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Summary 
Seven brands of chloroquinc phosphate tablets sourced 
from different retail outlets in the South-West Nigerian 
market were ana lysed in o r d e r to d e t e r m i n e thei r 
phys i cochemica l e q u i v a l e n c e . T h e a s s e s s m e n t 
parameters included uni formi ty of weight , friability, 
crushing strength, disintegration and dissolution tests 
and chemical assay of the tablets. All the brands passed 
the British Pharmacopoeia tests for weight uniformity, 
disintegration time and dissolution rate. Two brands, C 
and E passed the minimum criterion for crushing strength, 
four brands passed the friabili ty test and two brands 
exceeded the specified amount of active drug content for 
chloroquinc tablets. Only one brand C out of the seven 
brands that were analysed passed all the BP quality 
specifications. Hence none oTthe seven brands analysed 
could said to be physically and chemically equivalent. 
This study highl ights the need for constant market 
monitoring of new products in order to ascertain their 
quality. 
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Resume: 
Sept o p t i o n s d e s c o m p r i m c s de p h o s p h a t e de 
chloroquine aux vendeurs ambulant etaient analyse dans 
Ic but de determiner leurs proprietes physicochemiques 
equivalence au Sud Ouest du Nigeria. Les parametres 
evalues inclus I 'uniformitedu piuds, la friabilite, la solidite, 
la desintegration ,les testes de dissolution et l 'analyse 
chimiques de ces comprimcs. Tous les options avaient 
un poids uniforme, un meme taux de desintegration et de 
dissolution aux testes de la pharmacopee britanique. L'op-
tion C et E passaicnt le critere minimal de solidite, 4 op-
tions passaient le teste de friabilite et 2 options avaient 
une quantite excessive de la substance active. Seule Pop-
tion c sur les 7 passait tous les specifications de qualite 
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du BP, Mais n'avaient pas de meme propritcs physico-
chimiqucs. Cctte etude demontre le besion d 'un controle 
constant et permanent des nouveaux produits pour assu-
rer leur qualite. 

Introduction 
There is an increase in the number of generic drug products 
from multiple sources; people involvecLin the delivery of 
health care are placed in a position of having to selcct 
one from among several seemingly equivalent products. 
Multisource intcrchangeability helps to contain the costs 
of drugs and reduces market monopoly by innovator 
manufacturers. Further, if therapeutic equivalence is 
established, preference will naturally be given to drugs 
with lower costs. For instance, in 1975 approximately 9% 
of all prescription drugs dispensed in the United States 
were gcncric versions and a higher percentage is believed 
dispensed in Sub-Sahara Afr ica 1 . Over 8 0 % of the 
approximately 10,000 prescription drugs available in 1990 
were obtained from more than one source and variable 
clinical responses to these dosage forms supplied by two 
or more drug manufac tu r e r s is documented 2 . The 
differences in responses may be due to formulation 
ingredients employed, methods of handling, packaging 
and storage and even the rigours encountered during in-
process quality control. Hence, there is need to determine 
thei r t he r apeu t i c e q u i v a l e n c e in o rde r to e n s u r e 
intcrchangeability. 

Meanwhile, many developing countries do not have 
an effective means of monitoring the quality of generic 
drug products in the market. This results in widespread 
distribution of substandard and/or counterfe i t d rug 
products. This situation informed the decision of the 
World Health Organization in issuing guidelines for global 
s t anda rd and r e q u i r e m e n t s for the r e g i s t r a t i o n , 
assessment, marketing, authorization and quality control 
of generic pharmaceutical products' . The purpose of this 
was to give technical guidelines to national regulatory 
authorities such as the National Agency for Food and 
Drug Administration and Control (NAFDAC) in Nigeria, 
which is responsible for drug administration and control 
in Nigeria and the quality of drug dosage forms generally 
available in the market. Generic drugs must satisfy the 
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same standards of quality, efficacy and safety as those 
applicable to the innovator products. Preliminary 
physicochcmical assessment of the products is very 
important and in vitro dissolution testing can be a valuable 
prcdictor of the in vivo bioavailability and biocquivalcnce 
of oral solid dosage forms [4], Previous work on other 
drugs has shown the need for this study[5,6]. 

Chloroquine phosphate is widely used as a first line 
drug in the suppression of susceptible Plasmodium 
falciparum malaria, which is a cause of high mortality 
among children in tropical Africa. 

