 Standard of salicylic acid 

It was prepared by dissolving 75mg of standard  salicylic acid in 10 ml of methanol.1 ml 

of  this solution was diluted to 10 ml with methanol to get a concentration 0.75 mg/ml .  

3.11.3 Aspirin tablets 

- Compressed tablets 

10 aspirin tablets were weighed and the average weight was determined. Tablets were 

ground using morter and pestle. Powder of aspirin samples equivalent to 1.25 g aspirin 

was weighed and dissolved in 5 ml methanol using mechanical shaking, a clear 

solution was separated after centrifugation at 1000 rpm for 5 minutes (BP, 2009). 

- Effervescent and buffered tablets 

10 aspirin tablets were weighed and the average weight was determined. Tablets were 

ground using morter and pestle. Powder of aspirin samples equivalent to 0.125 g 

aspirin was weighed accurately and dissolved in 5 ml methanol using mechanical 

shaking, a clear solution was separated after centrifugation at 1000 rpm for 5 minutes 

(BP, 2009). 

3.11.4 Chromatography 
 
- Mobile phase: Ethyl acetate : Acetic acid  (200 : 1) (V/V). 

  The TLC- cammer was saturated with mobile phase. 

  - Stationary phase : TLC plates (Kiesel gel 60 F254, 5î10 cm). 

  - Application: 10µl of standard aspirin, standard salicylic acid and aspirin sample solutions 

were  applied on the TLC plate. 
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- Developing the TLC plates: When the spots were dry, the plate was placed into the 

solvent jar. Make sure that the solvent level is below the baseline. Put the cover back 

on the tank. Allow the plate to develop until the solvent front is about 1 cm from the 

top (about 15 minutes). The plate was removed from the cammer. Immediately the 

position of the solvent front was marked  with pencil. The plate was dried at room 

temperature. 

- Detection: The spots were detected by UV lamp at short wave length (ë = 254 nm). 

Spraying with ferric chloride (9%) reagent.   

- Evaluation The spot of salicylic acid in compressed aspirin tablets should not be 

larger than the corresponding salicylic acid spot of standard solution. The limit of 

salicylic acid is 0.3%. The spot of salicylic acid in effervescent aspirin tablets should 

not be larger than the corresponding salicylic acid spot of standard solution. The 

limit of salicylic acid is 3.0%. 

3.12 Quantitative determination of paracetamol 
 
 3.12.1 Paracetamol standard  
 
0.1 g of standard paracetamol  powder were weighed accurately and dissolved in 5 ml 

methanol. 1ml of this solution was diluted with methanol to 20 ml. 1ml of the solution was 

transferred into  100 ml volumetric flask and diluted with methanol. The concentration of 

this standard solution was 0.01mg/ml (Espinosa et al., 2006).  

   3.12.2 Dilution process 

Paracetamol standard solution (0.01 mg/ml) was used to prepare a serie of different 

concentrations to estimate the calibration curve. 4.0, 2.0, 1.0, 0.5 ml of the paracetamol 

standard solution were diluted with the same solvent in 5-ml volumetric flask. The 

resulting concentrations are 8.0, 4.0, 2.0 and 1.0 µg/ml, respectively. 
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3.12.3 Paracetamol samples 
 
- Tablets 
 
The average weight of 20 tablets was determined and the tablets were ground to fine 

powder by a mortar and pestle. 

Paracetamol powder tablets equivalent to 0.1g paracetamol were weighed accurately and 

dissolved in 5 ml methanol. Shacked by mechanical means for 30 minutes,  then 

centrifuged at 1000 rpm for 15 minutes or until a clear separation was obtained. 1ml of 

this solution was diluted with methanol to 20 ml. 1ml of the previous solution was 

transferred to 100 ml volumetric flask and further diluted with methanol. 3 ml of the 

solution were diluted in 5 ml volumetric flask with methanol, followed by measurement of 

absorbance at 257 nm (Espinosa et al., 2006). 

- Syrups 

Commercial paracetamol syrup has a concentration of 125 mg/5ml. 3 dosage forms of 

different companies were analysed. 1 ml of the preparation was transferred to 25 ml 

volumetric flask and diluted to volume with methanol and filtered. 

1 ml of the last solution was further diluted to 100 ml with the same solvent. 3 ml of the 

solution were diluted in 5 ml volumetric flask with methanol, followed by measurement of 

absorbance at 257 nm (Espinosa et al., 2006) . 

- Suppositories 

200 mg paracetamol suppository was transferred to 200 ml volumetric flask, 20 ml of 

methanol were added and warmed on a water-bath until the suppository was melted, then 

sufficient methanol was added to volume. 1 ml of the last solution was further diluted to 

100 ml with the same solvent. 3 ml of the solution were diluted in 5 ml volumetric flask 

with methanol, followed by measurement of absorbance at 257 nm (Espinosa et al., 2006). 
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3.13 Detection of impurities of paracetamol  

 3.13.1 Tablets 
 

    - Paracetamol standard solution 
 
1g standard paracetamol dissolved in 5 ml methanol.  

 
- Para-aminophenol standard solution 
  
The limit of para-aminophenol is not more than 0.005% (BP 2009 and USP 2009). 0.05g 

of  standard para-aminophenol were dissolved  in 10 ml methanol. 1 ml of the resulting 

solution was diluted to 100 ml with methanol to get a final concentration of 50 µg/ml 

(Espinosa et al., 2006).  

