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Abstract��
Purpose: The objective of the this study is to assess the quality of twenty six 

formulations of three essential drugs (ten brands of paracetamol tablets, nine brands of 

ciprofloxacin hydrochloride tablets, and seven brands of amoxicillin trihydrate 

capsules) marketed in Palestine.  As well, use and  validate an analytical method which 

will be easy to handle, accurate, simple and inexpensive for assay of content of 

ciprofloxacin hydrochloride in the tablets and amoxicillin trihydrate in the capsules. 

Method: The quality of paracetamol tablets was assessed through evaluation of 

identification, diameter, thickness, uniformity of weight, friability, hardness, 

disintegration, dissolution as well as assay of content of active ingredient, while for 

ciprofloxacin hydrochloride tablets and amoxicillin trihydrate capsules evaluation 

through identification using iron (III), uniformity of weight, disintegration, dissolution 

and  assay of content of active ingredient using spectrophtometric method. 

Results: All brands of paracetamol tablets passed the British Pharmacopoeia 2005 

standards for identification, uniformity of weight, friability, disintegration, dissolution 

tests and assay of content of  active ingredient. 

All ciprofloxacin hydrochloride tablets and amoxicillin trihydrate capsules brands 

passed the identification test by using iron (III) through comparing the resulted color 

from brands with the color which resulted from the  pure active substance. 

All brands of ciprofloxacin hydrochloride tablets and amoxicillin trihydrate capsules 

passed British Pharmacopoeia 2005 standards for uniformity of weight and  

disintegration tests, and passed United States Pharmacopoeia 30 standard for dissolution 

test except one brand of ciprofloxacin hydrochloride tablets failed the dissolution test. 



 V

Six of nine brands of ciprofloxacin hydrochloride tablets and one of seven brands of  the 

amoxicillin trihydrate capsules do not comply with British Pharmacopoeia 2005 

standard for assay of content of active ingredient.  

Conclusion: All brands of paracetamol tablets, only three of nine brands of 

ciprofloxacin hydrochloride tablets and six of seven brands of amoxicillin trihydrate 

capsules meet quality specifications in Pharmacopoeia.   

Reaction of  ciprofloxacin hydrochloride and amoxicillin trihydrate with iron (III) is 

sensitive, selective, simple, efficient, inexpensive, and rapid for identification, also the 

spectrophotometric method used in assay of content of active ingredient of  

ciprofloxacin hydrochloride tablets and amoxicillin trihydrate capsules is simple, 

inexpensive, easy to use and could be used in routine monitoring especially in the 

absence of high technology equipments. 

In general this study shows the needing for more market monitoring of all available 

brands of all drugs on the Palestinian drug market. 

 

Keywords:  essential drugs, Palestine, quality control, iron (III), spectrophotometer.  
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1 Introduction��
1.1  Background  

1.1.1 Essential drugs  

          Reasonable access to health care in any country of the world is a human right and 

governments should do their best to ensure the provision of a high quality health care 

for their people (Fattouh, 2005).  Some of the necessary components of any health care 

system are health services, qualified staff, and drugs (Fattouh, 2005). Of these 

components, drugs must have special concern as they have curative and preventive roles 

(Fattouh, 2005).  Furthermore, they are costly and might be dangerous, therefore they 

must be managed and used rationally (Fattouh, 2005).  

        In order to ensure high quality health care with safe use of drugs, at the 1978 the 

Alma Ata conference (World Health Organization (WHO)/United Nations International 

Children's Emergency Fund (UNICEF) conference) have developed the important 

principles for the Primary Health Care (PHC) system, one of them was the availability 

of the Essential Drugs List (EDL) (Fattouh, 2005).   

        WHO defined  essential drugs as" those that satisfy the needs of the majority of the 

population and therefore should be available at all times, in adequate amounts, in 

appropriate dosage forms and at a price the individual and the community can afford 

(WHO, 2001). 

      Essential drugs are the foundation for nearly every public health program aimed at 

reducing morbidity and mortality in the developing world, and pharmaceutical 

expenditure can account for a high proportion of the total health expenditure of a 

country (Pecoul et al., 1999). 

      An increasing number of pharmaceutical products are available in the world market, 

and there has been rapid growth in both drug consumption and expenditure          
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(WHO, 2001).  However, many people throughout the world cannot afford the drugs 

they need, either because these drugs not available or too expensive, or because there 

are no adequate facilities or trained professionals to prescribe them (WHO, 2001). 

         Although hard data are unavailable, WHO has estimated that at least one-third of 

the world's population lacks access to essential drugs; even it increases more than one 

half in poor areas of Asia and Africa (WHO, 2001).  Millions of children and adults die 

every year from diseases that could have been prevented or treated with cost-effective 

and inexpensive essential drugs (WHO, 2001). 

        Since 1975, WHO has developed the first EDL and since that date, it has a very 

powerful role with many developed and developing countries helping them to adapt 

their national EDLs in order to improve and maintain the availability, accessibility, and 

appropriateness of drugs provided to clients (Fattouh, 2005).  Palestine developed and 

endorsed its first national EDL in 2000 and began to develop strategies for the 

implementation of this list in order to improve the quality of the health care by 

improving the rational use and improving the cost-effectiveness of health care as well 

(Fattouh, 2005). 

 

1.1.2 Quality of the drugs 

     Quality of the drug according to the modern definition requires that the product 

contain the quantity of each active ingredient claimed on its label within the applicable 

limits of its specifications, contain the same quantity of active ingredient from one 

dosage unit to the next, be free from extraneous substances, maintain its potency, 

therapeutic availability and appearance until used, and upon administration release 

active ingredient for full biological availability (Banker, 2002). 
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         Quality control is the part of Good Manufacture Practice (GMP) that is concerned 

with sampling, specifications, testing, documentation and release procedures which  

ensure that the necessary and relevant tests are actually carried out and that the materials 

are not released for use, not products released for sale or supply, until their quality has 

been judged to be satisfactory (WHO & Cairo university, 1994). 

       Increasing economic activities in many parts of the world has led to proliferation of 

pharmaceutical manufacturing industries with attendant introduction of many brands of 

the same drug into the drug market (Nwodo et al., 2007). 

       The increase in the number of generic drug products from different multiple sources 

has placed people and prescribers in a position of selecting one from among several 

seemingly equivalent products (Odeniyi et al., 2003). 

       Many of these products are inexpensive and affordable, but with uncertainly about 

their quality (Nwodo et al., 2007). 

        Regular control of drug products has long been an integral part of the pre-and post-

marketing quality control to safeguard the public.  In Thailand 1999 the division of drug 

analysis, department of medical sciences, has initiated the program called quality 

assurance of drugs in order to evaluate the quality of selected drugs in the national  EDL 

(Akarawut et al., 2002). 

      However, many developing countries do not have an effective means of monitoring 

the quality of generic drug products in the market (Odeniyi et al., 2003).  This results in 

a widespread distribution of substandard and/or counterfeit drug products          

(Odeniyi et al., 2003).  It was in view of this fact that WHO issued guidelines for global 

standard and requirements for registration, assessment, marketing, authorization and 

quality control of generic pharmaceutical products (Odeniyi et al., 2003). 
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      Generic drug products must satisfy the standards of quality, efficacy and safety as 

those applicable to the innovator products (Odeniyi et al., 2003).  Preliminary 

physicochemical assessment of the products is very important and in vitro dissolution 

testing can be a valuable prediction of the in vivo bioavailability and bioequivalence of 

oral solid dosage forms (Odeniyi et al., 2003). 

        The questions of drug quality, drug cost, drug selection and effectiveness, and 

proper drug utilization have become a matter of widespread public interest         

(Banker, 2002). It is thus very important for pharmacists to be highly knowledgeable 

concerning all aspects of drug product quality and optimal drug utilization on an 

individual patient basis (Banker, 2002). 

       Poor quality may be accidental, with no intention to deceive, but oversights in 

manufacturing or neglected controls can have tragic consequences (Pecoul et al., 1999).  

Such case was occurred in Haiti in 1995 where glycerin (a raw material used in the 

acetaminophen formulation) was contaminated with 24 % of diethylene glycol, this lead 

to an epidemic of severe systemic toxicity and deaths (O'Brien et al., 1998). 

      If available, affordable, of good quality and properly used, drugs can offer a simple, 

cost-effective answer to many health problems (WHO, 2001).  In many countries drug 

costs account for a large share of the total health budget (WHO, 2001).  Despite the 

obvious medical and economic importance of drugs there are still widespread problems 

with lack of access, poor quality, and irrational use (WHO, 2001). 

 

1.1.3 Assay of content of ciprofloxacin hydrochloride in the tablets and ���

��������amoxicillin trihydrate in the capsules 

        Liquid chromatographic technique is the official method specified in the�official 

books for ciprofloxacin hydrochloride tablets and amoxicillin��trihydrate�capsules assay.  
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However, the equipment is not readily affordable due to its high�cost and maintenance.  

Hence, the need to develop a simple method which can easily be used to monitor the 

quantity of these drug products can not be over emphasized.  In this study,  

Dibbern et al. method  was used to determine the content of ciprofloxacin hydrochloride 

in the tablets and amoxicillin trihydrate in the capsules which based on using 0.1 M 

sodium hydroxide and measure absorbance using Ultra Violet (UV)-visible 

spectrophotometer. 

 

1.2  Justification of the study 

       There is an increase of generic drug products from different multiple sources in 

Palestine, and the physicians have noticed that some medicines which have the same 

active pharmaceutical ingredient from different companies differ in its effectiveness.  

So this study is covering the quality control tests of some essential drugs that are 

available on Palestinian market. 

      In Palestine the distribution of local drugs by therapeutic action indicated that 

antibiotic represent first higher percent 34 % and analgesic non narcotic represent 

second higher percent 20 % of other therapeutic classes.  Also the distribution of local 

drugs by dosage forms indicated that the tablet represent first higher percent 30 % and 

capsules represent second higher percent 15 % of other dosage forms                      

(WHO & MOH, 2000).  So in this study, antibiotic tablet and capsule forms and 

analgesic tablet form were investigated for the quality control test. 

      Different methods for the assay of ciprofloxacin hydrochloride in the tablets and 

amoxicillin trihydrate in the capsules were presented in literature, but it need high cost, 

and availability of many chemical materials.  So it is vital to develop a simple method 

which can easily be used, accurate, simple and inexpensive to monitor the quantity of 

the drug products. 
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1.3 Objectives of the study  

1.3.1 General objective 

     The main objective of this study is to assess the quality of three essential drugs 

(ten brands of paracetamol tablets, nine brands of ciprofloxacin hydrochloride 

tablets and seven brands of amoxicillin trihydrate capsules) available on the 

Palestenian drug market.  This study also used and validated an analytical method 

for the assay of content of ciprofloxacin hydrochloride in the tablets and amoxicillin 

trihydrate in the capsules, which will be easy to use, accurate, simple and 

inexpensive when compared with other methods. 

 

1.3.2 Specific objectives   

    Identify of ciprofloxacin hydrochloride in the tablets and amoxicillin 

trihydrate in the capsules based on the reaction of ciprofloxacin or amoxicillin 

with iron (III), which is simple, rapid, sensitive, selective and inexpensive 

method when compared with other official method. 

    Determine the effect of the hardness on the disintegration time and the 

dissolution rate. 

    Determine the relation between the  disintegration and the dissolution. 

    Establish the dissolution profile and predict the state and the differences of 

bioavailability between the brands. 

��
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2 Literature Review 

2.1 Essential drugs 

2.1.1 Essential drugs concept 

       In 1975 the first definition of essential drugs was formulated by the WHO director-

general Dr. Half Den Mahler who puts drugs issues on the international development 

agenda and defined essential drugs as "those considered to be of utmost importance and 

hence basic, indispensable and necessary for the health needs of the population" 

(Fattouh, 2005). 

       It is obvious from the meaning of the essential drugs concept as they are limited 

and carefully selected based on safe and cost-effective clinical guidelines that, they are 

leading to more rational prescribing, to better supply of drug, and to lower costs 

(Fattouh, 2005).   

       By 2002 the following definition was proposed: �Essential medicines are those that 

satisfy the priority health care needs of the population (Mirza, 2008).  They are selected 

with due regard to public health relevance, evidence on efficacy and safety, and 

comparative cost effectiveness (Mirza, 2008).  Essential medicines are intended to be 

available within the context of functioning health systems at all times in adequate 

amounts, in the appropriate dosage forms, with assured quality and adequate 

information, and at suitable a price the individual and the community can afford   

(Mirza, 2008).  The implementation of the concept of essential medicines is intended to 

be flexible and adaptable to many different situations; exactly which medicines are 

regarded as essential remains a national responsibility� (Mirza, 2008). 
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2.1.2 Essential drugs list 

      Essential drugs in the national list must be listed in the generic names         

(Fattouh, 2005).  Also, any donated drugs must be from the national EDL of the 

recipient country or, if a national list is not available, on the WHO model list of 

essential drugs, unless specifically requested drugs by the recipient (Fattouh, 2005).  By 

this way the drugs which will be a available in the country will be only the essential 

drugs (Fattouh, 2005).    

     The structure of the WHO model Essential Medicines List (EML) has remained 

largely unchanged since first published; medicines are divided into two categories: 

a) Core, defined as efficacious, safe, and cost-effective medicines for priority 

conditions (selected on the basis of current and estimated future public-health 

relevance and potential for safe and cost effective treatment)                        

(Laing et al.; 2003). 

b) Complementary, defined as medicines for priority diseases which are efficacious,  

�����safe and cost-effective but not necessarily affordable, or for which specialized   ��

�����health care facilities or services may be needed (Laing et al.; 2003). 

      What started as a list of 208 medicines in 1977 has been reviewed 15 times since 

then (Mirza, 2008).  Every two years, a systematic review is conducted by the WHO 

expert committee on selection of medicines (Mirza, 2008).  Many medicines have been 

added to the list, some have been removed and others have been replaced with better 

alternatives (Mirza, 2008).  The 15th edition of WHO model list of essential medicines 

(2007) consists of 340 medicines (Mirza, 2008). 

      The number of countries which revised their national EML increased from 1985 to 

1999, also it appears that the national EML present more in low and middle income 

countries than high income countries as shown in figure 2.1 (WHO, 2004). 
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Figure 2.1: Cumulative number of countries with a national essential medicines list ��
������������������� revised��within five years (WHO, 2004). 
 

  

2.1.3 WHO model formulary 

          The original purpose of the formulary was to provide general information and 

information on prototype drugs in the model list of essential drugs according to the 

specifications as shown in the sample drug information sheet (WHO, 2007).  This 

information could then be adapted by countries according to their own needs and would 

be a key element in rational drug use (WHO, 2007).  So the main use of WHO model 

formulary is as a clinical or teaching tool and therefore that should be the main focus of 

the product (WHO, 2007). 

          The WHO model formulary was first published in 2002, and  updated  in 2004, 

2006 and 2008 (WHO, 2007). 
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2.1.4 History of essential drugs 

        The principle appearance of essential drugs concept that some medicines were 

more essential than others, pointing out that many medicines in developing countries 

were not useful, whereas others that were did not reach populations at need            

(Laing et al.; 2003).  In May 1975, Dr Halfdan Mahler, director-general of WHO, 

strongly advocated for the development of national pharmaceutical policies based on the 

affordability, quality and availability of drugs (Mirza, 2008).  A resolution was passed 

and the national pharmaceutical policies was formulated which meet the actual health 

needs of the people (Mirza, 2008).  Rapidly, the concepts of essential drugs and 

National Drug Policy (NDP) entered the vocabulary of global public health          

(Mirza, 2008).  After the compilation of national practices based on lists of basic drugs 

in 1976, the first meeting of the expert committee on selection of essential drugs was 

held and in 1977 WHO adopted the first model list of essential drugs (Mirza, 2008). 

       At the 1978 the Alma Ata conference (WHO/UNICEF conference), provision of 

essential medicines was identified as one of eight key components of PHC            

(Laing et al.; 2003). 

        In 1979, WHO had another important step related to the essential drugs which was 

the establishment of the WHO action program on the essential drugs (Fattouh, 2005).   

     In 1985, Nairobi conference resulted in the development of WHO�s revised drug 

strategy, in which the model list was recognized as important mainly for public sectors; 

the emphasis was moved beyond selection of drugs to their procurement, distribution, 

rational use, and quality assurance (Laing et al.; 2003). 