Several generic versions of chloroquine phosphate 
tablets are marketed in Nigeria, hence there is the need to 
assess the physical and chemical properties of these 
products as compared with the minimum standards as 
specified in the official books. In the present study the 
equivalence of seven brands of chloroquine phosphate 
tablets sourced from retail pharmacies in South-West 
Nigeria was determined using in vitro methods. This 
study is aimed at obtaining baseline data towards the 
establishment of biocquivalcnce of the tablets. 

Experimental 
Materials 
Seven brands of Chloroquine phosphate tablets (A-G) 
were obtained from retail outlets in Nigeria. The 
manufacture and expiry dates are shown in Table I. 

Physical measurements 
For each brand, twenty tablets selected at random were 
weighed individually and their average weight calculated 
to determine the weight uniformity [7]. The percentage 
deviation of each tablet from the average weight was 
determined. 

Twenty tablets were caused to cascade in a friabilator 
(Ketan Model 12010, India) rotated at 25rpm for4minutes. 
The weight loss was determined as a percentage of the 
initial weight. 

Crushing strength of each of 5 tablets per brand was 
determined using the PTB 301 hardness tester (Pharmatcst, 
Switzerland). The load required to break the tablets into 
two halves was determined. 

The disintegration times of six tablets per brand were 
determined in distilled water at 37 ± 0.5"C using the Erweka 
tablet disintegration apparatus (Erweka Apparabctau, 
Germany). Determinations were done in triplicate. This 
was done in accordance with BP 1998 specifications. 

Dissolution tests were carricd out on the tablets using 
the Erweka dissolut ion test appara tus (Erweka 
Apparabctau, Germany) fitted with baskets rotated at 
100 rpm. The dissolution medium, 900ml of 0.1M HCI, 

was poured into the vessel and maintained at 37+ 0.5°C. 
One tablet from each brand was placed in the basket and 
lowered into the vessel containing the dissolution 
medium. 5ml samples were withdrawn at time intervals 
and replaced with fresh dissolution medium. The samples 
were filtered and diluted appropriately with 0.1M HCI and 
the absorbancc of the solution measured at 344nm. 

The graph of the amount of chloroquine phosphate 
dissolved versus time was plotted from which TJ0 and 
Tk0, the time required for 50% and 80% of the active drug 
component to dissolve, and the amount dissolved in 
45minutes was obtained for each brand. Determinations 
were done in triplicate. 

Assay of active ingredient 
Twenty tablets from each brand were weighed and 
powdered. A quantity of the powder containing 500mg 
Chloroquine phosphate was dissolved in 20ml of 1M 
sodium hydroxide and extracted with four successive 
25mls of chloroform. The chloroform extracts were 
combined and evaporated to a volume of 10ml. 40ml of 
anhydrous acetic acid was added and non-aqueous 
titration carried out. The end-point was determined 
potentiometrically (BP). Perchloric acid ( lml ifO.lM) is 
equivalent to 25.79mg ofC IKH,6CINV 2H,P04 (Chloroquine 
phosphate) . 2 5 0 m g of C h l o r o q u i n e phosphate is 
approximately equivalent to 155mg chloroquine base. 

Data analysis 
Data for weight uniformity test, friability, crushing 
strength, disintegration and dissolution times of the 
tablets are presented as mean + standard deviation. 

Results and discussion 
The present study was carried out to evaluate the 
physicochcmical proper t ies of d i f ferent brands of 
chloroquine phosphate tablets having the same labelled 
content and to determine their pharmaceutical equivalence 
which is a precursor of biocquivalcnce. All the samples 
used were within their shel f l ives at the time of 
investigation. Six out of the seven brands of chloroquine 
phosphate tablets have been registered by NAFDAC. 
The results of the physical properties of the various 
brands of chloroquine phosphate are presented in Table 
2. All brands showed acceptable uniformity of weight as 
none had percent deviation in weight greater than 5% as 
stipulated by the British Pharmacopoeia 1998. The 
significance of the test is to ensure that the tablets in 
each Lot are within the appropriate size range. 