 
- Para- chloroacetanilide standard solution 
 
The limit of para- chloroacetanilide as an impurity in paracetamol is not more than 

0.001% (BP 2009 and USP 2009). 

0.01g of the standard para- chloroacetanilide were dissolved in 10 ml methanol. 1 ml of 

the resulting solution was diluted to 100 ml with methanol.  

The resulting solution has a concentration of 10 µg/ml (Espinosa et al., 2006).  

- Paracetamol Samples 
 
The average weight of 20 tablets was determined and the tablets were ground to a fine 

powder by a mortar and pestle. Powder equivalent to 1g  paracetamol  weighed accurately 

and dissolved in 5 ml methanol. It was mechanically shaked for 30 minutes and 

centrifuged at 1000 rpm for 15 minutes. The clear supernatant was separated (Espinosa et 

al., 2006). 

- Chromatography 
 
The mobile phase is (Toluene : Acetone : Acetic acid)  (20ml : 20ml : 20 drops).  

The  TLC- cammer was saturated with mobile phase. 

   TLC plates: TLC plates (Kiesel gel 60 F254, 5î10 cm). 
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Application: 10µl of each paracetamol standard  and paracetamol sample solutions.  2 µl 

of  para-aminophenol standard and para chloroacetanilide standard solutions were    

applied. 

-Detection :UV lamp was used to detect the spots at short wave length (ë = 254 nm).   

-Evaluation: The spots of para-aminophenol and para- chloroacetanilide in paracetamol  

samples should not be larger than the corresponding para-aminophenol and para- 

chloroacetanilide spots in standard solution. (the limit of para-aminophenol is 0.005% 

and para chloroacetanilide 0.001%). 

3.13.2 syrups 

    - Paracetamol standard solution 

25 mg paracetamol dissolved in 5 ml methanol. The  concentration of the standard 

solution was 5 mg/ml (Espinosa et al., 2006). 

- Para-aminophenol standard solution 

The limit of para-aminophenol in Paracetamol syrup is not more than 0.5% (BP and 

USP 2009). 25 mg of standard para-aminophenol was dissolved  in 10 ml methanol.  

1ml of the resulting solution was diluted to 100 ml with methanol to get a final 

concentration of 25 µg/ml (Espinosa et al., 2006).  

- Para- chloroacetanilide standard solution 

Para- chloroacetanilide standard solution with a concentration of 5.0 µg/ml was prepared 

by dissolving 50 mg of Para- chloroacetanilide in 100 ml methanol. 1 ml of the last 

solution was transferred into 100 ml volumetric flask and diluted to volume with 

methanol (Espinosa et al., 2006). 

- Paracetamol Samples 

Two samples of commercial paracetamol syrup that  has a concentration of 125  mg/5ml 

were examined. 5 ml of the preparation was diluted to 25 ml with methanol and filtered.  
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- Chromatography  

- The mobile phase is Toluene : Acetone: Acetic acid  20ml : 20ml : 20 drops. The 

TLC-  cammer was saturated with mobile phase. 

TLC plates: TLC plates (Kiesel gel 60 F254, 5î10 cm). 

Application:10µl of paracetamol standard, paracetamol sample, para-aminophenol 

standard and para chloroacetanilide standard solutions were applied on TLC plate. 

-Detection : UV lamp was used to detect the spots at short wave length (ë = 254 nm).   

-Evaluation : The spots of para-aminophenol and para- chloroacetanilide in paracetamol  

samples should not be larger than the corresponding para-aminophenol and para- 

chloroacetanilide spots in standard solution. (the limit of para-aminophenol is 0.5% and 

para chloroacetanilide 0.1%). 

  3.13.3 Suppositories 
 
  - Paracetamol standard solution 

  The standard solution was prepared as previously described under section 3.13.2.  

   - Para-aminophenol standard solution 

   PAP standard solution was prepared with a concentration of 0.0005% using   methanol as  

   a solvent. 0.05g of PAP was dissolved in 100 ml methanol. 1ml of the previous solution 

was transferred into 100ml volumetric flask and diluted to volume with methanol. 

   - Para- chloroacetanilide standard solution 

   Para-chloroacetanilide standard solution with a concentration of 0.0001% using methanol 

as a solvent. 0.01g of PCA was dissolved in 100 ml methanol. 1ml of the previous solution 

was transferred into 100ml volumetric flask and diluted to volume with methanol. 

   - Paracetamol samples 

 Two samples of commercial paracetamol suppositories that  has a paracetamol  content 

200 mg were examined. Paracetamol suppository species equivalent to 250 mg  was 
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transferred to a 50 ml volumetric flask. 20 ml of methanol were added and warmed on a 

water-bath until the suppository was melted, then sufficient methanol was added. 

The  final solution has a concentration  of 0.5% (w/v). 

- Chromatography 

 The mobile phase : Toluene : Acetone: Acetic acid  20ml : 20ml : 20 drops. The TLC- 

cammer was saturated with mobile phase. 

TLC plates : TLC plates (Kiesel gel 60 F254, 5î10 cm). 

Application : 10µl of each paracetamol standard, paracetamol sample solutions, para-

aminophenol standard and para chloroacetanilide standard solutions were applied. 

-Detection : UV lamp was used to detect the spots at short wave length (ë = 254 nm).   

-Evaluation : The spots of para-aminophenol and para- chloroacetanilide in paracetamol 

samples should not be larger than the corresponding para-aminophenol and para- 

chloroacetanilide spots in standard solution. (The limit of para-aminophenol is 0.1% and 

para chloroacetanilide 0.02%). 