     In 1991 review of changes in the essential drugs list highlighted growth of list and an 

increase in the number of substitutional drugs (Laing et al.; 2003).  Also inclusion of 
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comparative cost information was suggested and many countries adopted the essential 

drugs approach (Laing et al.; 2003). 

        In 2002 several antiretroviral drugs added to the list.  New list published on the 

internet within days of the meeting (Laing et al.; 2003).  The alphabetical and 

anatomical therapeutic chemical classifications and translations in four languages 

appeared within months and WHO developed a web-based essential medicines library 

(Laing et al.; 2003). 

       In 2008 a new WHO model list of essential medicines for children was published 

for the first time (Mirza, 2008). 

 

2.1.5 Development of the Palestinian essential drugs list 

         Early in 1994 a technical expert from WHO was assigned to formulate the 

Palestinian EDL (Fattouh, 2005).  In 1997, two senior pharmacists representing Gaza 

Strip and West Bank were chosen to continue the formulation of the Palestinian EDL 

(Fattouh, 2005). 

         The first practical stage was the choosing of drugs list (of 550 drugs) in Gaza Strip 

independently and another one (of 700 drugs) in West Bank independently         

(Fattouh, 2005).  Then the two lists were merged together into one list (Fattouh, 2005).  

The drugs were mentioned on the list compared to the list version of WHO EDL and 

draft list was sent to World Bank consultant for essential drugs review (Fattouh, 2005). 

        On March 1st 2000, the final Palestinian EDL was approved by the Ministry Of 

Health (MOH) which held many training courses on the using of the Palestinian 

national formulary and EDL (Fattouh, 2005).  The quality improvement program with 

the financial support of WHO has held training courses in north, Gaza and middle zone 

governorates in 8/2001, and has held other courses in the south including Rafah and 



2. Literature Review��

 ��

Khanyounis in 8/2001 (Fattouh, 2005).  The trainees were selected involving both 

physicians and pharmacists and were trained to conduct training programs in their 

facilities (Fattouh, 2005).  It is worth mentioning that, it is important for MOH in 

Palestine, to continuously ensure a systematic process for updating the national drug 

list, to keep the list suitable for the current health condition of the population and to 

involve the newly approved drugs (Fattouh, 2005). 

         According to the Palestinian health status, after revising and following the WHO 

model for EDL, the Palestinian EDL includes the alphabetical classification of the 

essential drugs according of pharmacological groups, subgroups, with all dosage forms 

of active principles and all drugs were listed in their generic names (Fattouh, 2005). 

       The Palestinian national formulary includes the Palestinian EDL and follows the 

WHO recommendations on the formulation of the national formularies (Fattouh, 2005).  

The Palestinian national formulary contains 30 chapters each one includes certain 

therapeutic group. Each chapter and sub-chapter has an introduction includes a short 

overview of the drug groups and its uses (Fattouh, 2005). 

         Regarding United Nations Relief and Works Agency (UNRWA) clinics, they have 

their own pharmaceutical system, in which they use the WHO model of EDL     

(Fattouh, 2005).  They provide the health and pharmaceutical services freely     

(Fattouh, 2005).  Additionally, Non Governmental Organizations (NGOs) have their 

own pharmaceutical system and they don't necessarily comply with the Palestinian EDL 

(Fattouh, 2005).  Despite of this current situation, MOH intends to generalize the 

essential drugs program and the use of the Palestinian EDL cross the different providers 

(Fattouh, 2005).   
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2.1.6 National drug policy and the selection of essential drugs 

       Many changes in the patterns of diseases and drug demand, as well as the rise of 

new disease, the re-emergence of other diseases and increasing drug resistance of 

potentially fatal diseases, all of these problems along with the attitudes and behaviors of 

governments, prescribers, dispensers, consumers, and drug industry all contributed to 

the increase spending on drugs and growing pressure on health resources           

(Fattouh, 2005).  As a result, WHO recommends that all countries formulate and 

implement a comprehensive NDP, which is a commitment to a goal and a guide for 

action which presented and printed as an official government statement, to act as a 

formal record of aims, and decisions (Fattouh, 2005).  NDP helps in identifying the 

needs and prioritizes the medium to long goals and identifies the strategies to achieve 

them (Fattouh, 2005).  It is very important for the NDP to be developed and to fit within 

the framework of the national health policy (Fattouh, 2005).  

         The NDP has four major objectives which are availability of essential drug, 

affordability of essential drugs, quality of  drugs and rational use of drugs          

(Fattouh, 2005).  One of the key components of NDP is the regulation and quality 

assurance of essential drugs (WHO, 2001). 

2.1.6.1 Criteria for the selection of essential drugs 

 Only those dugs which have adequate data on efficacy and safety are available 

should be selected (WHO, 1995). 

 Each selected drug must be available in a form in which adequate quality, 

including bioavailability, can be assured; its stability under the anticipated 

conditions of storage and use must be established (WHO, 1995). 

 When several drugs are available with the same indication, or when two or more 

drugs are therapeutically equivalent, the choice between them should be made 
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on the basis of careful evaluation of their relative efficacy, safety, quality, price 

and availability (WHO, 1995). 

 In cost comparisons between drugs, the cost of the total treatment, and not only 

the unit cost of the drug, must be considered.  The cost/benefit ratio is a major 

consideration in the choice of some drugs for the list (WHO, 1995). 

 In some cases the choice may also be influenced by other factors, such as 

comparative pharmacokinetic properties, or local considerations such as the 

availability of facilities for manufacture or storage (WHO, 1995). 

 Factors such as the training and experience of the available personnel, genetic, 

demographic and environmental factors also affected on the choice of drugs 

(WHO, 1995). 

 Most essential drugs should be formulated as single compound (WHO, 1995).  

Fixed-ratio combination products are acceptable only when the dosage of each 

ingredient meets the requirements of a defined population group and when the 

combination has a proven advantage over single compounds administered 

separately in therapeutic effect, safety, compliance (WHO, 1995) and cost 

(WHO, 1988). 

 The prevalence of particular diseases may in some cases require the use of one 

kind of drug rather than another (WHO, 1988). 

 New drugs should be introduced into an essential drugs list only if they offer 

distinct advantages over drugs selected previously (WHO, 1988).  If new 

information on drugs already in the list shows that they no longer have a 

favorable benefit/risk ratio, they should be deleted and replaced by safer drugs 

(WHO, 1988). 



2. Literature Review��

 ��

 The essential drugs list should be updated at least every second year and more 

often if necessary (WHO, 1988).  Revision is likely to be needed because of 

advances in drug therapy and in order to meet the needs of practice in the light 

of clinical experience (WHO, 1988). 

 

2.1.7 The impacts of developing and using the essential drugs 

 The first benefit of using essential drugs is saving lives and reducing suffering 

especially as they promote the rational drug use (Fattouh, 2005).    

 Drugs which are selected on the basis of safe and cost-effective clinical 

guidelines lead to more rational prescribing and therefore to higher quality of 

care better value for money and better supply of drugs (WHO, 2001). 

 Training of health workers and drug information in general can be more focused. 

 Prescribers gain more experience with fewer drugs, and recognize drug 

interactions and adverse reactions more easily (WHO, 2001). 

 Quality assurance, procurement, storage, distribution and dispending are all 

easier with a reduced number of drugs (WHO, 2001). 

 Ensure a regular supply of essential drugs will result in real health gains and in 

increased confidence in health services (WHO, 2001). 

 The procurement of fewer items in large quantities results in more price 

competition and economies of scale (WHO, 2001). 

Internationally, in 1993 drug spending accounted for 5 to 20 % of total health 

spending in average (Fattouh, 2005).  For most ministries of health in 

developing and developed countries, public spending on pharmaceuticals 

represents the largest health expenditure after staff salaries (Fattouh, 2005).  

Indeed, in some countries, drug expenditure as percentage of public health care 
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spending can be as high as 40 % (Fattouh, 2005).  By focusing on essential 

drugs, rational drug selection, good procurement practices and limited number 

of drugs can be cost-effective for the governments and best health care value for 

public pharmaceutical expenditure can be assured (Fattouh, 2005).    

 

2.2 Quality of the drugs  

2.2.1 Drug regulation 

          WHO has defined drug regulation as a process which encompasses various 

activities, aimed at promoting and protecting public health by ensuring the safety, 

efficiency and quality of drugs, and appropriateness accuracy of information 

(Mohamed, 2007).  Medicines regulation is a key instrument employed by many 

governments to modify the behavior of drug systems (Mohamed, 2007).  Stringent drug 

regulation was introduced across many countries in the 1960, and had since been 

embraced by the industry as a commercial essential seal of safety and quality 

(Mohamed, 2007). 

         Experience has shown that poor regulation of medicines can lead to the prevalence 

of substandard, counterfeit, harmful and ineffective medicines on the national markets 

and the international commerce (Mohamed, 2007). 

 

2.2.2 Definition of the quality control of the drugs 

         Quality control is all measures designed to ensure the output of uniform batches of 

drugs that conform to established specifications of identity, strength, purity, and other 

characteristics (WHO, 1988). 
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2.2.3  Criteria for drug and drug product quality  

         From about 1900 until recent decades, standards of identity (the product is what it 

is actually labeled to be), potency (the active ingredient is present in the labeled 

amount), and purity (limiting non drug materials as well as describing the amount of 

active ingredient(s) in natural substances) were thought to define drug quality     

(Banker, 2002).  The addition of a few physical tests, such as weight variation and 

disintegration time to products such as tablets and capsules, was thought to accurately 

define the quality of these products (Banker, 2002). 

          The designation "quality" applied to a drug product, according to a modern 

definition, requires that the product (Banker, 2002): 

 contain the quantity of each active ingredient claimed on its label, within the 

applicable limits of its specifications. 

 contain the same quantity of active ingredient from one dosage unit to the next. 

 be free from extraneous substances. 

 maintain its potency, therapeutic availability and appearance until used.  

 upon administration, release active ingredient for full biological availability. 

From the definition of the quality we see that the concepts of identity, potency and 

purity are retained in the first three criteria, and the bioavailability potency maintenance 

(including maintenance of pharmaceutical elegance and therapeutic availability of full 

biological availability) are added (Banker, 2002). 

 

2.2.4 History of drug development 

         One interesting  way of examining drug and drug product quality is to analyze the 

changes in drugs and drug products over centuries (Banker, 2002).  The history of drugs 

and drug products is expressed as  a time continuum (Banker, 2002). 
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        Historically, the first synthetic pharmaceutical aspirin was introduced in 1897 

(Fattouh, 2005).  In 1941, the world has seen the first modern antibiotic, two years later 

1943 the first commercially anti-malaria drug has been formulated, and in 1944 the first 

anti tubercular drug was formulated (Fattouh, 2005).  The 1950 showed the first use of 

many new drugs, from these drugs, the oral contraceptives, diabetes drugs, and drugs of 

mental illness (Fattouh, 2005). After this, rapid development in the field of 

pharmaceuticals has been achieved, including the development of drugs for other 

infectious diseases, for cardiovascular diseases and for wide range of other health 

conditions (Fattouh, 2005).    

         Although the middle ages ended around 1450, historically speaking, drugs and 

drug products did not progress substantially above the quality and knowledge level of 

the medieval period until the late nineteenth and early twentieth centuries           

(Banker, 2002).  Drug and drug product advancement the last 50 - 60 years have 

surpassed the total advancement in the field over the entire 4000 year history of drug 

development (Banker, 2002).  In the twenty-first century and the biotechnology 

scientific era, there is every likelihood that the rate of advancement in pharmacotherapy 

will overshadow everything which were known in the past (Banker, 2002). 

 

2.2.5 Drug quality in the world  

         In several developing countries drug quality is a source of concern.  There is a 

general feeling there is a high incidence of drug preparations, which are not of 

acceptable quality (Mohamed, 2007).  WHO reported that �the quality of medicines 

varies greatly, particularly in low-income countries, both in manufacturing and in the 

distribution system (Mohamed, 2007).  In many of these countries, 20 % to 30 % of 

samples collected from markets failed in their quality tests.  For example, the 
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percentage of drugs that failed quality control testing was found to be 92 % in the 

private sector of Chad (Mohamed, 2007). 

        It has been estimated that up to 15 % of all medicines sold across the world are 

fake (Mohamed, 2007).  About 70 % of counterfeit medicines were reported by 

developing countries mainly in Africa and Asia (Mohamed, 2007).  Reports from Asia, 

Africa, and South America indicate that 10 % to 50 % of prescriped medicines in 

certain countries may be counterfeit (Mohamed, 2007).  Even in developed countries 

with well controlled drug distribution systems, counterfeit medicines are believed to be 

in existence.  For example, in the United States of  America the proportion of drugs that 

are counterfeit is thought to be less than 1 % (Mohamed, 2007). 

      For instance, in Nigeria where fake medicines may be more prevalent in circulation 

(60 � 70 %) than genuine medicines, 109 children died in 1990, after being 

administered fake paracetamol (Mohamed, 2007).  Other cases were reported in Haiti in 

1995 and in India in 1998, where the consumption of counterfeit paracetamol cough 

syrup led to eighty-nine deaths and thirty infants deaths respectively (WHO, 2003). 

      A recent study concluded that up to 40 % of artusenate products (the best medicine 

to combat resistant malaria today) contain no active ingredients and therefore have no 

therapeutic benefits (WHO, 2003). 

     During the meningitis epidemic in Niger in 1995, over 50,000 people were 

inoculated with fake vaccines, received as a gift from a country which thought they 

were safe.  The exercise of these fake vaccines resulted in 2,500 deaths (WHO, 2003). 

     A study conducted in South-East Asia in 2001 revealed that 38 % of 104 antimalarial 

drugs on sale in pharmacies did not contain any active ingredients and had resulted in a 

number of preventable deaths (WHO, 2003). 
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       Percentage breakdown of data on 325 cases of substandard drugs reported from 

around the world showed in figure 2.2 revealed  that in 60 % of the 325 cases an active 

ingredient was missing from the product, incorrect ingredient (16 %), incorrect amount 

(17 %) and 7 % of other errors such as fake packaging (Zyl, 2004). 

 

 

 

 

 

   

 
Figure 2.2: Percentage breakdown of data on 325 cases of substandard drugs ��

������������������� reported from around the world to WHO database (Zyl, 2004). 
 

 

2.2.6 Drug quality in Palestine 

         The quality of drugs in the West Bank and Gaza Strip is generally good         

(WHO & MOH, 2000).  Ensuring the quality of drugs, in the public and private sectors, 

is the responsibility of the drug quality assurance and registration division in the MOH�s 

general directorate of pharmacy (WHO & MOH, 2000).  In practice, there are duplicate 

directorates, one in the West Bank and another in the Gaza Strip.  Both carry out the 

same activities (WHO & MOH, 2000).  

         The drug quality assurance and registration division consists of three regulatory 

departments(WHO & MOH, 2000): 
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1) The registration department: 

    It is responsible for registering pharmaceuticals after ensuring that the drug under     ��

���consideration has been tested for good quality, safety and effectiveness. 

2) The inspection and GMP implementation department: 

    It is responsible for: 

 sampling and following up the results of drug analysis. 

 inspecting of the local pharmaceutical plants to ensure that GMP is implemented 

correctly. 

 investigating complaints about pharmaceutical products. 

3) The quality control laboratory: 

    It does not exist in practice (WHO & MOH, 2000).  Quality control analyses are 

currently carried out on a contract �basis at the laboratories of  Birzeit, Al-Najah  and 

Al-Azhar universities (field��interview).  

 Analyses are limited to those samples taken from drugs (WHO & MOH, 2000): 

 (a) bought by the government, NGOs and charitable organizations.  

 (b) to be donated to public and charitable health institutions. 

 (c) to be newly registered. 

 (d) entering the private market (but only rarely). 

       The laboratories cannot process a large number of samples and cannot analyze all 

types of drugs.  The MOH is therefore planning to enter into contractual agreements 

with laboratories in Jordan, Egypt and Israel for quality testing (field��interview). 

      The forthcoming project, financed by the Italian government to establish a central 

public health laboratory under the umbrella of the MOH could remove several of the 

constraints that currently limit drug quality testing activities (WHO & MOH, 2000). 
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        The quality standards adopted by the MOH are those published periodically in the 

British Pharmacopoeia (BP), in USP, in the European Community and in the 

International Pharmacopoeia (WHO & MOH, 2000).   

       The drug quality assurance and registration division is facing a number of    �������

�������difficulties, which can be summarized as following (WHO & MOH, 2000): 

  Staffing is not adequate: there are few staff members in the West Bank  and in 

the Gaza Strip. 