Brands C, E, F and G passed the friability test while 
brands A, B and D failed (Table 2). This test is a measure 
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Table 1: Country of o r ig in , m a n u f a c t u r e a n d expi ry da tes o f seven b rands of ch lo roqu ine Figure 

Brand Country of Date of Expiry Date 

Origin Manufacture 

NAFDAC* 

Registration 

Nigeria 

China 

India 

India 

India 

India 

London 

February. 2003 

September. 2002 

November, 2001 

November, 2002 

February, 2003 

March, 2001 

April. 2001 

February, 2006 

September. 2005 

Oetobcr, 2004 

October, 2005 

January. 2006 

February. 2004 

April, 2004 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

N o 

* National Agency for food and drugs administration and control, Abuja, Nigeria 

of the t a b l e t ' s a b i l i t y to w i t h s t a n d a b r a s i o n d u r i n g 
packaging, sh ipp ing and hand l ing . T h e fa i lure of s o m e o f 
the brands is p o s s i b l y d u e to t h e u s e o f i n s u f f i c i e n t 
amount o f b inder in the table t f o r m u l a t i o n , inadequa te 
moisture con t en t d u r i n g c o m p r e s s i o n o r i n s u f f i c i e n t 
compression pressure . A c o n s e q u e n c e of this is poss ib le 
loss of drug content l ead ing to insuf f i c ien t d o s e del ivered 
to the patient. 

A direct cor re la t ion o f th is cou ld be obse rved in the 
crushing strength d e t e r m i n a t i o n s fo r the seven b rands of 
tablets, where table ts that fa i led the fr iabi l i ty test a lso 
had low c rush ing s t rength va lues . A c r u s h i n g s t rength 
value of 4kgF is c o n s i d e r e d m i n i m u m for a sa t i s fac tory 

tablet [8] and b rands A , B, D, F a n d G failed this test. 
Tablets with low c ru sh ing s t rength will not have ability to 
resist chipping, ab ras ion or b r e a k a g e u n d e r cond i t ions of 
t r anspor t a t ion , s t o r a g e a n d h a n d l i n g . T h e c r u s h i n g 

strength of the t ab le t s is a n e s sen t i a l c r i te r ion in the 
de t e rmina t ion o f t h e a b i l i t y o f t h e t a b l e t s to res i s t 

ch ipping , a b r a s i o n o r b r e a k a g e u n d e r c o n d i t i o n s o f 
storage, t r anspor t a t i on a n d h a n d l i n g b e f o r e use . T h e 

results s h o w e d that t h e b r a n d s e x a m i n e d had m e a n 
crushing strength wi th in the r a n g e o f 2 .2 - 4 . 3 kgF. T h e s e 

two tests, c rush ing and friabil i ty arc n o w required for 
tablets as s t ipulated in the recent speci f ica t ions in the 
official books. 

The values of c rush ing strength C S and friabili ty F 
p r o v i d e m e a s u r e s o f tab le t s t r e n g t h a n d w e a k n e s s , 
respectively. Thus , C S - F ratio ( C S F R ) can be used as a 
measure o f the mechanica l s t rength of the ch loroquine 
phosphate tablets. T h e higher the C S F R , the s t ronger the 
tablet [10]. T h e values of C S F R are presented in Table 2. 
Brands C, E and G gave very high values wh ich showed 
their good mechanical propert ies while brands A . B and D 
g a v e qu i te low va lues . It shou ld be no ted that both 
c rush ing s t rength and fr iabi l i ty tests are n o w off ic ia l 
requi rements for tablets. 

T h e disintegrat ion test measures the t ime required 

for tablets to dis integrate into part icles. Th i s could be a 
necessa ry condi t ion for d i sso lu t ion and subsequen t ly 
t h e r a t e - d e t e r m i n i n g s t e p in t h e p r o c e s s o f d r u g 
absorpt ion. T h e type and amoun t o f cxcip ients in a tablet 
formulat ion as well as the manufac tu r ing process are all 

known to a f fec t both the dis integrat ion and dissolut ion 
parameters [9,11). All brands however passed the BP 1998 
standard which stipulates a disintegration t ime of not more 

Tabic 2: Physicochcmical properties of seven brands of chloroquine phosphate tablets 
Crushing 

Parameter 

Weight 
uniformity test, 
mg(mean ± sd) 

Friability, 
% loss (mean 
± ^d) 

Crushing 
strength. KgF 
(mean ± sd) 

strength 
friability ratio 
(CSFR) 

Disintegration 
time, min 
(mean ± sd) 