3.14 Detection of  Para-aminophenol( PAP) by color test 
 

0.5 g of  potassium dichromate powder were dissolved  in 100 ml water, the solution has a 

concentration of 0.5% (w/v).  0.1 g of PAP standard substance were weighed accurately 

and  dissolved in 20 ml methanol as stock solution (The concentration is 0.5%). 

From the stock solution the following volumes were transferred separately into six 

volumetric flasks (10 ml): 1.0, 0.5, 0.2, 0.1, 0.05 and 0.01ml using glass pipette and 

micropipette. Each one was diluted with methanol to produce solutions of the following 

concentrations : 0.05%, 0.025%, 0.01%, 0.005%, 0.0025% and 0.0005% respectively. 

2ml of each of the diluted solutions were pipetted  in a clean test tube then 1 ml (0.5%)  

potassium dichromate solution was added followed by addition of 1 ml (0.1 M) NaOH. 
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Blank was prepared by mixing 1 ml of dichromate solution, 1 ml (0.1 M) NaOH and 2 ml 

methanol. 

3.15 Detection of impurities by T.L.C 
 
Standard solutions 

Aspirin and salicylic acid standard solutions were prepared as described in section (3.11.1) 

and (3.11.2). A mixture of aspirin and salicylic acid was prepared by mixing equal volumes 

of their standard solutions. Paracetamol, Para-aminophenol and Para- chloroacetanilide 

solutions were prepared as described in section (3.13.1). A mixture of paracetamol, para-

aminophenol and para- chloroacetanilide was prepared by mixing equal volumes of their 

standard solutions. 

Chromatography 

Stationary phase: TLC plates (Kiesel gel 60 F254, 5î10 cm). 

Mobile phases : Different mobile phases were tested to get the best isolation for 

paracetamol and aspirin along with their impurities by T L C. 

1. Chloroform : acetone ( 4:1). 

2. Ethyl acetate: hexan (3:1). 

3.  Ethyl acetate : acetic acid ( 200:1). 

4. Toluene : acetone : acetic acid ( 20 ml : 20ml : 20 drops). 

5. Toluene : acetonitril (1:1). 

Application : 10µl of each paracetamol and aspirin standard  solutions, 2 µl of para-

aminophenol, para chloroacetanilide, salicylic acid standard solutions and mixture 

solutions were applied. 

Detection : was done by using the UV lamp under short wavelength 254 nm. 

Evaluation : Rf values were determined.  
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Chapter 4 
RESULTS 

 
4.1Quantitative determination of aspirin  
 
The spectra of aspirin standard solution (68 µg/ml) and salicylic acid (13.6 µg/ml) were 

measured using ethanol : glacial acetic acid (98 : 2) as a solvent. The spectra are shown in 

figures (8, 9). A good separation of absorption maximum was identified which allow the 

determination of both substances easily in a mixture without pretreatment. Aspirin has  ë 

max of 275 and that of salicylic acid was 303. 

 

 Figure (8) : UV spectrum of aspirin. 

 

            Figure (9) : UV spectrum of salicylic acid.   

 

             

            Figure (10) : UV spectrum of aspirin tablet. 
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  4.1.1 Calibration curve of aspirin  
 
The absorption of aspirin standard solutions were measured at 275 nm using ethanol: 

glacial acetic acid (98 : 2). Using Microsoft Excel MT program, the data were evaluated 

by using linear regression analysis. The calibration equation was Y= 0.0057X + 0.0079, 

within a correlation factor R2 = 0.9724. Figure (10) shows the calibration curve for aspirin 

standard solutions. 

 

                              Figure (11) : Calibration curve for aspirin standard solution. 

4.1.2 Calibration curve of salicylic acid 

The absorption of salicylic acid standard solutions were measured at 303nm . Using 

Microsoft Excel MT program, the data were evaluated. By using linear regression analysis 

the calibration equation was : Y= 0.0301X+0.0106, within a correlation factor R2= 0.9829. 

Figure (11) shows the  calibration curve of salicylic acid standard solution. 

 

                        Figure (12) : Calibration curve of salicylic acid standard solution.
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4.1.3 Assay of aspirin tablet content 
 
Aspirin tablets of different available doses, types (compressed, effervescent and buffered) 

and manufacturers were analyzed quantitatively using the calibration curve of aspirin 

standard solutions.  

Aspirin samples in which salicylic acid was detected by TLC and an absorption maximum 

was recorded at 303 nm, salicylic acid was quantified using the corresponding calibration 

curve. The weight percentage of aspirin and salicylic acid in samples are presented in table 

(1). The weight percentage of aspirin ranges from 82% to 103%. Three samples of aspirin 

contain a significant concentration of salicylic acid.  

Sample 
no. 