  The staff are not adequately trained for their duties and there is no organized 

program for training to upgrade their skills . 

  The laboratories performing the tests for quality control are not run by the 

division. 

  Relevant updated literature is not available in the division. 

  Different regulations apply in the West Bank and in Gaza Strip, and there are 

duplicate divisions. 

 There are no clear guidelines (procedures) for assessing drug quality, nor are 

there written inspection procedures. 

 

2.2.7 Reasons for the importance of  the drug product quality  

         The reasons for the broad based interest in drug product quality are based on the 

following factors (Banker, 2002): 

a) A clear realization that drug products are different from other consumer 

products.  This will be demonstrate as the  following: 

 People lack the skills and sophistication to evaluate the quality and 

appropriateness of their prescription drug products, whereas they do have  

�some ability to evaluate most other consumer products. Furthermore, 
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consumers do not select prescription products as they do��nearly every 

other product they purchase or use. 

 The drug products are typically more critical to the consumer's well - 

being than are other products.  A poor quality drug product can have 

more serious consequences than a poor quality consumer product of any 

other category.  Poor quality or counterfeit medicines may lead to low 

efficacy, adverse clinical results, treatment��failure or death at the 

individual level and to public health problems by encouraging drug 

resistance (Mohamed, 2007). 

 Drug products are also more complex than nearly any other class of 

consumer product. 

b) Rapidly increasing health care and drug product costs over the last several 

decades. 

c) Increasing public advertising of prescription drug products, with identification 

of price differentials among chemically equivalent generic products. 

d) Effects of health care reform and increasing pressure to provide a prescription 

drug benefit. 

 

2.2.8 The basic requirements of quality control 

        To achieve effective control of quality, the following points must be taken in 

consideration (WHO & Cairo university, 1994): 

a) Adequate facilities, trained personnel, and approved procedures must be available for 

sampling, inspecting and testing starting materials, packaging materials, and 

intermediate, bulk and finished products, and where appropriate monitoring 

environmental conditions for GMP purposes. 
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b) Samples of starting materials, packaging materials, and intermediate, bulk, and 

finished products must be taken by methods and personnel approved by the quality 

control department. 

c)  Test methods must be validated. 

d) Records must be made (manually and/or by recording instruments) demonstrating 

that all the required sampling, inspecting, and testing procedures have actually been 

carried out and that  any deviations have been recorded and investigated. 

e) The finished products must contain active ingredients complying with the qualitative 

and quantitative composition of the product described in the marketing authorization; 

the ingredients must be of the required purity, in their proper container and correctly 

labeled. 

f) Records must be made of the results of inspecting and testing materials and 

intermediate, bulk, and finished products against specifications; product assessment 

must include a review and evaluation of the relevant production documentation and an 

assessment of deviations from specified procedures. 

 h) No batch of product is to be released for sale or supply prior to certification by the 

authorized person(s) that it is in accordance with the requirements of the marketing 

authorization.  

i)  Sufficient reference samples of starting materials and products must be retained to 

permit future examination of the product if necessary; the retained product must be kept  

in its final pack unless the pack is exceptionally large. 
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2.2.9 Factors affect on the drug products quality 

        Some of the factors and considerations in the design of high-quality drug products 

are shown in the following table 2.1 (Banker, 2002). 

Table 2.1: Factors in the design and production of high�quality drug products �����������
����������������� (Banker, 2002). 

 
Input factors Output factors 

A sound development/design manufacturing base 

The preformulation research database 

    Physicochemical properties of the drug 

    Pharmacokinetic characterization of the drug 

A rational dosage form design 

    Formulation of a stable, reliable system 

Objective preclinical and clinical testing 

A precise, reproducible manufacturing process 

    Well-controlled manufacturing steps 

     Coordinated manufacturing sequences 

    Efficient, sanitary operation 

    Modern plant and equipment 

    Knowledgeable, well-qualified workers 

A sensitive product control system 

     Raw material control 

     Processing controls 

     Final product controls 

          Chemical control standards 

          Physical properties standards 

          Biological and microbiological standards 

Informed, qualified, and responsible personnel 

    Management 

    Research and development 

    Quality control 

    Production 

    Services 

Effectiveness 

Safety 

Reliability 

Stability 

    Physical 

    Chemical 

     Microbiological 

     Bioavailability 

 

Pharmaceutical  

     Appearance 

      Organoleptic properties 

 

Convenience 

    Ease of use  

     Dosing frequency  

     Consumer acceptance 
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2.2.10  Quality control studies of the drug in the world 

          There are many quality control studies and comparatives between  generic drug 

products from multi source in the world.  Some of these drugs were summarized in the 

following table 2.2: 

Table 2.2:  Quality control and comparative studies of some multi sources drugs.  

Drug Reference  Drug Reference 

Acetylsalicylic acid Risha et al., 2002  

Nazerali & 

Hogerzeil, 1998 

Ibuprofen Otsuka et al., 2006 

Albendazole Albonico et al., 

2007 

Imipramine.HCL Lee et al., 1996 

Amitriptyline.HCl Lee et al., 1996 Lamivudine  Beck et al., 2007 

Amodiaquine 

 

Amin et al., 2005 

Minzi et al., 2003 

Metformine  Osadebe & 

Akabogu, 2004 

Amoxicillin  

 
 
 

Kayumba et al., 

2004 

Kyriacos et al., 

2008 

Nazerali & 

Hogerzeil, 1998  

Metronidazole Adegbolagun et al., 

2002  

Bamiro et al., 2007 

Kayumba et al., 

2004  

Ampicillin  Nazerali & 

Hogerzeil, 1998 

Nifedipine  Akarawut et al., 

2002 

Antiepileptic drugs Mac et al., 2009 Norfloxacin  Nwodo et al., 2007 

Antimalarials  Abdo-Rabbo et al., 

2005 

Petralanda, 1995 

Ofloxacin Dorofeev et al., 

2004 

Artesunate Esimone et al., 

2008 

Omeprazole Nikiforova et al., 

1998 

Benzyl penicillin Nazerali & 

Hogerzeil, 1998 

 

Pantoprazole Mansoor et al., 2007 
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Carbamazepine  ÇOMOÐ & 

GÖNÜL, 2005 

Paracetamol Nejem et al., 2007, 

 Risha et al., 2002 

Chloramphenicol Ferraz et al., 2007 Perphenazine Lee et al., 1996 

Chloroquine 

phsphate 

Bamiro et al., 2004 

Patel et al., 2005 

Risha et al., 2002 

Phenobarbital Laroche et al., 2005 

Ciprofloxacin 

hydrochloride 

Adegbolagun et al., 

2007 

Azad et al., 2007 

Issa et al., 2007  

Osadebe et al., 

2003  

Trefl et al., 2007 

Phenoxy methyl 

penicillin    ����� 

Nazerali & 

Hogerzeil, 1998 

Clarithromycin 

 

Nightingale, 2000a 

Nightingale, 2000b 

Nightingale, 2000c   

Piroxicam Osadebe & 

Esimone, 2003 

Docetaxel Vial et al., 2008 Prednisolone Lee et al., 1996 

Doxycycline Nazerali & 

Hogerzeil, 1998 

Procaine benzyl 

penicillin���������� 

Nazerali & 

Hogerzeil, 1998 

Enalapril  Katshiko et al., 

2006 

Quinine  Kayumba et al., 

2004 

Epinephrine Nazerali & 

Hogerzeil, 1998 

Retinol Nazerali & 

Hogerzeil, 1998 

Ergometrine Nazerali & 

Hogerzeil, 1998 

Sulfadoxine-

Pyrimethamine 

Amin et al., 2005 

Hebron et al., 2005 

Minzi et al., 2003 

Odeniyi et al., 2003  

Felodipine  Vetchy et al., 2007 Sulfamethoxazole

/trimethoprim 

Kayumba et al., 

2004 

Ferrous sulphate Nazerali & 

Hogerzeil, 1998 

Tetracycline  Nazerali & 

Hogerzeil, 1998 

Okeke & 

Lamikanra, 1995 
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Furosemide Lee et al., 1996 Valproic acid Fujii et al., 2008 

Haloperidol Lee et al., 1996 Vitamin and  

mineral  

LÖbenberg & 

Steinke, 2006 

Herbal Medicinal 

Products 

Okunlola et al., 

2007 

Zidovudine 

 

Beck et al., 2007 

 

Hydrochlorothiazide Lee et al., 1996   

 

       There are some other studies such as the Pharmacopoeial quality of drugs supplied 

by Nigerian pharmacies (Taylor et al., 2001), and the stability of essential drugs in 

Burkina Faso (Ballereau et al., 1997) and in Sudan (Hogerzeil et al., 1991). 

 

 2.3  Paracetamol tablets, ciprofloxacin hydrochloride tablets   

and amoxicillin�trihydrate capsules 

       The present study was undertaken to provide detailed information of the quality of 

three essential drugs which present in Palestinian EDL 2008 and available on the 

Palestinian market with many brands.  These drugs are paracetamol tablets, 

ciprofloxacin hydrochloride tablets, and amoxicillin trihydrate capsules.  The following 

data is some information about each drug substance. 

 

2.3.1 Paracetamol 

2.3.1.1 Chemical name 

           4'-hydroxyacetanilide; 4-acetamidophenol; N-Acetyl-p-aminophenol;  

N-(4-Hydroxy-phenyl) acetamide; Acetaminophen (Bruchhausen et al.,1994). 
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2.3.1.2 Chemical structure 

 

O

NH

HO

CH3 

 

Figure 2.3: Chemical structure of paracetamol (USP 30). 

2.3.1.3 Formula 

          C8H9NO2 (USP 30) . 

2.3.1.4 Molecular weight 

          151.16 (USP 30). 

2.3.1.5 Appearance 

          White crystalline powder (Fairbrother, 2005).  

2.3.1.6 Solubility and melting point 

           Sparingly soluble in water, soluble 1 g/20 ml of boiling water, 1 g/10 ml of  

alcohol, and  very slightly soluble in dichloromethane and in ether (Parfitt, 1999).  

           Melting point is 168-172  C˸ (Roth et al., 1990). 

2.3.1.7 Identification test 

           BP 2005  specified melting point determination, UV absorption, Infra Red (IR) 

absorption, and oxidation with acid dichromate while USP 30 specified UV absorption, 

IR absorption and Thin Layer Chromatography (TLC) methods for identification of 

paracetamol in raw material.  BP 2005 specified melting point determination, IR 

absorption, and oxidation with acid dichromate and USP 30 specified TLC for 

identification of paracetamol in tablets. 
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2.3.1.8 Methods of analysis 

           BP 2005 specified titrimetric method and USP 30 specified spectrophotometric 

method for determination of paracetamol in raw material. 

BP 2005 specified spectrophotometric method and USP 30 specified liquid 

chromatography for determination of paracetamol in tablets.  

Assay of paracetamol in raw material and in dosage forms has previously been achieved 

by several analytical techniques such as spectrophotometry, electroanalytical methods, 

liquid chromatography, capillary electrophorotic methods, water analysis, titrimetry 

(ShangGuan et al., 2008) and IR spectrophotometry (Sultan et al., 2004).  

2.3.1.9 Clinical Pharmacology 

           It has antipyretic and mild analgesic actions (Dollery, 1992a). 

2.3.1.10 Pharmacology  

           Inhibition of prostaglandin synthesis (Dollery, 1992a). 

2.3.1.11 Pharmacokinetics 

            It is rapidly and completely absorbed after oral administration (oral absorption ! 

95 %), it is highly distributed, it crossed the placenta and is excreted in the breast milk.  

Half life is 1.5 - 3 hours, plasma protein binding is  less than 20 %, it is extensively 

metabolized in the liver, and  some 2 - 5 % excreted unchanged in the urine        

(Dollery, 1992a).  

2.3.1.12 Indications  

             Relief of mild to moderate pain and reduction of fever (Dollery, 1992a). 

2.3.1.13 Contraindications 

             Patient with known sensitivity to paracetamol (Dollery, 1992a). 
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2.3.1.14 Adverse effects  

           Adverse effects of paracetamol are rare and usually mild, although 

haematological reactions including thrombocytopenia, lucopenia, pancytopenia, 

neutropenia, and agranulocytosis have been reported (Parfitt, 1999).  Also skin rashes 

and minor gastrointestinal disturbances have been reported (Dollery, 1992a).  Over 

dosage can result in sever liver damage and sometimes acute renal tubular necrosis 

(Parfitt, 1999).   

2.3.1.15 Drug interactions 

            The risk of paracetamol toxicity may be increased in patients receiving other 

potentially hepatotoxic drugs or drugs that induce liver microsomal enzymes.  For 

example adverse effects of the liver associated with use of paracetamol and antiviral 

drugs like interferons and zidovudine (Parfitt, 1999).  The absorption of paracetamol 

may be accelerated by drugs such as metoclopramide.  Cholestyramine reduces the 

absorption of paracetamol if given within one hour of paracetamol administration 

(Parfitt, 1999).   

 

2.3.2 Ciprofloxacin hydrochloride  

2.3.2.1 Chemical name  

            1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-quinoline 

carboxylic acid monohydrochloride, monohydrate (USP 30). 
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2.3.2.2 Chemical structure 
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Figure 2.4: Chemical structure of ciprofloxacin hydrochloride (USP 30). 

2.3.2.3 Formula 

          C17H18FN3O3.HCl.H2O (USP 30). 

2.3.2.4 Molecular weight 

          385.82 (USP 30). 

2.3.2.5 Appearance 

           Faintly yellowish to light yellow crystals or crystalline powder (Parfitt, 1999). 

2.3.2.6 Solubility 

          Sparingly soluble to soluble in water; slightly soluble in acetic acid and in methyl 

alcohol; very slightly soluble in dehydrated alcohol; practically insoluble in acetone, in 

acetonitrile, in dichloromethane, in ethyl acetate, and in hexane (Parfitt, 1999).  

2.3.2.7 Identification tests 

           BP 2005  specified infrared absorption while USP 30 specified IR absorption and 

TLC methods for identification of ciprofloxacin hydrochloride  in raw material.  Both 

BP 2005 and USP 30 specified TLC for identification of ciprofloxacin hydrochloride in 

tablets.  
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2.3.2.8 Methods of analysis 

           Both BP 2005 and USP 30 specified liquid chromatography for determination of 

ciprofloxacin hydrochloride in raw material and in tablets.  

         Assay of ciprofloxacin hydrochloride in raw material and in dosage forms has 

previously been achieved by several analytical techniques such as High Performance 

Liquid Chromatography (HPLC) (Kassab et al., 2005, Thoppil & Amin, 2000,       

Zotou & Miltiadou, 2001), capillary electrophoresis (Faria et al., 2008), 

spectrofluorimetry (Salem et al., 2007, Salem, 2005), titrimetric                     

(Abulkibash et al., 2003, Basavaiah et al., 2006), atomic absorption spectrometry 

(Salem, 2005), Nuclear Magnetic Resonance (NMR) (Trefl et al., 2007), colorimetric 

and microbiological assay (Adegbolagun et al., 2007) methods.  A new electrochemical 

method was described for the determination of ciprofloxacin hydrochloride based on the 

enhancement effect of an anionic surfactant: sodium dodecyl benzene sulfonate     

(Zhang & Wei, 2007).   

       UV-spectrophotometric method has also been used for the assay of ciprofloxacin 

hydrochloride single dosage forms and in two component mixtures                  

(Basavaiah et al., 2006).  Numerous visible spectrophotometric methods are found in 

the literature such as (Abdel-Gawad et al., 1998, Basavaiah et al., 2006,               

Bhowal & Das, 1991, El-Brashy et al., 2004a, El-Brashy et al., 2004b,                    

Fratini & Schapoval, 1996, Nagaralli et al., 2002, Salem, 2005, Sastry et al., 1995). 

2.3.2.9 Clinical Pharmacology 

           It belongs to the group of synthetic fluoroquinolone antibiotics              

(Basavaiah et al., 2006).  It is from the second generation members of quinolones and 

are generally effective against both gram-positive and gram-negative pathogens that are 

resistant to other antibacterials (Salem, 2005). 
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2.3.2.10 Pharmacology 

            The mechanism of antibacterial action is the inhibition of DNA gyrase 

(topoisomerase II), which mediates the formation of super coils of DNA, this leads to 

death of exposed bacteria without producing dysfunction or toxicity of mammalian cells 

(Dollery, 1992b). 