Brand A 304.1 ± 3 . 4 2.8 ± 0.6* 2.2 ± 0.8 0.78 3.3 ± 0.5 

Brand B 340.5 ± 4 . 7 1.4 ± 0 . 2 * 2.7 ± 1.3 1.93 2.3 ± 0.4 

Brand C 321.2 ± 1.5 0.4 ± 0.1 4.0 ± 1.8 10.00 11.2 ±0.2 

Brand D 333.7 ± 3 . 6 1.6 ±0 .3* 2.4 ± 0 . 3 1.50 6.3 ± 0.5 

Brand E 355.3 ± 1.5 0.4 ± 0.2 4.3 ± 2.2 10.75 10.1 ± 0 . 3 

Brand F 318.3 ± 1.8 0.5 ±0 .1 2.2 ± 1.6 4.40 4.4 ± 0 . 2 

Brand G 334.1 ± 1.4 0.4 ± 0.2 3.5 ± 2 . 2 8.75 5.3 + 0.5 

* Failed to meet BP specifications 
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Tabic 3: Activc drug contcnt of the seven brands of chloroquinc 

phosphate tablets (mean ± sd) 

Brand Code %w/w (mean ± sd) 

A 100.1 ±0 .4 

B 93.4 ±1 .2 

C 98.0 ±0.1 

D 97.0 ± 1.6 

E II 1.4 ±0.3* 

F 112.4 ±2.1* 

G 100.6 ±0.1 

* Failed BP specification 

t han 15 m i n u t e s fo r u n c o a t c d t a b l e t s . Al l b r a n d s 
disintegrated within 12 minutes. This rapid disintegration 
may be due to the type and amount o f disintegrant used 
in the formulations. It could be observed that tablets with 
low crushing strength also had low disintegration time. 
This could be accounted for by the use of a high amount 
of disintegrant and or low compression pressure. 

T h e resul ts o f the assay of chemica l contcnt to 
determine the amount o f chloroquinc phosphate present 
in each formulation are presented in Table 3. Brands A, B, 
C, D and G had the s ta ted a m o u n t o f chJo roqu ine 
phosphate in the tablets, having between 92.5 -107 .5% 
while brands E and F failed. This failure could be due to 

Table 4: Dissolution parameters of the seven brands of 
chloroquine phosphate tablets (mean ± sd) 

Brand 
Code 

TX(I % Dissolved 
at 45min 

A 8.3 ± 1.2 43.2 ± 1.7 81.0 ± 1.5 

B 14.0 + 0.4 47.1 ± I.I 78.2 ± 2.6 

C 9.1 ±0.1 31.8 ± 3.1 86.1 ± 0.3 

D 18.3 ±3 .2 45.3 ±2.1 80.3 ± 0.7 

E 21.9 ± 0.4 44.2 ± 2.2 75.2 ± 0.4 

F 24.3 ± 2.7 43.4 ± 5.4 83.1 ±2.1 

G 11.4 ± 0.6 29.2 ± 3.2 89.5 ± 3.2 

Fi}». I: Dissolution profiles of seven brands of chloroquine phosphate 
in 0.1M IICI at 344nm 

poor p repara t ion t echn iques dur ing formula t ion and 
subsequent manufactur ing . Incorrect weighing and non-
sa t i s fac tory mix ing can also be responsible for non -
uniformity of active drug content. This test is of particular 
importance as good mechanical properties cannot m a k e 
up for inadequate drug content . This could be a pr imary 
cause of treatment failure in malarial fever, a l though in 
this case the tablets had more than the stated amount o f 
activc ingredient. This may result in increased incidence 

of adverse drug reaction. 
The dissolution test is a measure of the amoun t o f 

drug released into the dissolution med ium with t ime. T h e 
United States Pharmacopoeia stipulates that at 45 minutes , 
75% of the labelled amount of ch loroquine phospha te 
should have been released into the dissolut ion med ium. 
The dissolution profi les of the seven brands are presented 
in Figure 1. T h e t ime for 5 0 % and 8 0 % (T50 and T ^ , 
respectively) of drug to be released and the amoun t o f 
drug released at 45 minutes arc presented in Table 4. This 
implies that all b r ands tested will re lease s ign i f i can t 
amount of the drug for absorpt ion within the stated t ime 
and thus lead to good therapeut ic response . 

All brands passed the d rug release tests whi le one 
failed at least one of the tests to de te rmine the mechanica l 
propert ies of the tablets. 

Conclus ion 
Only brand C passed all the tests st ipulated for uncoated 
tablets. Brands A, B, C, D and G passed the content 
un i fo rmi ty test. Brands C and E passed the c rush ing 
strength test and brands C, E, F, G passed the friabili ty 
test. T h e b r a n d s a s se s sed w e r e not equ iva len t us ing 
phys ica l a n d c h e m i c a l p a r a m e t e r s h e n c e c a n n o t be 
interchanged in the t rea tment o f malarial fever. 
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