Manufacturer Content of tablets 
% ASA (w/w)  % SA 

(w/w) 
1 A 100 mg compressed tablets 82.59% 0. 98% 
2 A 100 mg compressed tablets�� 84.66% 0. 63% 
3 A 100 mg compressed tablets 86.71% 0. 94% 
4 B 100 mg compressed tablets 97.08% - 
5 B 100 mg compressed tablets 100.77% - 
6 C 100 mg compressed tablets 95.00% - 
7 C 100 mg compressed tablets 97.26% - 
8 D 75mg compressed tablets 99.64% - 
9 D 75mg compressed tablets 103.38% - 

10 E      75mg chewable tablet           102.15% - 
11 E 75mg chewable tablet 93.65% - 
12 E  75mg chewable tablet  94.15% - 
13 E 75mg chewable tablet           93.36% - 
14 F 500 mg compressed tablets 100.77% - 

15 F 500 mg compressed tablets 97.00% - 

16 G 325 mg buffered tablets 87.00% 0.62% 

17 G 325 mg buffered tablets 91.00% 0.54% 

18 D 400mg effervescent tablet 84.00% 0.64% 

19 D 400mg effervescent tablet 85.00% 0.89% 

      
            Table(1): Aspirin and salicylic acid content in tablets. 
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4.1.4 The relationship between aspirin content and expired date 
 

   Crosstabs Chi square test was applied to test the statistical relationship between the two 

categorized variables expired date and aspirin content among tablets. It was found that 50% 

of the samples with shelf life 6 months or less were rejected and 50% were accepted, while 

46.2% of the samples with shelf life more than 6 months were rejected and 53.8% 

accepted.  The aspirin contents were categorized into two groups accepted and rejected 

according to the criteria of the British Pharmacopoeia, which allowed an aspirin content of 

95-105%.   There was no statistical significance between the expired date and the rejection 

of the samples as p-value > 0.05. The results are listed in table (2). 

Sample classification  
Rejected Accepted 

P- value 

Self Life : ≤  6 months 50% 
 

50% 0.12 

Self Life : > 6 months 56.2% 43.8%  
 

       
        Table (2): Crosstabs Chi square test for aspirin content in tablets. 
 
 
4.1.5 The relationship between analyzed and reference content of   

aspirin. 

ANOVA test was applied  to test if the difference between the resulted and the reference 

content of aspirin tablets in the market is significant. The p-value was 0.002 as illustrated in 

table (3) , this means that there is a statistical significance between these variables.  

 
Sum of 
squares 

 
df Mean square F p-value 

Between groups 

Within groups 

Total 

452.307 

31.363 

483.67 

3 

5 

8 

150.769 

6.273 

 

24.036 0.002 

 
Table (3): ANOVA test for aspirin tablets. 
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4.1.6 The relationship between companies of  aspirin tablets 

Post Hoc Test was applied to make multiple comparisons between different manufacturers 

of aspirin tablets available in the market during the study time. Both Scheffe and 

Bonferroni tests were performed. Both tests agreed with each other. There was a statistical 

significance between manufacturer like A versus B or A versus D as p-value < 0.05. The 

results are listed in table (4). 

 
Test 

 
Manufacturer of aspirin 

 
Manufacturer of aspirin 

 
p- value 

Scheffe A B 
C 
D 

     0.009  × 
0.377 

      0.004   × 
 B A 

C 
D 

      0.009   × 
0.056 
0.788 

 C A 
B 
D 

0.377 
0.056 

     0.023   × 
 D A 

B 
C 

     0.004    × 
0.788 

     0.023    × 
Bonferroni A B 

C 
D 

     0.009   × 
0.645 

       0.004   × 
 B A 

C 
D 

      0.009    ×    
0.068 
1.000 

 C A 
B 
D 

0.645 
0.068 

      0.026    × 
 D A 

B 
C 

      0.004   × 
1.000 

       0.026    × 
Table(4): Post Hoc Tests for manufacturers of aspirin tablets. 
×: Statistical significance 

 

4.2  Detection of  impurities of aspirin by TLC 

Salicylic acid was identified in samples 1, 2, 3,16, 17, 18 and 19 by TLC using Ethyl 

acetate : Acetic acid (200:1) as mobile phase. Figure (12) shows the developed TLC of 

the samples. 
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1 2 3

                              
1 2 3

 
                        Sample no.(1)                                                        Sample no.(2)      

           
1 2 3

                                
1 2 3

 
                       Sample no.(3)                                                         Sample no.(4)                                                                                                                                                                

 
 
Figure (13) : Assay on salicylic acid in aspirin tablets by TLC. 

1: standard aspirin with Rf = 0.9. 
2 : standard salicylic acid with Rf = 0.8. 
3 : aspirin sample. 
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4.3 Quantitative determination of paracetamol  
 
4.3.1 Calibration curve of paracetamol standard 
 
The absorption of paracetamol standard solutions were measured at 257 nm.  

Using Microsoft MT Excel program to obtain the  regression line. It has the equation Y= 

0.230X + 0.0167, and a correlation factor of  R2 = 0.9975. The data were plotted and shown 

in figure (13). 

 
                          Figure (14): Calibration curve of paracetamol standard 

 
4.3.2 Paracetamol content in tablets 
 
Paracetamol tablets of different available manufacturers were analyzed quantitatively 

using the calibration curve of paracetamol standard solutions. The weight percentage of 

paracetamol lie between 94-97%. The results are expressed as percentage (w/w) and are 

listed in table (5). 

Sample no. Manufacturer Tablet content 
% paracetamol 

(w/w) 
1 F 500mg 97% 
2 F 500mg 96% 
3 G 500mg 97% 
4 G 500mg 97% 
5 H 500mg 96% 
6 H 500mg 94% 
7 H 500mg 97% 

       Table (5) : Paracetamol content in tablets. 
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4.3.3 Paracetamol content in syrup 
 
Paracetamol content in examined preparations (% w/w) are listed in table (6). 
 