2.3.2.11 Pharmacokinetics 

             Bioavailability is good, with 70 to 80 %  of an oral absorption, food delays but 

not prevent absorption, it is widely distributed to all parts of the body, including the 

cerebrospinal fluid and is generally considered to provide the best distribution of the 

currently marketed quinolones (Martin, 1998).  It penetrates the placenta and is excreted 

in the breast milk and bile (Parfitt, 1999).  Half life is 3 � 4 hours, plasma protein 

binding is 30 % (Martin, 1998).  Significant amount 20 � 35 % of orally administered 

drug are excreted in the feces, in part due to bile excretion, biotransformation to less-

active metabolites accounts for 15 % of administered drug, and approximately              

40 to 50 % of unchanged ciprofloxacin is excreted in the urine following oral 

administration (Martin, 1998).   

2.3.2.12 Indications  

            It is widely prescribed broad spectrum oral fluroquinolones available in more 

than 100 countries and has been approved for the treatment of 14 types of infections    

(Li et al., 2007) such as urinary tract infection, bacterial gastroenteritis, gonorrhea, 

osteomyelitis and infections of the bone, joints and respiratory tract                     

(Thoppil & Amin, 2000). 

2.3.2.13 Contraindications 

             Patient with known hypersensitivity to ciprofloxacin hydrochloride or other 

quinolone antibiotics (Dollery, 1992b). 
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2.3.2.14 Adverse effects 

            They most often involve gastrointestinal system (nausea, diarrhea, vomiting, 

dyspepsia), central nervous system (dizziness, headache, nervousness, tremors, seizures, 

confusion) and skin (rash, pruritus, urticaria, photosensitivity) (Dollery, 1992b).  Other 

adverse effects reported include transient increases in serum creatinine or blood urea 

nitrogen and occasionally acute renal failure, elevated liver enzyme values, and jaundice 

(Parfitt, 1999). 

2.3.2.15 Drug interactions 

            Magnesium-aluminium antacids, calcium, iron, and properly zinc appear to 

decrease ciprofloxacin hydrochloride absorption (Dollery, 1992b).  Also, rifampin may 

induce the metabolism of ciprofloxacin hydrochloride, leading to lower serum 

concentrations (Dollery, 1992b).  Ciprofloxacin hydrochloride decreases theophylline 

clearance (Dollery, 1992b), enhancing effect of oral anticoagulants and increases blood 

concentration of midazolam (Parfitt, 1999).  

 

2.3.3 Amoxicillin trihydrate 

2.3.3.1 Chemical  name 

           (2S,5R,6R)-6-[(R)-2-Amino-2-(p-hydroxyphenyl)acetamido]-3,3-dimethyl-7-

oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid trihydrate (USP 30). 
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2.3.3.2 Chemical structure 
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Figure 2.5: Chemical structure of amoxicillin trihydrate (USP 30). 

2.3.3.3 Formula  

           C16H19N3O5S.3H2O (USP 30). 

2.3.3.4 Molecular weight 

           419.45 (USP 30). 

2.3.3.5 Appearance 

           White crystalline powder (Parfitt, 1999).  

2.3.3.6 Solubility   

           Slightly soluble in water; in methyl alcohol, and in alcohol, practically insoluble 

in carbon tetrachloride, chloroform, ether, and fixed oils (Parfitt, 1999).  It dissolves in 

dilute solutions of acids and of alkali hydroxides (Parfitt, 1999).  

2.3.3.7 Identification tests  

           BP 2005 specified IR absorption, TLC, and reaction with sulphuric acid 

formaldehyde while USP 30 specified IR absorption for identification of  amoxicillin 

trihydrate in raw material.  BP 2005 specified IR absorption and TLC methods while 

USP 30 specified TLC for identification amoxicillin trihydrate in  capsules. 
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2.3.3.8 Methods of analysis  

          Both BP 2005 and USP 30 specified liquid chromatography for determination of 

amoxicillin trihydrate in raw material and in capsules.   

         Assay of amoxicillin trihydrate in raw material and in dosage forms has previously 

been achieved by several analytical techniques such as spectrophotometry, fluorimetry, 

polarography, chromatography, and colourimetric procedures involving treatment with 

sodium cobaltinitrite, ninhydrine or molybdophosphoric acid (Salem & Saleh, 2002) 

and titrimetric (Renanasiddappa & Veena, 200�) have been reported.  Others like 

microbiological and an optical methods have also been reported                                 

(Hsu M., & Hsu P., 1992). 

         Recently methods are determined using spectra of Diffuse Reflectance IR Fourier 

Transform Spectroscopy (DRIFTS), in association with Partial Least Squares (PLS) 

regression (Parisotto et al., 2007) and Chemometrics-assisted spectrophotometric 

(Mohamed et al.,2007). 

2.3.3.9 Clinical Pharmacology 

           It is bactericidal for both gram-positive and gram-negative organisms       

(Dollery, 1992b) . 

2.3.3.10 Pharmacology 

           It kills bacteria by interfering with the synthesis of bacterial cell wall      

(Dollery, 1992b). 

2.3.3.11 Pharmacokinetics  

          Oral absorption 90 %, food has no significant influence on the absorption, it is 

rapidly distributed throughout the body (Dollery, 1992b).  Half life around 60 minute, 

plasma protein binding is 20 %, around 60 % of the oral dose is excreted unchanged in 

the urine, high concentrations have been recorded in the bile, only small amounts of the 
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drug are excreted in the breast-milk, and small amount 10 - 20 % is metabolized by 

hydrolysis of the â-lactam ring to penicilloic acid which is excreted in the urine 

(Dollery, 1992b). 

2.3.3.12 Indications  

            Treatment of urinary tract infection, otitis media, respiratory tract infections, 

bacterial meningitis, surgical infections, gonorrhoea (Dollery, 1992b), biliary tract 

infections, gastro-enteritis, mouth infections, spleen disorders, and typhoid and 

paratyphoid fever (Parfitt, 1999). 

2.3.3.13 Contraindications 

            In case of penicillin hypersensitivity, and bacterial resistance (Dollery, 1992b). 

2.3.3.14 Adverse effects  

            Diarrhoea and hypersensitivity reaction included rashes, fever. Anaphylactic 

shock occur on very rare occasions (Dollery, 1992b).  

2.3.3.15 Drug interactions 

            Use of amoxicillin trihydtare and oral contraceptive might be expected to cause 

pregnancy on rare occasions, because of reduced absorption due to diarrhea       

(Dollery, 1992b). 

 

2.4 Quality control tests 

2.4.1 Identification test of active substance  

2.4.1.1 Aim of the test  

       The initial identification test is necessary to ensure that the product contains the 

needed active ingredient. 
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2.4.1.2 Identification test for ciprofloxacin hydrochloride and amoxicillin ��     �����  �������

�����������trihydrate using Iron (III) 

        Compounds such as phenols, amides, nitriles and amines react with iron (III) 

nitrate (Fratini & Schapoval, 1996).  This reaction is used for the identification of 

different drugs and for quantitative analyses (Fratini & Schapoval, 1996).  There were 

no significant interference due the presence of any of excipients (Issa et al., 2008).  For 

this reason, in the present study we used this method for the qualitative determination of 

ciprofloxacin hydrochloride and amoxicillin trihydtare. 

2.4.1.2.1 Ciprofloxacin hydrochloride  

           Quinolone antimicrobials are known to bind several metal ions                       

(Kara et al., 1991).  The clinical and chemical interaction between iron preparations and 

ciprofloxacin hydrochloride which was investigated by Kara et al. led to the 

development of the reaction of iron (III) with ciprofloxacin hydrochloride and the 

exploration of the present method.  Iron (III) was found to react instantaneously to form 

a highly stable coloured (Sultan & Suliman, 1992).  The reaction was found to be 

rapidly taking place through insertion of Iron (III) into the active carboxylic acid and 

the adjacent keto group in the 3 and 4 position, respectively, forming six membered ring 

(Abulkibash et al., 2003). 

         Many quantitative determination methods based on the using iron (III), these will 

summarize as following: 

1) Flow injection spectrophotometric method based on the chelating of 

ciprofloxacin with iron (III) in sulfuric acid and the brown red complex resulted 

(Sultan & Suliman, 1992).   
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2)  Electrolytic potentiometric titration method is simple, rapid, and based on the 

chelating of ciprofloxacin with iron (III) in sulfuric acid and the brown red 

complex resulted (Abulkibash et al., 2003).  

3) Spectrophotometric determination is selective, simple, sensitive and accurate 

based on the measurement of the intensity of the orange-red colour produced by 

the drugs with ferric chloride in dimethylsulphoxidemethanol medium.  The 

methods are highly accurate and have been successfully applied for analysis of 

bulk drugs and pharmaceutical preparations (Bhowal & Das, 1991).  

4) Clinical and chemical interaction between iron preparation and ciprofloxacin: In 

this study adding ferric chloride to ciprofloxacin lead to the formation  of  ferric 

ion-ciprofloxacin complex which have orange colour (Kara et al., 1991). 

5) Spectrophotometric determination is simple, rapid, efficient, inexpensive based 

on  the chelating of ciprofloxacin with iron (III) in nitric acid which lead to be 

formation of yellow orange complex (Fratini & Schapoval, 1996).  

2.4.1.2.2 Amoxicillin trihydrate 

        It is the only phenolic compound among the penicillin antibiotics and it was found 

to have differently from the penicillins on oxidation with cerium (IV) or iron (III) in 

acidic medium and gave an intense yellow color (Salem & Saleh, 2002). 

        It is reported that phenols containing an -OH moiety in the para substituent can be 

oxidized by ferric chloride, alkaline potassium hexacyanoferrate (III), lead dioxide, 

silver, silver oxide and 2,3-dichloro-5,6-dicyano-1,4-benzoquinone to the corresponding 

phenoxy radical, which is a transient species and undergoes spontaneous irreversible 

disproportionation to produce quinine (Salem & Saleh, 2002).  In addition, amoxicillin 

is reported to be oxidized by 2-iodoxybenzoate, and also amoxicillin are reported to be 
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oxidized with N-bromosuccinimide or N-chlorosuccinimde to give the same product 

(Salem & Saleh, 2002). 

       Quantitative determination method based on using iron (III) is spectrophotometric 

determination which is simple, selective based on the selective oxidation of amoxicillin 

with either cerium (IV) or iron (III) in acidic medium to give an intense yellow coloured 

product (Salem & Saleh, 2002).   

2.4.1.2.3 Other study for both ciprofloxacin hydrochloride and amoxicillin trihydrate    

     Atomic absorption spectrophotometric determination is highly sensitive, based on 

oxidation of ciprofloxacin hydrochloride and amoxicillin trihydrate with iron (III)     

(Issa et al., 2008).   

       From above studies for both ciprofloxacin hydrochloride and amoxicillin trihydrate, 

this was used as the basis in our study for qualitative determination of ciprofloxacin 

hydrochloride and amoxicillin trihydrate using  iron (III) in 0.1 M Hydrochloric Acid 

(HCl) which is reagent represented in reference (Issa et al., 2008).   

 

2.4.2 Diameter and thickness measurement 

2.4.2.1 Aims  for determination (Banker & Anderson, 1986) 

 The physical dimensions of the tablet along with the density of the materials in 

the tablet formulation and their proportions, determine the weight of the tablet. 

 The diameter and thickness express the size of tablet. 

 The size of tablet can  influence the following: 

 1) The choice of tablet machine to use. 

 2) The best particle size for the�granulation. 

 3) Production lot sizes that can be used. 

 4) Packaging operations.  � 
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 5) The cost to produce the tablet. 

2.4.2.2 Factors affect on the diameter and thickness 
 The diameter of tablet depends on the die which is selected for making the 

tablets (Gupta, 1999). 

 The thickness of a tablet depends on the: 

1) Diameter of the die (Ansel et al., 2005).  

2) Amount of fill permitted to enter the die (Ansel et al., 2005). 

3) The compaction characteristic of the fill material (Ansel et al., 2005). 

4) The force or pressure applied during compression (Ansel et al., 2005).  

5) The tablet press cleaning and working order (Banker & Anderson, 1986). 

6) The physical properties of raw materials (Banker, 1974). 

7) The upper and lower punch lengths standardized (Banker, 1974). 

      8) The granulation properties, including density, particle size and particle��size  ��������
�� ��������distribution (Banker, 1974). 

 

2.4.3 Uniformity of weight determination 

2.4.3.1 Aims of the test  

          The tablet weight routinely measured to: 

1) Ensure that a tablet contains the proper amount of drug                             

(Banker & Anderson, 1986).  High variability of dose may cause toxicity or 

insufficient therapeutic �� drug level��(Akarawut et al., 2002).��������������� 
2) Ensure that the tablets in each lot are within the appropriate size range�����            

(Odeniyi��et��al.; 2003). 
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2.4.3.2 Factors produce excessive weight variation in the tablets (Banker, 1974) 

1) Poor granules flow properties, resulting in uneven die fill. 

2) A wide variation in granules particle size, which results in a variation in die fill 

density as a function of particle size and particle size distribution. 

3) Differences in lower punch length cavities. 

4) Improper incorporation of glidant granules flow promoters. 

5) Tablet machines in mechanically poor condition or dirty, which prevents free 

punch movement. 

2.4.3.3 Factors affect on the capsules weight variation 

1) Production rate (Rawlins, 1992). 

2) Presence or absence of talc (Rawlins, 1992). 

3) Flow properties of powder (Rawlins, 1992).  

4) Density and compressibility of the formulation (Augsburger, 1974). 

5) Variability in capsules shell weight may be causing different in weight 

(Augsburger, 1974). 

 

2.4.4 Friability test 

2.4.4.1 Definition  

        Friability of uncoated tablet is the phenomenon where by tablet surfaces are 

damaged and/or show evidence of lamination or breakage when subjected to mechanical 

shock or attrition, and is expressed as the loss of mass and it is calculated as a 

percentage of the initial mass (BP 2005). 

2.4.4.2 Aims of the test  

 This test is performed to evaluate ability of the tablets to withstand abrasion in 

packaging, handling and transporting (Gupta, 1999).  
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 Tablet which dose not resist abrasion tend to powder, chip and fragment when 

handle, this leads to: 

1) Lack of elegance (Banker & Anderson, 1986), and appearance of tablet�

(Alderborn, 2002). 

2) Lack of consumer acceptance (Banker &�Anderson, 1986). 

3) Create excessively dirty process in such areas of manufacturing as 

coating �and��packaging (Banker &�Anderson, 1986). 

4) Cause tablet's weight variation or content uniformity problems           

(Banker &�Anderson, 1986). 

2.4.4.3 Causes of high friability (Patel et al.; 2005) 

1) The use of inadequate or insufficient amount of binding agent during 

formulation. 

2) Inadequate moisture content during compression. 

3) Insufficient compression pressure during compression. 

 

2.4.5 Hardness test 

2.4.5.1 Definition  

         Tablet hardness is usually expressed as the force required to break-down the���
�tablet (Hanna, 1990). 

2.4.5.2 Aims of the test  

       Although there is no official test for tablet hardness, this property must be�
controlled during production for the following reasons: 

1) To ensure that the product is firm enough to withstand handling during 

packaging and transporting without breaking, chipping or crumbling and tablet 
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is not yet so hard that the disintegration time is unduly prolonged          

(Rawlins, 1992). 

2) For consumer acceptance (Banker & Anderson, 1986). 

3) Hardness may affect tablet friability and disintegration time. It usually affect 

drug dissolution and release, and it may affect bioavailability (Banker, 1974). 

2.4.5.3 Factors affect on the hardness 

1) Weight of the material used (Gupta, 1999).  

2) Space between the upper and lower punches at the time of compression    

(Gupta, 1999).  

3) Pressure applied during compression (Gupta, 1999). 

4) Nature and quantity of excipient used during formulation (Gupta, 1999). 

Examples: 

        a) The binders used and their concentration (Banker, 1974). 

               b) Lubricant can affect tablet hardness when they are used in too high���������������
������������������� concentration or mixed for too long period (Banker & Anderson, 1986). 

5) Granule or crystal hardness and ability to deform under load (Banker, 1974). 

6) Granulation method (Banker, 1974). 

      7)   Die fill (Banker & Anderson, 1986). 

8) Tablet's dimensions (Alderborn, 2002), large tablets require a greater force to 

cause fracture and therefore harder than small tablets                                 

(Banker & Anderson, 1986). 
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2.4.6 Disintegration test 

2.4.6.1 Definitions  

     The disintegration test is provided to determine whether tablets or��capsules 

disintegrate within the prescribed time when placed in a liquid��medium at the 

experimental conditions (USP 30). 

    Complete disintegration is the state in which any residue of the unit, �except 

fragments of insoluble coating or capsules shell remaining on the �screen of the test 

apparatus or adhering to the lower surface of the disk, if used,��is a soft mass having no 

palpably firm core (USP 30). 

2.4.6.2 Aims of the test  

     1)  As the disintegration provides drug particles with an increase surface �area 

within���the gastrointestinal tract and is the first important �step toward 

solution, so this���test is important to ensure the disintegration��and discharge 

the drugs to the body���fluids for dissolution (Ansel et al., 2005). 

2)  It is used as a guide to formulator in the preparation of an optimum formula,�
and as an in�process control test to ensure lot to lot uniformity               

(Banker & Anderson, 1986). 

3) It gives indication about clinical effect state only if the test fails       

(Armstrong, 1996). 

   It must be stressed that the pharmacopoeial test for disintegration does not 

seek  to mimic condition in the human gastrointestinal tract with respect to 

fluid, composition or intensity of agitation (Armstrong, 1996).  Thus 

compliance with standard is not a guarantee of clinical efficacy       

(Armstrong, 1996).  However, the converse is probably true that the 
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preparation which fails the pharmacopoeial test is unlikely to be fully 

efficacious (Armstrong, 1996). 

2.4.6.3 Factors affect on the disintegration of tablets  

1) Type and concentration of the disintegrant (Ansel et al., 2005). 

2) The diluent used, its concentration relative to the drug and its method of�����
�incorporation (Banker, 1974). 

3) The method of tablet granulation and tablet manufacture employed         

(Banker, 1974). 

4) The type and concentration of binder used (Banker, 1974). 

5) Granule size and size distribution (Banker, 1974). 

6) The lubricant used and its concentration and method of incorporation      

(Banker, 1974). 

7) The presence of a surfactant and its nature and method of incorporation   

(Banker, 1974). 

8) Compression pressure and speed of compression (Banker, 1974). 

9) The drug itself and its physical properties such as solubility, particle size, and 

surface characteristics (Banker, 1974). 

10) Shelf life of the finished tablets and their storage method (Banker, 1974). 

11) The thickness and physicochemical nature of the coating in case of coated��tablet 

(Ashford, 2002). 

2.4.6.4 Factors affect on the disintegration of  hard capsules (Ashford, 2002) 

1) The composition and properties of the capsule shell which affect on its 

disruption. 

2) Rate of penetration of liquid into encapsulated mass, which is affected by: 

a) The  formulation factors. 
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b) The type and conditions of the filling process. 

 

2.4.7 Dissolution test 

2.4.7.1 Definition 

        Dissolution test  is the measurement of the proportion of drug dissolving in�a stated 

time under standardized conditions in vitro (Armstrong, 1996). 

2.4.7.2 Aims of the test  

    1) To ensure availability of  drug for absorption: 

Since the dissolution of drug is considered to be an essential step in the��absorption 

�process, the availability of drug for absorption from a dosage form�largely 

depends�on the drug dissolving in gastrointestinal fluids (Augsburge,�1974). 

    2) To predict in vivo bioavailability: 
The prediction of in vivo bioavailability of most oral drugs depends mostly on the�
�in vitro dissolution studies as in vitro disintegration tests do not give in vivo 

correlation (Nwodo et al.; 2007). 

    3) The rate of dissolution may be directly related to the efficacy of the product        ��
�(Banker, 1974). 

    4) Ideally, dissolution tests should provide data to distinguish good and bad products�
formulations, batches especially when operating conditions are optimal       

(Nwodo et�al.; 2007). 

2.4.7.3 Factors affect on the dissolution of tablets 

       There are many factors associated with formulation and manufacture, these include: 

     1) The physicochemical properties of the liberated drug particles,.e.g. wettability,  ����
����������effective surface area, crystal form, chemical stability (Ashford,��2002). 
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    2) The nature and quantity of the diluent, binder, disintegrant, lubricant and             ���
��������� any wetting agent (Ashford,��2002). 

    3)  Drug-excipient interactions (e.g. complexation) (Ashford,��2002). 

    4)  The size of the granules (Ashford,��2002). 

    5)  The compaction pressure and speed of compression used in tableting       

(Ashford,��2002). 

    6)  The conditions of storage and age of the tablet (Ashford,��2002). 

    7)  The thickness and physicochemical nature of coating in case of coated tablet 

(Ashford,��2002).  � 

   8)  Manufacturing variables at the granulation, drying or tableting stages��such��as ��           

�������� amount of water, time of addition of water, and knead time (Mcgileray, 1996). 

2.4.7.4 Factors affect on the dissolution of  hard capsules 

     1)  The physicochemical properties of the liberated drug particles,.e.g. wettability, ����
�����������effective surface area, crystal form, chemical stability (Ashford, 2002). 

     2)  The nature and quantity of the excipients (Ashford, 2002) . 

     3)  Drug-excipient interactions (e.g. complexation) (Ashford, 2002). 

     4)  The type and conditions of the filling processs (Ashford, 2002). 

     5)  The packing density of the capsule  contents (Ashford, 2002). 

     6)  The composition and properties of the capsule shell (Ashford, 2002). 

     7)  Interaction between the capsules shell and its contents (Ashford, 2002). 

     8)  Process variable such as mixing shear or blending time (Mcgileray, 1996). 

     9)  Changing during storage (Mcgileray, 1996). 

 

 

 

 



2. Literature Review��

 ��

2.4.8  Analytical method validation  

 One of the objective of this study is to use and validate a simple, easy to use, and 

inexpensive analytical method for the determination of the chemical content of 

ciprofloxacin hydrochloride in the tablets and amoxicillin trihydrate in the 

capsules. 

 The chemical content of the active ingredient was determined in this study based 

on Dibbern et al. method.  The method involved the using of 0.1 M sodium 

hydroxide and measure the absorbance by spectrophotometeric method which 

was used as content determination method for pure substance of ciprofloxacin 

hydrochloride and amoxicillin trihydrate. 

 Validation of an analytical method which was used in present study for assay of 

content of ciprofloxacin hydrochloride in the tablets and amoxicillin in the 

capsules was performed through accuracy and precision. 

 Accuracy expresses the closeness of agreement between the value which is 

accepted either as a conventional true value or an accepted reference value and 

the  value found (BP 2005).  

 Precision  expresses the closeness of agreement (degree of scatter) between a  

series of measurements obtained from multiple sampling of the same 

homogeneous  sample under the prescribed conditions (BP 2005).  

 The accuracy and precision of the method were assessed by performing recovery 

experiment (Basavaiah et al., 2006). 

 The recovery technique was applied to judge the suitability of the��proposed 

method (Nagaralli et al, 2002).�� 
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 Recovery experiment is performed as following : 

To a fixed amount of drug in the dosage form (pre-analyzed), pure drug was 

added at three amount levels (each added amount was performed in triplicate), 

then total amount was found by Dibbern et al. method and % recovery of pure 

drug was calculated (Basavaiah et al., 2006).  

 

2.4.9  Assay of  content of active ingredient��

2.4.9.1 Definition 

       In this test amount of drug in the dosage form is determined.  A number of units 

from a batch are selected at random and assay procedures are carried out then the  

results obtained must be within the prescribed percentage limits (Gupta, 1999). 

2.4.9.2 Aim  

         The aim of this assay is to assure the presence of the required amount of active 

ingredient.  More variation could lead to ineffectiveness therapeutic drug level or 

overdosing which lead to toxicity (Akarawut et al., 2002). 

2.4.9.3 Factor affect on the content of active ingredient 

        The preparation techniques during formulation and subsequent manufacturing 

(Patel et al., 2005).  

2.4.9.4 Quantitative determination of ciprofloxacin hydrochloride�in the tablets and ���

������������amoxicillin trihydrate in the capsules by�using spectrophotometric method 

        Ciprofloxacin hydrochloride tablets and amoxicillin trihydrate capsules are 

officially in BP 2005 and USP 30, where HPLC method is used for their assay.  The 

official chromatographic method for the determination of ciprofloxacin hydrochloride 

and amoxicillin trihydrate requires sophisticated instrument method which is not 

available in many research laboratories.  Therefore, it was considered worthwhile to 
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develop rapid and selective procedures suitable for the routine quality control analysis 

of the investigated drugs. 

           Many methods were reported for assay content of both ciprofloxacin 

hydrochloride and amoxicillin trihydrate as were mentioned in sections 2.3.2.8 and 

2.3.3.8.  Some of these methods used for determination of both drugs required 

expensive equipment, skilled operation, expensive reagents, time consuming and 

tedious experimental procedures (Basavaiah et al., 2006).  To overcome these 

limitations in the existing method, there is still a need for a sensitive and cost-effective 

method for the determination of these drugs that can be adopted for the routine analysis 

of pharmaceutical samples. 

2.4.9.4.1 Spectrophotometric method 

          Many spectrophotometric methods have been reported for the determination of 

ciprofloxacin hydrochloride and amoxicillin trihydrate, but none of these methods are 

satisfactory for routine quality assurance for one or the other reason.  Some of these 

methods have low sensitivity or work out only at higher concentrations of the drugs or 

have less stability or involve extraction (Nagaralli et al.,2002) or needed heating 

(Basavaiah et al., 2006).  

       Hence it was necessary to develop simple and sensitive spectrophotometric method 

which does not suffer from the above limitations for the determination of ciprofloxacin 

hydrochloride and amoxicillin trihydrate in bulk samples and pharmaceutical 

preparations.   The Dibbern et al. method was used for determination of ciprofloxacin 

hydrochloride and amoxicillin trihydrate in  pure state and it based on  using only 0.1 M 

sodium hydroxide and measure absorbance using UV-visible spectrophotometer at    

271 nm  and at 247 nm for ciprofloxacin hydochloride and amoxicillin trihydrate 

respectively and taking 885, 286 as values of A (1 %, 1 cm) for ciprofloxacin 
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hydochloride and amoxicillin trihydrate respectively.  So we used this method was used 

for the determination of both drugs in pharmaceutical dosage forms. 

          The method is simple, rapid, accurate, sensitive, easy to apply, and are more 

advantageous compared to official methods which are laborious.  Furthermore, they 

don�t need costly instrumentation such as HPLC and capillary electrophoresis methods. 
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Experimental�3 

3.1 Materials��
3.1.1 Drugs standard��

Merck, Germany  Paracetamol 

Merck, Germany  Ciprofloxacin hydrochloride 

Merck, Germany  Amoxicillin trihydrate 

 

 

3.1.2 Samples 
 

 Paracetamol tablets (500 mg): ten  brands "seven brands uncoated and three 

brands film coated". 

 Ciprofloxacin hydrochloride tablets (500 mg): nine brands "all brands film 

coated".  

 Amoxicillin tridydrate capsules (500 mg):  seven brands. 

 All brands were obtained from retail pharmacies in Gaza, and all tests were 

performed within product expiration dates. 

 

3.1.3 Solvents and  Reagents 

 Acetone                                               Biomarck laboratories, India 

 Distilled water                                   Electric-heating distilling apparatus 

 Ferric sulphate (1 % w/v) 

 1 % ferric sulphate was prepared by dissolving  1 g of ferric sulphate (Merck, 

Germany) in 0.1 M HCl and diluting with same acid to the mark in a 100 ml  

volumetric flask.   
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 32 %  HCl                                        Frutarom, Israel                      

 HCl  (0.1 M)  

 0.1 M HCl was prepared by taking 9.8 ml of concentrated HCl (Frutarom, 

Israel)  and diluting with distilled water to the mark in a 1000 ml calibrated 

flask. 

 Phosphate buffer (PH = 5.8) 

 0.2 M monobasic potassium phosphate was first prepared by dissolving 27.22 g 

of monobasic potassium phosphate (Riedel-de Haen, Germany) in distilled water 

and the volume was completed with distilled water to the mark in a 1000 ml 

volumetric flask. 

250 ml of the prepared solution (0.2 M of monobasic potassium phosphate) was 

taken in a 1000 ml calibrated flask, and 18 ml of 0.2 M sodium hydroxide was 

added then the volume was completed with distilled water to the mark in            

a 1000 ml volumetric flask (USP 30). 

 Potassium dichromate (0.01674 M) 

 0.01674 M potassium dichromate was prepared by dissolving 0.2456 g of 

potassium dichromate (Himedia laboratories, India) in distilled water and the 

volume was completed with distilled water to the mark in a 50 ml volumetric 

flask. 

 Sodium hydroxide (0.1 M) 

 0.1 M sodium hydroxide was prepared by dissolving 4 g of sodium hydroxide 

(Bayer, Geramany) in distilled water and the volume was completed with 

distilled water to the mark in a 1000 ml volumetric flask. 
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 Sodium hydroxide (0.2 M) 

0.2 M sodium hydroxide was prepared by dissolving 8 g of sodium hydroxide 

(Bayer, Geramany) in distilled water and the volume was completed with 

distilled water to the mark in a 1000 ml volumetric flask. 

 

3.2 Equipments 

 Analytical balance                                                               YMC, Japan 

 Digital still camera with resolution of 8.1 mega pixels      Sony corp., China  

 Disintegration apparatus                                                      Toyama sangyo,          �

���������������������������������������������������������������������������������������������Japan 

 Dissolution test unit  (Apparatus II "Paddle apparatus'')     Hanson Research          

��������������������������������������������������������������������������������������������� corp., Northridge                            

�  ������������������������������������������������������������������������������������������calif, USA 

 Electric-heating distilling apparatus                                   Shanghai Sanshen      ��

���������������������������������������������������������������������������������������������medical instrument,             

��������������������������������������������������������������������������������������������� China 

 Friabilator                                    �������������������������������������   Toyama sangyo, ���������

����������������������������������������������������������������������������������������������Japan 

 Magnetic stirrer                                                                    Heidolph, Germany 

 Micrometer                                                                           Mitutoyo, Japan 

 Micropipette                                                                         Nichiryo, Japan 

 Tablet Hardness tester                                                          Jyoti, India 

 UV-visible spectrophotometer  (equipped with 1cm           Shimadzu, 1601,  

    matched quartz cells)                                                              Japan 
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Methods�3.3��
3.3.1 Identification test of active substance 

3.3.1.1 Paracetamol tablets  

          20 tablets from each brand were  weighed then powdered by mortar and pistil.  A 

quantity of the powdered tablets from each brand containing 0.25 g of paracetamol was 

extracted with 10 ml of acetone, and filtered, then the filtrate was evaporated to dryness. 

After that 0.1 g of dried powder was boiled with 1 ml of concentrated HCl for                

3 minutes, and 1 ml of distilled water was added and cooled, then 0.05 ml of  0.0167 M 

potassium dichromate was added (BP 2005). 

Paracetamol pure powder 

          0.1 g of paracetamol pure powder was boiled with 1 ml of concentrated HCl for    

3 minutes, and 1 ml of distilled water was added and cooled, then 0.05 ml of 0.0167 M 

potassium dichromate was added (BP 2005). 

3.3.1.2 Ciprofloxacin hydrochloride tablets 

         20 tablets from each brand were weighed then powdered by mortar and pistil.      

A quantity of the powdered tablets from each brand containing 0.06 g of ciprofloxacin 

hydrochloride was weighed, then 2 ml of 1 % ferric sulphate and 10 ml of 0.1 M HCl 

was added (Issa et al., 2008). 

Ciprofloxacin hydrochloride pure powder 

        A 0.06 g of ciprofloxacin hydrochloride pure powder was weighed, then 2 ml of    

1 %  ferric sulphate and 10 ml of 0.1 M HCl was added. 

3.3.1.3 Amoxicillin trihydrate capsules 

         20 capsules from each brand were weighed.  A quantity of the powdered tablets 

from each brand containing 0.05 g of amoxicillin trihydrate was weighed, then 10 ml of 

1 % ferric sulphate was added (Issa et al., 2008). 
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Amoxicillin trihydrate pure powder 

           A 0.05 g of amoxicillin trihydrate pure powder was weighed, then 10 ml of 1 % 

ferric sulphate was added. 

 

3.3.2 Diameter and thickness measurement 

 The measurement of the diameter and the thickness was done for uncoated 

brands of paracetamol tablets (P1, P2, P3, P4, P5, P6 and P7). 

 The diameter of paracetamol tablets was measured by micrometer. 