Sample no. Manufacturer Syrup content Percentage 
8 F 125 mg/5ml 92% 

9 G 125 mg/5ml 94% 

10 H 125 mg/5ml 93% 

Table (6): Paracetamol content in syrup. 

 
4.3.4 Paracetamol content in suppository 
 
Results of paracetamol suppository assay are listed in table (7). 
 

Sample no. Manufacturer Suppository content Percentage 
11 F 200mg 94% 

12 G 200mg 96% 

13 H 200mg 95% 

Table (7) : Paracetamol content in suppositories. 

4.3.5 The relationship between paracetamol content and expired date 
 

   Crosstabs Chi square test was applied to test the statistical relationship between the two 

categorized variables expired date and resulting concentrations of paracetamol. It was found 

that all the samples with shelf life 6 months or less were accepted, while 18.2% of the 

sample with shelf life more than 6 months was rejected and 81.8% were accepted. The 

results of paracetamol content were categorized into two groups accepted and rejected 

according to the criteria of the USP that provided limits of contents 90-110 % (USP 2009).   

There was no statistical significance between the expired date and the rejection of the 

samples as p-value > 0.05.The results are listed in table (8). 

Sample classification  
Rejected Accepted 

P - value 

Self Life : ≤ 6 months 0 
 

100% 0.09 

Self Life : > 6 months 0 100%  
 

         Table (8): Crosstabs Chi square test for paracetamol content. 
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4.3.6 The relationship between analyzed and reference paracetamol 

content    

ANOVA test was done to test the statistical significance between the resulted content and 

the reference content of paracetamol tested samples. The p-value was 0.489 as illustrated in 

table (9) , this means that there is no statistical significance between these variables. 

 
Sum of 
squares 

 
df Mean square F Sig. 

Between groups 

Within groups 

Total 

2.262 

5.167 

7.429 

2 

4 

6 

1.131 

1.292 

 

0.876 0.489 

Table (9): ANOVA test for paracetamol dosage forms. 
df: degree of freedom. 
Sig: Significance. 

     

4.3.7  The relationship between companies of  paracetamol dosage 
forms 
 
Post Hoc Test was applied to make multiple comparisons between companies of 

paracetamol. Both Scheffe and Bonferroni tests were applied. The  results of both tests 

agreed with each other as shown in table (10). There was no statistical significance between 

manufacturer as p-value > 0.05. 

  Test Manufacturer of 
paracetamol 

Manufacturer of 
paracetamol 

p- value 

Scheffe F G 
H 

0.910 
0.742 

 G F 
H 

0.910 
0.501 

 H F 
G 

0.742 
0.501 

Bonferroni F G 
H 

1.000 
1.000 

 G F 
H 

1.000 
0.804 

 H F 
G 

1.000 
0.804 

Table (10) : Post Hoc Tests for manufacturers of paracetamol dosage forms. 
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4.4 Detection of  impurities in paracetamol dosage forms 
 

All examined paracetamol samples (tablet, syrup and suppository) have shown no spots 

corresponding to para-aminophenol (PAP) or para-chloroacetanilide (PCA) on the 

developed silica gel plates. Figure (14) shows one of the examined samples (sample no 

1) after being developed with the mobile phase Toluene: acetone: acetic acid (20 ml : 

20ml : 20drops). 

 

              
1 2 3 4

                                       
                 Sample no.(1)                                                     

 

 

                          Figure (15): Assay on impurities in paracetamol tablets by TLC. 
                      1: standard paracetamol. 
                      2 : PCA. 
                          3 : PAP. 
                          4 : paracetamol sample                                                                                                                                                                                                                                                              
. 
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4.5 Detection of  para-aminophenol (PAP) by color test 
 

A brown color was obtained with dichromate solution. A clear detectable brown color 

was obtained at a concentration of 0.005% PAP in comparison to a blank. Figure (15) 

shows the results of para-aminophenol color test. 

 

 

                 

                    PAP  0.05%.                                                  PAP  0.025%. 

              

                 PAP  0.005%.                                                  PAP  0.0005%. 

 
Figure (16) :  Detection of  Para-aminophenol by color test. 
 Left test tube is PAP standard solution and the right is the blank. 

                           



 

����

 

4.6 Detection of aspirin impurities by TLC 

Different mobile phases were tested in order to select a good one to separate aspirin and 

salicylic acid (as the main impurity)  by TLC. Mobile phases were Ethyl acetate: acetic 

acid (200:1), Toluene : acetone : acetic acid (20 ml : 20ml : 20 drops) and Ethyl acetate : 

hexane (75:25). The best mobile phase for separating aspirin and salicylic acid was ethyl 

acetate : acetic acid (200:1) .  

Figure (16) shows the results of developed TLC plates. The Rf values of aspirin and 

salicylic acid are listed in table (11). Tailing was observed in case of mobile phase C. 

Rf   Mobile phase 

Aspirin Salicylic acid 

A Ethyl acetate : acetic acid (200 : 1) 0.9 0.8 

B Toluene : acetone : acetic acid (20 ml : 20 ml : 20 drops). 0.65 0.7 

C Ethyl acetate : hexane (75 : 25) 0.5 0.7 

Table (11): The Rf values of aspirin and salicylic acid in mobile phases A, B and C. 

 

4.7 Detection of paracetamol impurities by TLC 

Different mobile phases A, B, C and D were tested to get good detection of paracetamol 

impurities by TLC. The best mobile phase for separating paracetamol and its impurities 

PAP , PCA was mobile phase B,  Toluene: acetone: acetic acid (20 ml : 20ml : 20 drops). 