 The thickness of 10 tablets from each brand of paracetamol were measured by 

using micrometer, then the mean, percentage deviation from the mean and 

Standard Deviation (SD) were calculated 

 

3.3.3 Uniformity of weight determination 

3.3.3.1 Paracetamol tablets and ciprofloxacin hydrochloride tablets 

 20 tablets from each brand were taken at random and brushed from dust using 

soft brush then were weighed individually using analytical balance.  

 The average weight, percentage deviation from the average weight and SD were 

calculated (BP2005). 

3.3.3.2 Amoxicillin trihydrate capsules 

 20 capsules from each brand were taken at random and brushed from dust using 

soft brush then were weighed individually using analytical balance. 

 Each capsule was opened without losing any part of the shell and the contents 

was removed as completely as possible then the shell was weighed. 

 The weight of the content is the difference between weighings (weight of 

capsule ''content & shell'' � weight of shell). 
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 The average weight of content, percentage deviation from the average weight 

and SD were calculated (BP 2005).  

 

3.3.4 Friability test 

 ��������This test was done for uncoated brands of paracetamol tablets (P1, P2, P3, P4, P5, 

P6 and P7). 

 For tablets weighing up to 0.65 g each, a sample of 20 tablets was taken, but for 

tablets weighing more than 0.65 g each, a sample of 10 tablets was taken. 

 So according that 20 tablets were taken from all brands except for brand (P2)    

10 tablets were taken. 

 Any loose dust with the aid of soft brush was removed, then the tablets were 

weighed and placed in the friabilator.  

 Tablets were rotated at 25 rpm for 4 minutes.  

 After 4 minutes the loose dust from the tablets was removed as before and the 

tablets were weighed. 

  The weight loss was determined as percentage of the initial weight (BP 2005). 

       % weight loss =                                                       100 

 Determination was done in triplicate, and then the mean of  percentage and  

SD were calculated.  

 

3.3.5 Hardness test 

         This test was done for uncoated brands of paracetamol tablets (P1, P2, P3, P4, P5, 

P6 and P7). 

 10 tablets from each brand were taken and the hardness was determined using  

tablet hardness tester. 

Initial weight � Final weight 
Initial weight��
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 The mean and SD were calculated. 

 

3.3.6 Disintegration test 

          This test was done for paracetamol tablets, ciprofloxacin hydrochloride tablets 

and amoxicillin trihydrate capsules. 

 Disintegration time of six units per brand was determined in distilled water at   

37 ± 1 ˸C using disintegration apparatus (BP 2005). 

 Determination was done in triplicate, and then the mean and SD were calculated.  

 

3.3.7 Dissolution test 

       According to official monograph, the dissolution was performed for paracetamol 

tablets according BP 2005, while for ciprofloxacin hydrochloride tablets and for  

amoxicillin trihydrate capsules according USP 30.  

 The dissolution rate was determined by using dissolution apparatus II, and    

900 ml of phosphate buffer (PH = 5.8) was used  as the dissolution medium in 

case of  paracetamol tablets, while 0.1 M HCl (900 ml) in case of ciprofloxacin 

hydrochloride tablets and distilled water (900ml) in case of amoxicillin 

trihydrate capsules.  

 Six units were used from each brand. 

 The dissolution medium was maintained at 37 ± 0.5 C˸, and the paddle was 

rotated at 50 rpm in case of paracetamol tablets and ciprofloxacin hydrochloride 

tablets while at 75 rpm in case of amoxicillin trihydrate capsules. 

 Samples (10 ml) were withdrawn at different time intervals (10, 20, 30, 45, and 

60 minutes). 
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 The samples were filtered and diluted appropriately with 0.1 M sodium 

hydroxide in case of paracetamol tablets, while with 0.1 M HCl in case of 

ciprofloxacin hydrochloride tablets and with distilled water in case of 

amoxicillin trihydrate capsules. 

 The absorbance was measured using UV-visible spectrophotometer at 257 nm, 

276 nm, 272 nm for paracetamol tablet, ciprofloxacin hydrochloride tablets and 

amoxicillin trihydrate capsules, respectively. 

 The content of paracetamol tablets was determined using A (1 %, 1 cm) = 715, 

while the content of ciprofloxacin hydrochloride tablets and amoxicillin 

trihydrate capsules in each sample was determined based on the calibration 

curve and regression equation which was generated according to the following 

procedure: 

  For ciprofloxacin hydrochloride: 

 Accurately 10 mg of pure ciprofloxacin hydrochloride powder was dissolved in 

0.1 M HCl and diluted with the same acid to the mark in a 25 ml volumetric 

flask. 

 The resulting solution was filtered then different volumes were taken (0.125 ml, 

0.25 ml, 0.315 ml, 0.375 ml and 0.5 ml) using micropipette and dilution was 

done with the same acid to the mark 25 ml volumetric flask. 

 Different aliquots of standard solutions (2 µg/ml, 4 µg/ml, 5.04 µg/ml, 6 µg/ml 

and 8 µg/ml ) were prepared. 

 The absorbances of the resulting solutions was measured at the maximum      

276 nm using UV-visible spectrophotometer. 

 Procedure was done in triplicate, and the mean of the absorbance values was 

calculated. 
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 A linear plot with concentration of ciprofloxacin hydrochloride on X-axis and 

absorbance on Y-axis, and the regression equation were obtained using 

Microsoft excel  2003.  

  For amoxicillin trihydratre: 

 Accurately 100 mg of pure amoxicillin trihydrate powder was dissolved in 

distilled water and diluted with distilled water to the mark in a 50 ml 

volumetric flask. 

 The resulting solution was filtered then different volumes were taken (1 ml, 

2 ml, 3 ml, 4 ml and 5 ml) using pipette and dilution was done with the 

distilled water to the mark 50 ml volumetric flask. 

 Different aliquots of standard solutions (40 µg/ml, 80 µg/ml, 120 µg/ml,  

160 µg/ml and 200 µg/ml ) were prepared. 

 The absorbances of the resulting solutions was measured at the maximum  

272 nm using UV-visible spectrophotometer. 

 Procedure was done in triplicate, and the mean of the absorbance values was 

calculated. 

 A linear plot with concentration of ciprofloxacin hydrochloride on X-axis 

and absorbance on Y-axis, and the regression equation were obtained using 

Microsoft excel  2003. 

         The dissolution profiles of the different brands of paracetamol tablets, 

ciprofloxacin hydrochloride tablets and amoxicillin trihydrate capsules were generated 

from the graph of the percentage amount of the dissolved drug versus time. 

 

 

 



3. Experimental��

 ��

3.3.8 Analytical method validation��

       The quantitative determination method for ciprofloxacin hydrochloride in the 

tablets and  amoxicillin trihydrate in the capsules was validated through assessment of 

accuracy and precision.�           

       The accuracy and precision of the methods were assessed by performing recovery 

experiments. 

Recovery experiment was performed as following: 

To a fixed amount of drug in the dosage form (pre-analyzed), pure drug was added at 

three amount levels (each added amount was performed in triplicate), then total amount 

was found by Dibbern et al. method and % recovery of pure drug was calculated 

(Basavaiah et al., 2006).  The detailed procedures was done as the following: 

Standard preparing �� 3.3.8.1 

3.3.8.1.1 Ciprofloxacin hydrochloride 

 A quantity of pure powder containing 22.5 mg of ciprofloxacin hydrochloride 

was added to 50 ml volumetric flask then 0.1 M sodium hydroxide was added 

till reach the mark and shaken  for 3 hours using magnetic stirrer. 

 The resulting solution (a) was filtered and 1 ml of the filtrate was diluted to 

 100 ml with 0.1 M sodium hydroxide to get solution (b) with concentration of  

4.5 µg/ml of ciprofloxacin. 

 The absorbance of the solution (b) was measured at the maximum at 271 nm 

using UV-visible spectrophotometer. 

 The content was calculated taking 885 as the value of A (1 %, 1 cm). 

 Volumes that contain (10 µg, 20 µg and 40 µg) were taken from the solution (b). 
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3.3.8.1.2 Amoxicillin trihydrate 

 A quantity of pure powder containing 22.5 mg of amoxicillin trihydrate was 

added to 50 ml volumetric flask then 0.1 M sodium hydroxide was added till 

reach the mark and shaken. 

 The resulting solution (c) was filtered and 1 ml of the filtrate was diluted to  

100 ml with 0.1 M sodium hydroxide to get solution (d) with concentration of  

4.5 µg/ml of amoxicillin. 

 The absorbance of the solution (d) was measured at the maximum at 247 nm 

using UV-visible spectrophotometer. 

 The content was calculated taking 286 as the value of A (1 %, 1 cm). 

 Volumes that contain (10 µg, 20 µg and 40 µg) were taken from the solution (d).  

3.3.8.2 Sample preparing 

3.3.8.2.1 Ciprofloxacin hydrochloride 

 20 tablets were weighed and powdered. 

 A quantity of the powdered tablets containing 22.5 mg of ciprofloxacin 

hydrochloride was added to 50 ml volumetric flask then 0.1 M sodium 

hydroxide was added till reach the mark and shaken  for 3 hours using magnetic 

stirrer. 

 The resulting solution (e) was filtered and 1 ml of the filtrate was diluted to      

50 ml with 0.1 M sodium hydroxide to get solution (f) with concentration of      

9 µg/ml of ciprofloxacin. 

 Suitable dilution was made to get solution (g) with concentration of  

1.5 µg/ml of ciprofloxacin. 

 The absorbance of the solution (g) was measured at the maximum at 271 nm 

using UV-visible spectrophotometer. 
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 The content was calculated taking 885 as the value of A (1 %, 1 cm). 

 volume that contain 20 µg of drug was taken from solution (g). 

3.3.8.2.2 Amoxicillin trihydrate 

 20 capsules were taken, the contents was removed as completely as possible and  

weighed accurately. 

 A quantity of the powder from capsules containing 22.5 mg of amoxicillin 

trihydrate was added to 50 ml volumetric flask then 0.1 M sodium hydroxide 

was added till reach the mark and shaken. 

 The resulting solution (h) was filtered and 1 ml of the filtrate was diluted to 

 50 ml with 0.1 M sodium hydroxide to get solution (i) with concentration of     

9 µg/ml of amoxicillin.  

 Suitable dilution was made to get solution (j) with concentration of  

1.5 µg/m of amoxicillin. 

 The absorbance of the solution (j) was measured at the maximum at 247 nm 

using UV-visible spectrophotometer. 

 The content was calculated taking 286 as the value of A (1 %, 1 cm). 

 Volume that contain 20 µg of drug was taken from solution (j). 

3.3.8.3 Recovery experiment 

       After preparing the solutions of pure drug and sample of both ciprofloxacin 

hydrochloride and amoxicillin trihydrate as in sections 3.3.8.1 and 3.3.�.2, the  

following steps were done for recovery: 

 Each volume that contains (10 µg, 20 µg and 40 µg) of pure drug was taken and 

added to volume of  sample containing 20 µg. 



3. Experimental��

 ��

  The absorbances of the resulting solutions were measured using UV-visible 

spectrophotometer at the maximum at 271 nm and at 247 nm for ciprofloxacin 

hydrochloride and amoxicillin trihydrate, respectively. 

  The  total amount  was calculated taking the value of A (1 %, 1 cm.) as  885 and  

286 for ciprofloxacin hydrochloride and amoxicillin trihydrate, respectively. 

  The percentage  recovery of pure drug was calculated as the following:  

     % recovery   =                                                                                                   100   

  Each added amount of pure drug to the sample was performed in triplicate. 

 The mean, SD and Relative Standard Deviation %  (RSD %) were calculated. 

 

3.3.9 Assay of content of active ingredient 

3.3.9.1 Paracetamol tablets 

 20 tablets were weighed and powdered. 

  A quantity of the powder containing 75 mg of paracetamol was added to 25 ml 

of 0.1 M sodium hydroxide, diluted with 50 ml of distilled water, shaken for    

15 minutes and sufficient distilled water was added to produce 100 ml. 

 The resulting solution was mixed, filtered and 10 ml of the filtrate was diluted to 

100 ml with distilled water.  

 10 ml of the resulting solution was added to 10 ml of 0.1 M sodium hydroxide, 

and diluted to 100 ml with distilled water. 

 The absorbance of the resulting solution was measured at the maximum at     

257 nm using UV-visible spectrophotometer. 

 The content was  calculated taking 715 as the value of A (1 %, 1 cm) (BP 2005). 

total amount (pure drug & sample) � amount of sample 
amount of pure drug 
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 Determination was done in triplicate, and then the mean of  percentage content 

and the SD were calculated. 

3.3.9.2 Application of validated method  

3.3.9.2.1 Ciprofloxacin hydrochloride tablets 

 20 tablets were weighed and powdered.  

 A quantity of the powder containing 22.5 mg of ciprofloxacin hydrochloride was 

added to 50 ml volumetric flask then 0.1 M sodium hydroxide was added till 

reach the mark and shaken for 3 hours using magnetic stirrer.  

 The resulting solution was filtered and 1 ml of the filtrate was diluted to 50 ml 

with 0.1 M sodium hydroxide.  

 The absorbance of the resulting solution was measured at the maximum at     

271 nm using UV-visible spectrophotometer. 

 The content was calculated taking 885 as the value of A (1 %, 1 cm)        

(Dibbern et al., 2002). 

 Determination were done in triplicate, and then the mean of  percentage content 

and SD were calculated. 

3.3.9.2.2 Amoxicillin trihydrate capsules 

 20 capsules were taken, the contents was removed as completely as possible and  

weighed accurately. 

 A quantity of the powder containing 22.5 mg of amoxicillin trihydrate was 

added to 50 ml volumetric flask then  0.1 M sodium hydroxide was added till 

reach the mark and shaken. 

 The resulting solution was filtered and 1 ml of the filtrate was diluted to 50 ml 

with 0.1 M sodium hydroxide.  
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 The absorbance of the resulting solution was measured at the maximum at     

247 nm using UV-visible spectrophotometer. 

 The content was calculated taking 286 as the value of A (1 %, 1 cm)        

(Dibbern et al., 2002). 

 Determination was done in triplicate, and then the mean of  percentage content 

and SD were calculated. 
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4 Results 

4.1 Paracetamol tablets 

4.1.1 Identification test of paracetamol 

        The identification test of the standard (pure paracetamol) and the various brands 

resulted as the following: 

 No precipitate was developed after adding distilled water, and violet color was 

produced slowly in standard and in all brands after adding potassium dichromate as 

shown in figure 4.1. 

 

��
S: Standard (pure paracetamol)                ��              

����������        

Figure 4.1: Result of identification test of paracetamol tablets which demonstrates    
                   violet color in all brands as in standard         ����               

 � ��



��

 ��

4. Results  

The results of the physicochemical properties of the various brands of paracetamol tablets are presented in table 4.1 and table 4.2. 

 

Table 4.1:  Physicochemical properties of seven brands of paracetamol�uncoated��tablets. 
�                           

Assay 
(%) 

Mean ± SD��

��

Dissolution at 45 
minutes (%)��

Mean ± SD��

 

Disintegration 
time (minutes) 

Mean ± SD��

��

Hardness��

(Kg) 
Mean ± SD��

 

Friability 
(%) 

Mean ± SD��

��

Weight 
uniformity (g)��

Mean ± SD��

 

Thickness 
(mm) 

Mean ± SD��

��

Diameter 
(mm) 
��

brand 

102.564 ± 0.388 

101.570 ± 0.655��

100.699 ± 0.323 

102.378 ± 0.646 

99.456 ± 0.215 

100.326 ± 0.559 

102.564 ± 0.559��

99.009 ± 0.657 

98.476 ± 1.275 

96.261 ± 1.408��

99.058 ± 1.702��

99.763 ± 1.627��

97.939 ± 1.164��

100.057 ±2.124 

��

3.153 ± 0.040 

0.757 ± 0.023 

1.927 ± 0.093 

1.977 ± 0.068 

0.890 ± 0.079 

5.250 ± 0.477 

1.757 ± 0.160��

14.900 ± 0.316 

14.700 ± 0.473 

15.200 ± 0.416 

14.000 ± 0.000 

14.000 ± 0.000 

14.000 ± 0.000��

14.000 ± 0.000��

0.163 ± 0.004��

0.145 ± 0.029 

0.049 ± 0.027 

0.174 ± 0.026 

0.207 ± 0.008 

0.222 ± 0.028 

0.257 ± 0.05��

0.634 ± 0.004 

0.712 ± 0.010 

0.577 ± 0.005 

0.523 ± 0.007 

0.604 ± 0.005 

0.549 ± 0.007 

0.587 ± 0.005��

5.075 ± 0.026��

4.560 ± 0.052��

3.875 ± 0.035 

3.595 ± 0.028 

4.275 ± 0.026 

4.205 ± 0.028 

4.025 ± 0.035��

13.05 

13.1��

13.05 

13.05��

12.55 

12.05 

12.75��

P1 

P2 

P3 

P4 

P5 

P6 

P7��

��
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Table 4.2: Physicochemical properties of three brands of paracetamol film coated ������
��������������  tablets.��  
    � 

��

��

��

��

��

 

4.1.2 Diameter and thickness measurement 

         Results showed that the uncoated brands were examined had the diameter within 

range of 12.05 - 13.1 mm, while the thickness within range of  3.595 � 5.075 mm    

(table 4.1). 

         All brands showed acceptable thickness as none of the uncoated brands deviated 

by up to ± 5.0 % from the mean value as stipulated by the reference (Hanna, 1990). 

 

4.1.3 Uniformity of weight determination 

        All brands showed acceptable uniformity of weight as none of the brands deviated 

by up to ± 5.0 % from the mean value as stipulated by BP 2005 (table 4.1 & table 4.2). 

 

4.1.4 Friability test  

      All uncoated brands had mean of the percentage loss in weight of less than  1.0 % 

and no tablet cracked, split or broken in the course of the test.  So all brands showed 

compliance with BP 2005 specification (table 4.1). 

 

 

Assay 
(%) 

Mean ± SD��

��

Dissolution at 45 
minutes (%)��

Mean ± SD��

 

Disintegration 
time (minutes) 

Mean ± SD��

��

Weight 
uniformity (g) 

Mean ± SD��

 

Brand 

99.953 ± 0.672 

102.440 ± 0.469 

100.425 ± 1.749��

99.193 ± 0.644 

97.701 ± 1.351��

100.763 ± 2.326��

2.277 ± 0.025 

8.443 ± 0.356 

15.493 ± 1.294��

0.680 ± 0.006��

0.545 ± 0.005��

0.599 ± 0.005 

P8 

P9 

P10��
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4.1.5 Hardness test 

        The results showed that the mean value of the hardness of uncoated brands within 

range of  14.0 - 15.2  Kg (table 4.1). 

The recommended value for tablet hardness is 4.0 � 6.0 kg (Gupta, 1999), thus all of 

them have high value. 

 

4.1.6 Disintegration test 

        The disintegration time mean of seven uncoated brands was less than 15 minutes as 

BP 2005 specification for uncoated tablets (table 4.1). 

The disintegration time mean of three coated brands was less than 30 minutes as BP 

2005  specification for film coated tablets (table 4.2). 

      There is wide range of disintegration time values between coated brands that the 

brands (P8, P9 and P10) have disintegration time of 2.277, 8.443 and 15.493 minutes 

respectively (table 4.2). 

 

4.1.7 Dissolution test 

          The BP 2005 stipulated that at 45 minutes, all tablets should have released into 

the dissolution medium an amount not less than 70.0 % of the labeled amount of 

paracetamol. 

         The percentage mean of the amount released at 45 minutes which are represented 

in table 4.1 and table 4.2 showed that all brands passed the dissolution test, that all 

brands released more than 70.0 % of their content within 45 minutes. 
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Figure 4.2: Dissolution profile of the ten different brands of paracetamol tablets in 
phosphate buffer PH = 5.8. ���                 ��
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The obtained dissolution profile shown in figure 4.2 revealed that: 

 Within 10 minutes  brands (P2, P3, P4, P5, P7 and P8) released more than 

 90.0 % while the release of brand (P1) in range of 80.0 � 90.0 %, brand (P6) in 

range of  70.0 � 80.0 %, brand (P9) in range of 60.0 � 70.0 %, and brand (P10) 

in minimum range of 30.0 � 40.0 %. 

 Within 20 minutes, 30 minutes, 45 minutes and 60 minutes all brands released 

more than 90 % of active ingredient.  So all brands passed the dissolution test as 

BP 2005 limits, (which stipulated that at 45 minutes all tablets should have 

released into the dissolution medium an amount not less than 70.0 %). 

 The above results shows that all brands rapidly dissolved except brands (P10 

and P9) slowly dissolved than other brands within 10 minutes, but after that all 

brands rapidly dissolved. 

��

4.1.8  Assay of  content of  paracetamol  

       The results showed that all brands had values range (99.456 - 102.564 % w/w), thus 

it lies within BP 2005 acceptable range (95.0 � 105.0 % w/w) (table 4.1 & table 4.2).�������������������������
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4.2 Ciprofloxacin hydrochloride tablets 

4.2.1 Identification test of ciprofloxacin hydrochloride 

         The identification test of the standard (pure ciprofloxacin hydrochloride) and the 

various brands resulted as the following: 

 Orange-red color was produced in standard as well as in all brands as shown in     

figure 4.3. 

 

 

S: Standard (pure ciprofloxacin hydrochloride)�                 

 

Figure 4.3:  Result of identification test of ciprofloxacin hydrochloride tablets which  �
��������������������demonstrates��orange-red��color in all brands as in standard.      ��               

��

��
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The results of the physicochemical properties of the various brands of ciprofloxacin 

hydrochloride tablets are presented in table 4.3.��
 

Table 4.3 : Physicochemical properties of nine brands of ciprofloxacin  hydrochloride 
film coated tablets.�                ��

��

4.2.2 Uniformity of weight determination 

       All brands showed acceptable uniformity of weight as none of the brands deviated 

by up to ± 5.0 % from the mean value as stipulated by BP 2005 (table 4.3). 

 

4.2.3 Disintegration test 

        The disintegration time mean of all brands was less than 30 minutes as BP 2005 

specification for film coated tablets (table 4.3). 

The disintegration time of brands (C1 and C5) is 11.44 and 18.85 minutes respectively, 

while other brands disintegrate in less than 7 minutes (table 4.3). 

Assay 
(%)��

Mean ± SD��

��

Dissolution at 30 
minutes (%)��

Mean ± SD��

 

Disintegration 
time (minutes) 

Mean ± SD��

��

Weight 
uniformity (g) 

Mean ± SD��

 

Brand 

104.372 ± 0.348 

105.635 ± 0.375��

107.186 ± 0.331 

103.001 ± 0.165 

105.454 ± 0.272 

106.969 ± 0.555 

108.016 ± 0.108 

102.821 ± 0.390 

107.402 ± 0.555��

86.184 ± 3.981��

101.517 ± 4.276��

97.812 ± 3.935��

94.773 ± 1.146��

74.996 ± 1.665��

100.191 ± 4.599��

94.966 ± 3.578��

98.703 ± 3.375��

101.318 ± 1.642 

��

11.440 ± 0.216��

1.373 ± 0.075 

5.433 ± 0.111 

6.010 ± 0.079 

18.850 ± 0.473��

2.623 ± 0.301 

5.973 ± 0.435 

4.923 ± 0.314 

4.167 ± 0.110��

0.944 ± 0.010��

0.983 ± 0.015��

0.791 ± 0.017 

0.769 ± 0.009 

0.732 ± 0.009��

0.787 ± 0.008��

0.698 ± 0.007 

0.831 ± 0.012 

0.942 ± 0.009��

C1 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

C9��
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4.2.4 Dissolution test 

           The calibration curve of ciprofloxacin hydrochloride was obtained by using the 

method which was explained in section 3.3.7.  The calibration curve was shown in 

figure 4.4, and the resulted regression equation as following : 

  Y = 0.1051x + 0.0175 , R2 = 0.999996 

y = 0.1051x + 0.0175

R2 = 0.999996
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  .Figure 4.4: Calibration curve for ciprofloxacin hydrochloride in 0.1 M HCl��
 

         The USP 30 stipulated that at 30 minutes, all tablets should have released into the 

dissolution medium an amount not less than 80.0 % of the labeled amount of 

ciprofloxacin hydrochloride. 

        The percentage mean of the amount released at 30 minutes which are represented 

in table 4.3 showed that all brands passed the dissolution test except brand (C5), that all 

brands released more than 80.0 % of their content within 30 minutes except brand (C5) 

which released 74.996 % of its content within 30 minutes.              
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Figure 4.5:  Dissolution profile of the nine different brands of  ciprofloxacin 
hydrochloride tablets in 0.1 M HCl.�                   ��
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The obtained dissolution profile in figure 4.5 revealed that:��

 Within 10 minutes brands (C2 and C8) released more than 90.0 % while the 

release of brands (C3, C6 and C9) in range of 80 � 90.0 %, brands (C4 and C7) 

in range of  70.0 � 80.0 % and brands (C1and C5) in minimum range of   

20.0 � 30.0 %. 

 Within 20 minutes brands (C3, C6, and C9) released more than 90.0 % while the 

release of brands (C4 and C7) in range of 80.0 - 90.0 %, and brands (C1 and C5) 

in minimum range of 50.0 - 60.0 %. 

 Within 30 minutes brands (C4 and C7) released more than 90.0 %, while the 

release of  brand (C1) in range of 80.0 - 90.0 %, and brand (C5) in range of 

70.0 � 80.0 %.  All brands except brand (C5) released more than 80.0 % of 

active ingredient within 30 minutes, so all brands except brand (C5) passed the 

dissolution test according USP 30 limits. 

 Within 45 minutes, and 60 minutes all brands released more than 90.0 % of 

active ingredient. 

 The above results show that brands (C2 and C8) more rapidly dissolved than 

other brands , while brands (C1 and C5) dissolved slower than other brands. 
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4.2.5 Analytical method validation 

 Table 4.4: Results of recovery study of ciprofloxacin hydrochloride using  
                       Dibbern  et�al.�method. 

��*mean value of three determinations 

 

brand 

amount of 
ciprofloxacin 

Hydrochloride in 
formulation (µg) 

amount of  pure  
ciprofloxacin 
hydrochloride 

added (µg) 

% recovery  of 
pure 

ciprofloxacin 
hydrochloride* SD RSD % 

C1 20.0 10.0 100.011 0.000 0.000 
 20.0 20.0 100.287 0.000 0.000 
 20.0 40.0 99.808 0.333 0.334 
       

C2 20.0 10.0 100.551 0.000 0.000 
 20.0 20.0 100.808 0.876 0.869 
 20.0 40.0 100.369 0.329 0.328 
       

C3 20.0 10.0 99.027 1.453 1.467 
 20.0 20.0 99.091 0.488 0.493 
 20.0 40.0 100.547 0.318 0.316 
       

C4 20.0 10.0 99.573 0.000 0.000 
 20.0 20.0 100.034 0.000 0.000 
 20.0 40.0 100.000 0.000 0.000 
       

C5 20.0 10.0 100.488 0.845 0.840 
 20.0 20.0 99.446 0.499 0.502 
 20.0 40.0 99.801 0.565 0.566 
       

C6 20.0 10.0 99.346 0.818 0.823 
 20.0 20.0 100.074 0.962 0.961 
 20.0 40.0 99.809 0.311 0.311 
       

C7 20.0 10.0 99.486 0.850 0.854 
 20.0 20.0 100.259 0.856 0.853 
 20.0 40.0 99.527 0.000 0.000 
       

C8 20.0 10.0 101.080 0.864 0.855 
 20.0 20.0 99.590 0.510 0.512 
 20.0 40.0 99.503 0.000 0.000 
       

C9 20.0 10.0 100.757 0.859 0.852 
 20.0 20.0 100.218 0.000 0.000 
 20.0 40.0 99.671 0.000 0.000 
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         Results in table 4.4 show that the recoveries percentage of the added pure 

ciprofloxacin hydrochloride are in the range of (99.027 - 101.080 % w/w), SD is less 

than 2.0 and the RSD % is very small value that less than 2.0 %. 

This revealed excellent accuracy , precision and no interference caused by excipients.  

 

4.2.6 Assay of content of ciprofloxacin hydrochloride 

         The results showed that brands (C1, C4 and C8) had values range 

 (102.821-104.372 % w/w), thus it lies within BP 2005 acceptable range  

(95.0 � 105.0 % w/w) (table 4.3). 

The brands (C2, C3, C5, C6, C7,and C9) had values range (105.454 - 108.016 % w/w), 

thus do not lies in BP 2005 acceptance range (table 4.3). 
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4.3 Amoxicillin trihydrate capsules 

4.3.1 Identification test of amoxicillin trihydrate 

          The identification test of the standard (pure amoxicillin trihydrate) and the 

various brands resulted as the following: 

         Intense yellow color was produced in standard as well as in all brands as shown in 

figure 4.6. 

 

 
S: Standard (pure amoxicillin trihydrate)�                 

 

Figure 4.6:  Result of identification test of amoxicillin trihydrate capsules which  �������
�������������������� demonstrates �� intense yellow color in all brands as in �standard. 
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The results of the physicochemical properties of the various brands of amoxicillin 

trihydrate capsules are presented in table 4.5.��
��

Table 4.5: Physicochemical properties of seven brands of amoxicillin trihydrate 
capsules. ��                

��

4.3.2 Uniformity of weight determination 

        All brands showed acceptable uniformity of weight as none of the brands deviated 

by up to ± 5 % from the mean value as stipulated by BP 2005 (table 4.5). 

 

4.3.3 Disintegration test 

        The disintegration time mean of seven brands was less than 30 minutes as BP 2005 

specification for capsules (table 4.5). 

 

 

 

 

Assay 
(%)��

Mean ± SD��

��

Dissolution at 60 
minutes (%)��

Mean ± SD��

 

Disintegration 
time (minutes) 

Mean ± SD��

��

Weight 
uniformity (g) 

Mean ± SD��

��

Brand 

108.970 ± 0.586��

107.390 ± 1.088 

110.436 ± 0.391 

107.729 ± 0.391 

109.082 ± 0.391 

107.390 ± 0.195 

107.842 ± 0.517��

90.956 ± 0.707 

89.471 ± 1.179��

94.906 ± 0.926��

83.684 ± 1.345��

92.238 ± 0.728��

97.967 ± 0.192��

91.651 ± 0.870��

��

6.363 ± 0.172 

4.630 ± 0.312��

5.210 ± 0.518 

3.863 ± 0.551 

3.153 ± 0.252 

4.473 ± 0.423 

3.517 ± 0.180��

��

0.597 ± 0.016 

0.600 ± 0.005 

0.622 ± 0.005 

0.571 ± 0.019 

0.587 ± 0.007 

0.636 ± 0.015 

0.593 ± 0.006��

A1 

A2 

A3 

A4 

A5 

A6 

A7��
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4.3.4 Dissolution test 

          The calibration curve of amoxicillin trihydrate was obtained by using the method 

which was explained in section 3.3.7.  The calibration curve was shown in figure 4.7, 

and the resulted regression equation as following : 

       Y= 0.0028 x + 0.0092 , R2 = 0.999998  

y = 0.0028x + 0.0092

R2 = 0.999998
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Figure 4.7: Calibration curve for amoxicillin trihydrate in distilled water. 

 

           The USP 30 stipulated that at 60 minutes, all capsules should have released into 

the dissolution medium an amount not less than 80.0 % of the labeled amount of 

amoxicillin trihydrate. 

          The percentage mean of the amount released at 60 minutes which are represented 

in table 4.5 showed that all brands passed the dissolution test, that all brands released 

more than 80.0 % of their content within 60 minutes.              

��

��



4. Results ��

 ��

0

10

20

30

40

50

60

70

80

90

100

110

0 10 20 30 40 50 60 70

Time (minutes)

%
 D

is
so

lv
ed

A1

A2

A3

A4

A5

A6

A7

 

Figure 4.8:  Dissolution profile of the seven different brands of  amoxicillin  ������������
�����������������trihydrate capsules in  distilled water.�                    
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The obtained dissolution profile in figure 4.8 revealed that:��

 Within 10 minutes the release of brands (A1 and A3) in range of 70.0 � 80.0 % 

while the release of brands (A5 and A6) in range of 60.0 � 70.0 %, brands  

(A4 and A7) in range of 50.0 � 60.0 %, and brand (A2) in minimum range of  

40.0 � 50.0 %. 

 Within 20 minutes the release of brands (A1, A3 and A6) in range of 80.0 - 90.0 % 

while the release of  brands (A5 and A7) in range of 70.0 � 80.0 %, and brands 

(A2 and A4) in range of  60.0 � 70.0 %. 