The Rf values were determined and listed in table (12). Figure (17) shows the developed 

TLC plates.  

Rf  Mobile phase 

 Paracetamol PAP PCA 

A Ethyl acetate : acetic acid (200 : 1).  0.8 0.3 0.9 

B Toluene : acetone : acetic acid ( 20 ml : 20 ml : 20 drops)  0.6 0.4 0.8 

C Ethyl acetate : hexane (75 : 25)  0.1 0.2 0.4 

D Toluene : acetonitril (20 ml : 20 ml)  0.55 0.5 0.7 

Table (12): The Rf values of Paracetamol, P-aminophenol, P-chloroacetanilide  in 

mobile phases A, B, C and D. 
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1 2 3

        

1 2 3

 

                                   A                                                               B 

                 

                                           

                                                                 C 

Figure (17) : Separation of aspirin impurities per TLC.                                            
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1 2 3 4

                                  

                                   A                                                                                     B 

 

 

              

1 2 3 4

                                 

1 2 3 4

 

                                      C                                                                                 D 

 

 

Figure (18): Separation of paracetamol impurities per TLC. 

(1): paracetamol, (2): PCA, (3): PAP and (4): a mixture of all substances.  
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                                        Chapter 5 
Discussion 

Drug impurity profiling, i.e. identification, structure elucidation and quantitative 

determination of impurities and degradation products in bulk drug materials and 

pharmaceutical formulations is one of the most important fields of activities in modern 

pharmaceutical analysis. The reason for the increased importance of this area is that 

unidentified, potentially toxic impurities are health hazards and in order to increase the 

safety of drug therapy, impurities should be identified and determined by selective 

methods. 

The number of papers dealing with drug impurity profiling is high and the rate is 

continuously increasing. The aim of this study was to test the quality of aspirin and 

paracetamol dosage forms used in the Gaza Strip by detection of impurities in these two 

drugs and assay of their contents in dosage forms. 

All the tests were performed according to the BP and USP tolerance limits. Some 

modifications were applied to replace identification tests of impurities by those which 

can be simple, rapid and sensitive to the tolerance limits described in pharmacopeia. 

4.1 Assay of aspirin  

Many articles were published using HPLC to quantify both substances, aspirin and 

salicylic acid, simultaneously (Klimes et al.1992, Juhl  and krichhoefer,1980 and Akay 

et al., 2008). HPLC technique perform separation, testing the peak purity and 

quantification. It requires a highly purified samples also pretreatment is time consuming. 

The equipment and materials for HPLC technique are of specific criteria. Instruments 

require testing of their quality to ensure repeatability. One of the most terrible problems 

in Gaza strip is the sudden stoppage of currency and absence of qualified experts to 

repair instruments in hospitals or even at universities.  
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USP describes a liquid chromatographic method for assay of aspirin (USP 2009).  

Older issues describe an acidimetric method after basic hydrolysis by using 0.1N NaOH 

and phenol red as detector. This method can not be applicable when salicylic acid is 

expected to present in the samples since it quantify the total salicylates.  

Spectrophotometry was used in this study to quantify aspirin and salicylic acid using 

methanol as a solvent. Aspirin and salicylic acid show ë max at 275 and 303 nm, 

respectively. This assay enable measurement of both substances in the sample without 

pretreatment to separate them. This is simple, non expensive and rapid procedure. 

A recent published article about simultaneous analysis and quantification of aspirin and 

paracetamol described spectrophotometric approach. Separation of both substances was 

avoided and a lot of time and labor were spared. The method depended on the simple 

difference of ë max, which were 265 nm and 257 nm for aspirin and paracetamol, 

respectively using 0.1 N HCl: methanol (1:1) as solvent (Murtaza et al., 2011).  

21% of the aspirin samples contain SA within a significant quantity. Degradation of 

aspirin tablets were also observed in aspirin national survey that was done for 

determination of impurities in bulk aspirin and aspirin formulations by high-pressure 

liquid chromatography and spectrophotometry. 10% of the aspirin samples contained SA 

within a significant quantity (Juhl  and krichhoefer,1980). It is clear that the percentage 

is duplicated in the Gaza Strip when compared with the published old study. Many 

factors like very bad transporting and storage conditions may illustrate the results. 

19 samples of aspirin tablets were assayed by spectrophotometry. These tablets were 

compressed tablets which have (100, 75, 500 mg aspirin), buffered tablets which have 

325 mg aspirin and effervescent tablets which have 400 mg aspirin. Aspirin content 

range from 82.59 % to 103.38 %.  
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According to BP � monograph of aspirin tablets the content of aspirin should be 95 � 

105 % (BP 2009). Salicylic acid is allowed to be present (NMT 0.3%) in compressed 

tablets and  (NMT 3.0%) in effervescent and buffered  tablets.  

  The results of aspirin tablets content were categorized into two groups accepted and 

rejected according to the criteria of the BP and thus 52% of the aspirin samples were 

rejected. Three samples of aspirin tablets contain remarkable amount of salicylic acid 

that exceeds the standard limits of salicylic acid as an impurity (0.3%) that mentioned in 

the BP. The four samples of effervescent and buffered tablets contain a detectable 

salicylic acid but not exceed the standard limits of salicylic acid as an impurity (3.0% ). 