 Within 30 minutes brands (A3 and A6) released more than 90.0 %, while the 

release of brands (A1, A5 and A7) in range of  80.0 � 90.0 %, and brands  

(A2 and A4) in range of  70.0 � 80.0 %. 

 Within 45 minutes the release of brands (A1, A2, A5 and A7) in range of  

80.0 � 90.0 %, and brand (A4) in range of  70.0 � 80.0 %. 

 Within 60 minutes brands (A1, A5, and A7) released more than 90.0 % of active 

ingredient while the release of brands (A2 and A4) in range of  80.0 � 90.0 %. 

All brands released more than 80.0 % of active ingredient within 60 minutes, so 

all brands passed the dissolution test according to USP 30 limits. 

 The above results revealed that brands (A1, A3 and A6) more rapidly dissolved 

than other brands, while brands (A2 and A4) slowly dissolved than other brands. 
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4.3.5 Analytical method validation 

Table 4.6: Results of recovery study of amoxicillin trihydrate using Dibbern et al. 
method.         ��                   

             ��������������� ��

 
 
 

amount of 
amoxicillin 

trihydrate in 
formulation (µg) 

amount of  pure  
amoxicillin 

trihydrate added 
(µg) 

% recovery  of 
pure 

amoxicillin 
trihydrate* SD RSD % 

A1 20.0 10.0 99.369 0.865 0.870 
  20.0 20.0 101.249 0.330 0.326 
  20.0 40.0 100.023 0.804 0.804 
            

A2 20.0 10.0 99.952 0.158 0.158 
  20.0 20.0 101.756 1.116 1.096 
  20.0 40.0 99.577 0.000 0.000 
            

A3 20.0 10.0 100.576 0.000 0.000 
  20.0 20.0 101.118 1.175 1.162 
  20.0 40.0 98.506 0.000 0.000 
            

A4 20.0 10.0 100.570 0.000 0.000 
  20.0 20.0 102.593 1.167 1.137 
  20.0 40.0 99.886 0.819 0.820 
            

A5 20.0 10.0 99.136 1.842 1.858 
  20.0 20.0 101.054 0.000 0.000 
  20.0 40.0 100.786 0.000 0.000 
            

A6 20.0 10.0 100.424 0.000 0.000 
  20.0 20.0 100.362 0.917 0.913 
  20.0 40.0 100.608 0.845 0.839 
           

A7 20.0 10.0 101.049 0.000 0.000 
  20.0 20.0 101.152 1.897 1.876 
  20.0 40.0 99.810 0.927 0.929 

*mean value of three determinations 

 

          Results in table 4.6 show that the recoveries percentage of the added pure 

amoxicillin trihydrate are in the range of (98.506 - 102.593 % w/w), SD is less than   

2.0 and the RSD % is very small value that less than 2.0 %. 

This revealed excellent accuracy , precision and no interference caused by excipients. 
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4.3.6 Assay of content of amoxicillin trihydrate 

       The results showed that brands (A1, A2, A4, A5, A6, and A7) had values range 

(107.390 - 109.082 % w/w), thus it lies within BP 2005 acceptable range  

(92.5 � 110.0 % w/w), while brand (A3) had value 110.436 % w/w, thus not lies in     

BP 2005 acceptance range (table 4.5). 
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5 Discussion 

5.1 General aspect  

        The present study was conducted to assess the quality of three essential drugs 

marketed in Palestine. To achieve this purpose, twenty six formulations (ten brands of 

paracetamol tablets, nine brands of ciprofloxacin hydrochloride tablets and seven brands 

of amoxicillin trihydrate capsules) were obtained from different retail pharmacies in 

Gaza and then were subjected to a number of tests. 

       Also the present study used and validated an analytical method for assay of content 

of ciprofloxacin hydrochloride in the tablets and amoxicillin trihydrate in the capsules. 

The analytical method depends on the measurement of the absorbance of drug in 0.1 M 

sodium hydroxide using UV- visible spectrophotometer apparatus. 

       In this part, the results and findings of  the present study will be interpreted and 

discussed. 

 

5.2 Identification test of active substance  

          From the results of  each of  paracetamol tablets (in section 4.1.1), ciprofloxacin 

hydrochloride tablets (in section 4.2.1) and amoxicillin trihydrate capsules (in section 

4.3.1)  it was observed that all brands contain the needed active substance by comparing 

the result with that of standard pure active substance. 
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5.2.1 The reaction mechanism of the resulted color 

5.2.1.1 Paracetamol tablets 

        The violet color which resulted as shown in section 4.1.1 was contributed to the 

following: 

Paracetamol (1) is an N-arylamide and thus is sensitive to hydrolysis giving  

4-aminophenol (2) and acetic acid (3), then this step is followed by oxidation with 

potassium dichromate giving violet color which attributable to the formation of the 

merocyanine (5) resulting from (4) and (2) as shown in figure 5.1 (Roth et al., 1990). 
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Figure 5.1: Reaction mechanism of paracetamol with potassium dichromate in acidic �
��������������������media (Roth et al., 1990). 
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5.2.1.2 Ciprofloxacin hydrochloride  tablets 

          The orange-red color which resulted as shown in section 4.2.1 was contributed to 

the following: 

 It was found that the reaction of iron (III) with ciprofloxacin is fast at room 

temperature and form a high stable colored complex (Sultan & Suliman, 1992). 

 Ciprofloxacin seems to bind to ferric ion in a ratio of 3:1 by interacting with the 

4-keto and 3-carboxyl groups on ciprofloxacin, this result in formation of ferric 

ion � ciprofloxacin complex (Kara et al., 1991). 

 The structure of complex which gave the orange-red color as shown in section 

4.2.1  is illustrated in figure 5.2 B (Bhowal & Das, 1991). 
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Figure 5.2: Structure of ciprofloxacin (A) and its iron complex (B). 
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5.2.1.3 Amoxicillin trihydrate capsules 

         It is reported that phenols containing an -OH moiety in the para substituent can be 

oxidized by ferric ion, to the corresponding phenoxy radical, which is a transient species 

and undergoes spontaneous irreversible disproportionation to produce quinine       

(Salem & Saleh, 2002).  The molar ratio of iron (III) to amoxicillin drug was 2:1                  

(Salem & Saleh, 2002). 

        As amoxicillin is phenolic compound so this mechanism can be occured and give 

intense yellow color as shown in section 4.3.1. 

        A possible reaction mechanism is illustrated in figure 5.3 (Salem & Saleh, 2002). 
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       Figure 5.3: Reaction mechanism of amoxicillin with iron (III) (Salem & Saleh,����
��������������������������� 2002). 
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5.3 Diameter and thickness measurement 

           From the  results in section 4.1.2  it was noticed that there is no wide difference 

in values of diameter among uncoated brands of paracetamol tablets.  So the consumer 

should not doubt about potency. 

If the tablets manufactured by different companies and contained the same amount and 

differ in size then consumer may doubt whether these tablets have same potency.  So 

diameter standard of the same active ingredient tablets can assist to remove this doubt. 

The standard was introduced into the BP of 1958 replacing a guide of recommended 

tablet diameter which had been issued for some years by the association of British 

pharmaceutical industry, but the usefulness of this standard is currently the subject of 

debate: the USP has never had such a standard (Armstrong, 1996). 

       Also from the results in section 4.1.2 it was noticed that all uncoated brands of 

paracetamol tablets had thickness variation of mean value within ± 5.0 % as stipulated 

by reference (Hanna, 1990), this revealed that the factors affecting thickness were taken 

in the consideration. 

 

5.4 Uniformity of weight determination 

        From results in sections 4.1.3, 4.2.2, and 4.3.2 it was noticed that the 

uniformity of weight determination for all the brands showed compliance with the 

BP 2005 specification, as none of the brands deviated by up to ± 5.0 % from their 

mean values.  This indicates that the factors leading to weight variation were taken 

in consideration. 
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5.5 Friability test 

           From results in section 4.1.4 it was noticed that all the uncoated brands of 

paracetamol tablets complied with BP 2005  specification that percentage loss in weight 

is less than 1.0 %, and no tablet caps, laminates or breaks up in the course of the test.  

This showed that all the brands could withstand abrasion without loss of tablet integrity, 

and the causes of high friability were taken in consideration during manufacturing the 

tablet. 

 

5.6 Hardness test 

   From results in section 4.1.5 it was noticed that all uncoated brands of 

paracetamol tablets have high value of hardness (14.0 - 15.2 kg), as hardness standard, 

4.0 kg is considered suitable for handling the tablets and 6.0 kg or more will produce 

tablets of high compact nature (Gupta, 1999).  This related to one or combined factors 

affect on hardness which were mentioned previously in section 2.4.5.3. 

         Although all uncoated brands of Paracetamol tablets have very high hardness, they 

still exhibited very good quality control parameters such as dissolution profile, 

disintegration time and chemical content determination.  This indicates that hardness 

test is not a critical quality control parameter (Aldegbolagun et al., 2007).    

 

5.7 Disintegration test 

         From  results in sections 4.1.6, 4.2.3 and 4.3.3 it was observed that all brands of 

paracetamol tablets, ciprofloxacin hydrochloride tablets and amoxicillin trihydrate 

capsules passed BP 2005 specification of disintegration test, as the disintegration time 

of uncoated brands of paracetamol tablets was less than 15 minutes and of film coated 
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brands of paracetamol tablets, ciprofloxacin hydrochloride tablets and amoxicillin 

trihydrate capsules was less than 30 minutes.  This leads to achieve the aim that 

formulations will be broken down to facilitate release of content in the gastrointestinal 

tract. 

          There is wide range in the disintegration time of the coated brands of paractamol 

tablets, where brands (P8, P9 and P10) had disintegration time of 2.277, 8.443 and 

15.493 minutes respectively.  Also in case of ciprofloxacin hydrochloride tables, it was 

observed that brands (C1 and C5) had disintegration time of 11.44 and 18.85 minutes 

respectively, while all other brands disintegrate in less than 7 minutes.  This is related to 

one or combined factors affected on the disintegration as were mentioned previously in 

section 2.4.6.3. 

        Two factors of them are the thickness and physicochemical nature of the coating 

layer.  As the type of coating in the brands is film coat, then the thickness of coat do not 

play an important role because it is not thicker than the page of this paper and are 

usually in range of 0.002 to 0.01 inch in thickness (Banker, 1974). 

The physicochemical nature may affect on the disintegration time.  The film coating 

with water�soluble polymer should have no significant��effect on the rate of 

disintegration and subsequent drug dissolution.  But in case of��film coating with 

hydrophobic water�insoluble film coating material, lead �to�film coats acts as a barrier 

which delays and/or reduces the rate of�drug release.  Thus these types of film coating 

materials form barriers���which�can produce a significant influence on drug absorption 

(Ashford, 2002).  However, it was not possible to determine the exact cause of these 

differences in disintegrating time from the coating composition or/and from other 

factors, as the composition of most formulations was not known. 
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5.8 Dissolution test 

         From  results in sections 4.1.7, 4.2.4 and 4.3.4 it was observed that all brands meet 

pharmacopoeia specification of dissolution test except brand (C5) which released 

74.996 % of labeled content at 30 minutes, as BP 2005 specifies that not less than 

70.0% of labeled content should dissolve at 45 minutes for paracetamol tablet and USP 

30 specifies that not less than 80.0 % of labeled content should dissolve at 30 minutes 

for ciprofloxacin hydrochloride tablets and at 60 minutes for amoxicillin trihydrate 

capsules.   

        The results revealed that all brands exhibit good release of the drug to the site of 

absorption and may have good bioavailability, except brand (C5) which is slow in 

release of drug that may delay the absorption. This related to the formulation and 

manufacture factors which were mentioned previously in sections 2.4.7.3 and 2.4.7.4. 

        It is interesting to note that several authors have previously disagreed on the     

correlation between disintegration time and dissolution time.  Some authors mention 

that disintegration and dissolution times are correlated, while others continue to 

disagree (Nwodo et al.; 2007).  From results, it seems to be a high correlation between 

the two variables in case of paracetamol tablets and ciprofloxacin hydrochloride tablets.  

For example the brands (P10, P9, C1 and C5) which have the highest disintegration 

time, showed to have the lowest percentage release within 10 minutes for brands      

(P10 and P9) and within 10 minutes and 20 minutes for brands (C1and C5).  In case of 

amoxicillin trihydrate capsules, there is no high range between times of the 

disintegration of brands, but it was noticed the differences��in the dissolution profiles 

between brands as shown in figure 4.8. 

       As there are many factors affecting on the dissolution as mentioned previously in 

sections 2.4.7.3 and 2.4.7.4, taken as a whole, this gives each product certain dissolution�
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�characteristics which varies from brand to another.  So it is not surprising to observe 

variation in vitro�dissolution among ten brands of paracetamol tablets, nine brands of�

ciprofloxacin hydrochloride tablets and seven brands of amoxicillin trihydrate capsules 

which were investigated in this��study. 

 

5.�  Analytical method validation  

           From results in table 4.4 and table 4.6 it was observed that the recoveries 

percentage of the added pure ciprofloxacin hydrochloride were in the range of     

(99.027 - 101.080 %), while of pure amoxicillin trihydrate were in range of         

(98.506 - 102.593 %), this indicated excellent accuracies and no interference from 

excipients was exhibited. 

SD is less than 2.0 for ciprofloxacin hydrochloride and amoxicillin trihydrate and    

RSD % for both drugs is less than 2.0 %, this indicated the high precision of the 

method. 

Thus the Dibbern et al. method is simple, rapid, no laborious time consuming, 

inexpensive and  no need for high cost instruments.  The significant advantage is the 

possibility of using the method to assay the drug in complex dosage formulation in 

presence of  the excipient without any interferences. 

 

5.10  Assay of  content of active ingredient��

         From  results in sections 4.1.8, 4.2.6 and 4.3.6  it was observed that all the brands 

of paracetamol tablets had chemical content percentage within BP 2005 specification 

range (95.0 � 105.0 % w/w), but sex of nine brands of ciprofloxacin hydrochloride 

tablets (C2, C3, C5, C6, C7 and C9), and one of seven brands of amoxicillin trihydrate 

capsules (A3) failed to be within BP 2005 specification range of (95.0 � 105.0 % w/w) 
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for ciprofloxacin hydrochloride tablet and of (92.5 � 110.0 % w/w) for amoxicillin 

trihydrate capsules. 

This revealed that there is a problem in manufacturing of failed  brands, while there is  

good manufacturing for accepted brands.  
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6 Conclusion 

 The present study showed that all brands of paracetamol tablets, three of the 

nine brands of ciprofloxacin hydrochloride tablets, and six of the seven brands 

of amoxicillin trihydrate capsules meet the quality specification of 

pharmacopoeia.  This shows that the Palestinian drug market needs high and 

continuous monitoring for all available listed brands of all drugs in the market. 

 

 Using iron (III) for identification of ciprofloxacin hydrochloride in the tablets 

and amoxicillin trihydrate in the capsules is sensitive, selective, simple, rapid 

and inexpensive method when was compared with other official method.  Also 

there were no interferences noticed due the presence of the excipients. 

 

 Results showed that the high hardness of paracetamol tablets has no influence on 

the disintegration and the dissolution properties. 

 

 Also, results indicated that there is direct relation between the disintegration 

time and the dissolution profile in case of paracetamol tablets and ciprofloxacin 

hydrochloride tablets but not in case of amoxicillin trihydrate capsules.  Despite 

there is no high range difference in the disintegration time between amoxicillin 

trihydrate brands, there was some differences in the dissolution profile, which 

related to the  manufacture factors. 
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 In spite of  presence some differences in the dissolution profile especially in first 

time of the dissolution, it seems that all brands have good dissolution character 

which predict good bioavailability except brand (C5).  

However, there is a special need to carry out in vivo studies to further 

substantiate the in vitro predictions.  Thus in the absence of bioavailability data, 

there is no good reason apart from cost to prefer one brand to another. 

 

 The spectrophotometeric method for the assay of ciprofloxacin hydrochloride in 

the tablets and amoxicillin trihydrate in the capsules which used in this study is 

more precise, accurate, rapid, and easy to use than the most reported methods 

such as HPLC and capillary electrophoresis methods.  Also it characterized by 

no need for heating or extraction, instrumental simplicity, cost-effective in the 

use of reagents and time and no interference of excipients and coating materials. 

It could be used in routine monitoring of the quality of ciprofloxacin 

hydrochloride pure powder and tablets, and of amoxicillin trihydrate pure 

powder and capsules especially in the absence of high sophisticated equipment 

that are not easily available in most developing countries. 
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