Effervescent tablets are uncoated tablets that generally contain acid substances like citric 

acid , tartaric acid and carbonates or bicarbonates and that react rapidly in the presence 

of water by releasing carbon dioxide. They are usually dissolved or dispersed in water 

before administration. Soluble, effervescent tablets are prepared by compression.  

The greatest problem with effervescent products is the loss of reactivity with time if 

exposed prematurely to moisture (i.e., the stability of the effervescent system). In 

addition, the stability of the drug and some excipients, such as flavors, also must be 

considered. Effervescent products are not stable in the presence of moisture. Most of 

them are hygroscopic and can therefore adsorb enough moisture to initiate degradation if 

they are not suitably packaged. They may be markedly stabilized if the NaHCO3is partly 

converted to the corresponding carbonate. Usually, the desired degree of stability is 

attained if approximately 2�10% of the weight of the bicarbonate is converted to the 

carbonate (Gauniya et al., 2010). Effervescent aspirin tablets are allowed to contain 

salicylic acid within a limit of (3%), which is higher than the limit in compressed tablets 

(0.3%). This elevation in salicylic acid limit resulted from the non avoidable degradation 

during wet granulation step in manufacturing process (USP 2009). 
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A compressed buffered aspirin tablet are formulated and composed of aqueous-based 

polymer coated aspirin crystals, a buffering system, a hydrophilic gel-forming matrix 

material, a binder and a hydrophobic lubricant. The aspirin crystals are coated with an 

aqueous-based polymer to reduce aspirin degradation caused by the tablet components. 

The results of aspirin effervescent and buffered tablets indicate a significant percentage 

of degradation. The two tested effervescent samples gave  an aspirin content of 85.0 % 

and 84.0%, while the two tested buffered samples gave  an aspirin content of 87.0% and 

91 % and all were rejected. 

Crosstabs Chi square test was applied to test the statistical relationship between the two 

categorized variables expired date and actual content of aspirin tablets.  

  There was no statistical significance between the expired date and the rejection of the 

samples as p-value > 0.05. It means that the expire date is not a critical variable because 

there are other factors affecting the content of the active ingredient in the dosage form 

like bad transporting or storage  conditions and instability of aspirin. This emphasizes 

the urgent need to follow up the quality of drugs in pharmacies.  

ANOVA test was done to test the statistical significance between the resulted  

concentration and the reference concentration, as a result p-value equals 0.002 , this 

means that there is a statistical significance between these variables. 

There was a clear variation in the aspirin content among tested samples of different 

manufacturers. Post Hoc Test was applied to make multiple comparisons between 

companies of aspirin tablets. Both Scheffe and Bonferroni tests were applied and results 

were agreed with each other. This variation can be a result of aspirin instability as bulk 

drug and possible degradation during manufacturing processes. It can also be due to 

characters of excipients added to the formula. Those effects were studied (Nagin et al., 

1988 and Connor et al.,1986). 
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4.2 Detection of aspirin impurities (SA) by TLC  

  Thin-layer chromatography (TLC) is a widely used separation technique because of its 

ease of use, cost-effectiveness, good sensitivity, speed of separation, as well as its 

capacity to analyze multiple samples simultaneously. TLC plays an essential role in the 

early stage of drug development when knowledge about the impurities and degradants in 

drug substance and drug product is limited. As a consequence of the development in the 

field of TLC plates introduction of high-performance thin-layer chromatography 

(HPTLC) and the instrumentation (versatile densitometers). TLC plays an important role 

in the quantitative analytical aspects of drug impurity profiling: it is a complementary 

technique to HPLC (Bartos and Gorog, 2008). 

   Several studies were performed for simultaneous determination of aspirin and SA, which 

may be difficult according to the similarity of the two compounds. Most of them 

depends upon using HPLC methods which are very expensive and time consuming. It 

was a good result that TLC efficiently can be used to detect SA in aspirin tablets at the 

tolerance limit by using ethyl acetate : acetic acid (200: 1) as mobile phase. Good 

separation was achieved using this mobile phase. Rf values of aspirin and salicylic acid 

were 0.9 and 0.8, respectively.  

   The limit test was applied successfully with the developed TLC system. detection of 

spots was clear by UV lamp. The spots were more intensive and larger than the spot of 

standard SA. This is a good explanation of the low aspirin content in those samples and 

the possibility of aspirin degradation. 

   Tailing was observed with mobile phase ethyl acetate: hexane (75: 25) which indicates a 

strong interaction between substances and the polar silica gel surface. This effect  was 

minimized when acetic acid was a component of the mobile phase. 
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   5.3 Assay of paracetamol  

Paracetamol is assayed in USP by measurement of absorption at 257 nm using 0.1M 

NaOH as solvent (USP 2009). BP describes cerimetric method for assay of paracetamol 

(BP' 2009). Most of the recent articles depend upon HPLC for assay of paracetamol and 

its impurities which needs highly expensive techniques and qualified persons (Bhushan 

et al., 2007, Sornchaithawatwong et al., 2010, Monser and Darghouth, 2002 and 

Nageswara and Narasaraju 2006) . 

Paracetamol samples (tablets, syrups and suppositories) have a paracetamol content 

range from 92 � 97% . this means that all paracetamol samples are accepted according to 

the criteria of the USP which describes an acceptable range for paracetamol content 90 � 

110% for tablets, suppositories and oral suspension (USP 2009).  

The quantitative analysis of paracetamol dosage forms used in the Gaza strip indicates 

undetectable degradation. In contrast, aspirin tablets showed remarkable degradation 

degree in some examined samples. These results agree with many published articles, 

which have established a rapid hydrolysis of aspirin in comparison with paracetamol. 

Rapid separation and determination of process-related substances of paracetamol using 

reversed-phase HPLC with photo diode array as a detector was applied on paracetamol 

tablets, 7% of tested paracetamol tablets contained a significant percentage of impurities 

(Nageswara and Narasaraju 2006). 10% of aspirin tablets had contained significant level 

of salicylic acid in a study to determine impurities in bulk aspirin and aspirin 

formulations by high-pressure liquid chromatography and spectrophotometry (Juhl  and 

krichhoefer,1980). 
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   Crosstabs Chi square test was applied to test the statistical relationship between the two 

categorized variables expired date and actual concentrations of paracetamol dosage 

forms. Again there was no statistical significance between the expired date and the 

rejection of the samples as p-value > 0.05. 

 ANOVA test was applied to test the statistical significance between the analyzed and 

reference content of paracetamol. P-value equals 0.489, which indicated no statistical 

significance between these variables. 

Post Hoc test was applied to make multiple comparisons between manufacturers of 

paracetamol tablets. Both Scheffe and Bonferroni tests were done and the results agreed 

with each other. There was no statistical significance between manufacturers of 

paracetamol as p-value > 0.05. 

5.4 Detection of paracetamol impurities  by TLC 

HPLC is the most modern method used for separation of paracetamol and its 

accompanied impurities PAP and  PCA but as we have already mentioned it is very 

expensive and require highly qualified instruments. A simple TLC method was 

effectively used  for the separation of paracetamol and its,  main impurities PAP and 

PCA. Toluene : acetone : acetic acid (20 ml : 20ml : 20 drops) was choosen as a 

preferable mobile phase for this purpose. We choose this mobile phase after trials of 

several mobile phases and it was the best one that gives a good spot separation and 

better Rf values. 

No spots for impurities in paracetamol samples (tablets, syrups, suppositories) were 

detected at short wavelength (254 nm). These results confirm paracetamol quantitative 

assay which indicated that, all paracetamol samples were within the acceptable limits.  
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5.5 Color test of PAP 

P-minophenol is analyzed in USP  by color development by oxidation of p-aminophenol 

to indophenone by using alkaline nitroferricyanide solution, followed by measurement 

of absorption at 710 nm (USP 2009). In BP P-aminophenol is detected by liquid 

chromatography using 0.01M sodium butanesulphonate in a  mixture of water, formic 

acid and methanol (85: 0.4: 15) as mobile phase and a detection wavelength of 272 nm 

(BP'2009). Potassium dichromate solution was applied successfully to determine PAP. 

Dichromate is available and cheep oxidizing agent. The test was sensitive to detect PAP 

in diluted concentration (0.005%). These results show applicability of the test for diluted 

concentration of PAP, which can save a lot of time, work and labour. 
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Chapter 6 

CONCLUSIONS AND RECOMMENDATIONS 

      6.1 CONCLUSIONS 

         1.  Spectrophotometric analysis of aspirin and salicylic acid was successfully applied    

to assay aspirin and salicylic acid simultaneously. 

         2. Aspirin content range from 82.59 % to 103.38 %. 52% of the aspirin tablets were 

rejected. 

         3. Salicylic acid was detected as a degradation product in 21% of the examined aspirin 

tablets available to be dispensed in MOH, UNRWA or private pharmacies. 

         4. Detectable salicylic acid was identified in aspirin effervescent and buffered tablets, 

but it was not exceed the tolerance limit (3.0%). 

         5. No statistical significance between aspirin content and shelf life was noticed among 

examined samples, indicating instability of aspirin. 

         6. Detectable variation in aspirin content was manifested among manufacturers of 

aspirin tablets, involved in the study. 

         7. Examined paracetamol dosage forms (tablets, syrups and suppositories) have      

paracetamol content ranged between 92-97%, which lies within the pharmacopoeia 

requirements. 

         8.  Neither PAP nor PCA were detected in tested paracetamol dosage forms. 
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          9. No statistical significance between paracetamol content in dosage forms and shelf       

life as well as between manufacturers of paracetamol dosage forms. 

          10. 0.5% potasium dichromate was used to identify PAP at a concentration of 0.005%   

withen the pharmacopoeial criteria. 

11.  Toluene : acetone : acetic acid (20 ml : 20ml : 20 drops) was a good mobile phase     

for separation of paracetamol, PAP and PCA simply and effectively by TLC.  

   12. Ethyl acetate : acetic acid (200 : 1) was a good mobile phase for separation of 

chemically closely related substances aspirin and its main impurity salicylic acid by 

simple TLC. 
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6.2 RECOMMENDATIONS 

 1. Drugs used in the Gaza strip should  not only pass the tests asked by MOH in the 

analysis certificate but also should qualify the specified threshold of a new 

impurity.  

 2. Quality control tests for drugs must be continued after being dispensed to the 

pharmacies for marketing. 

 3. Good conditions of storage and transport must be asked and controlled regularely 

from responding authorities. 

 4.  Critical factors must be considered regarding drug manufacturing : 

 Bulk drugs quality. 

 Use of production method based on stability studies. 

 Appropriate packaging. 

 5. Aspirin must be closely packaged using good aluminum foil and not being        

packaged in large plastic boxes which is remarkable in MOH pharmacies.  
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