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Summary 
Many proprietary and gcner ic fo rmula t ions of co-
trimoxazole tablets commercially marketed in Nigeria arc 
mostly from Asian countr ies . N ige r i ans buy these 
products because of their cheaper prices but not confident 
with regards to therapeutic, quality, safety, and cfficacy. 
Health professionals usually arc cautious about drug 
product selection and substitution during prescription 
and dispensing. In this paper, the bioequivalence study 
of three multi-sourccd (gcneric) co-trimoxazole tablets was 
carried out on the urine of twelve healthy volunteers. 
The reversed-phasc h igh p e r f o r m a n c e l iquid 
chromatography w a s e m p l o y e d for the ana lys i s . 
Sulphadoxine was used as internal standard. The limits 
of detection were 76.3 ng/mL for trimethoprim, and 61.9 
ng/mL for sulphamcthoxazolc at 0.16 aufs. The linearity 
(n=5) for the calibration curve was of the order, 1.0000 for 
trimethoprim and 0 .9998 for s u l p h a m c t h o x a z o l c : 
percentage r e c o v e r i e s for t r i m e t h o p r i m and 
sulfamethoxazole were 89.4 and 87.9% respectively. The 
relative bioavailabilities of the two generics to the 
innovator's product were 104.2% (trimethoprim) and 
106.8% (sulphamcthoxazolc); 114.8% (trimethoprim) and 
111.8% ( sulphamcthoxazolc) for a product of reputable 
pharmaceutical company in Nigeria and Indian product 
respectively. In conclusion, the three gcncric formulations 
of co-trimoxazole tablets were biologically equivalent. 
Intcrchangcability of drugs in prescription and dispensing 
may be recommended in this situation. 
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Resume 
Plusicurs proprietaires pharmaceutiqucs ct des formula-
tions gencriques des comprimes dc cotrimoxazole en ventc 
au Nigeria provienncnt des pays asiatiqucs. Ces produits 
sont moins chcr mais la question dc la qualite, I'cffcct 
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therapcut iquc et I ' c f f i cac i t c restent inccrtainc. Les 
personels dc santc font attention a propos dc la selection 
durant la prescription et la substitution du medicament a 
la ventc. L'etude dc la bioequivalence de 3 sourccs de 
cotrimoxazole ctaicnt faitc sur les urines de l2volontai-
res sain par la phase rcnvcrsc dc la chromatographic li-
quide. La suphadoxinc ctait utiliscc comme reference in-
terne. Les limitcs dc detection ctaicnt dc 76.3 ng/ml pour 
Ic trimothroprimc, 61.9ng/ml pour le sulfphamcthaxazole. 
La lincaritc ctait en ordrc, 1000 pour le trimethroprime et 
0.9998 pour la sulfphamcthaxazole. Le pourcentage de 
recollection dc la trimethroprime et la sulfphamcthaxazole 
ctait dc 89.4% et 87.9% respectivemcnt. La disposition 
relative des 2 gencriques au nouvcau produit ctait de 
104.2%(T) ct 106.8(S); I !4.8%(T)et 111.8(S) pour ce pro-
duit d 'un industrie pharmaceutique reputce du Nigeria et 
d 'Indc rcspcctivcmcnt. En conclusion, les formulations 
generiqucs du cotrimoxazole ctaicnt biologiquement equi-
valent. L'interchangcabilitc de medicament present et dis-
pense pcut ctre recommcndce dans ce cas. 

Introduction 
Co-trimoxazolc is a broad-spectrum combination anti-
bacterial agent containing sulphamcthoxazolc (SMZ) and 
trimethoprim (TMP) in the ratio 5:1. Although each of the 
drug components in the combination is bacteriostatic, 
co-trimoxazole is said to be either bacteriostatic or 
bactcricidal [1]. The combination has been found useful 
[2,3,4] in the treatment of infections such aspneumocyst ic 
carinii pneumonia, symptomatic shigella enteritis, 
systemic salmonella infections (caused by ampicillin- or 
chloramphcnicol- res is tant o rganisms) , compl ica ted 
urinary tract infections, prostatitis, and many others. 
However, as with other antibacterial agents extensive use 
of co-trimoxazole may lead to the development of resistant 
organisms. Bioequivalence studies can be employed 
a m o n g o ther m e a s u r e s to r educe the p rob lem of 
antimicrobial drug resistance. 

A modified RIM IPLC (reduction ofcxtraction solvent 
volume) was employed to compare the bioavailability of 
three multi-sourccd co-trimoxazole tablets [5,6]. The 
brands were coded as Cs, innovator 's product; Cb, a 
product of reputable pharmaceutical company in Nigeria 
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and Cv, an Indian product. All were pre-dctcrmincd to be 
chemically equivalent. The chemical quantities ol I MI* 
and SMZ relative to those of Cs (innovator) were 99.8% 
and 102.4%. 101 .2% and 106 .6% for Cb and Cv 
respectively. The relative bioavailability of Cb or Cv to 
Cs was determined in the urine of healthy Nigerians after 
single oral administration to ascertain interchangeability 
in drug prescription. 

Subjects, materials and methods 
Subjects 
Twelve heal thy Niger ians (3 males and 9 females) 
volunteered to take part in the studies. They were 400 
level students of the Faculty of Pharmacy, University of 
Ibadan, lbadan, Nigeria. Their ages were between 18 and 
29 years (mean 23.9±2.5) and their weight ranged from 45 
to 75 kg (mean 59.4±8.5). All of the subjects were non-
smokers, nor drank of alcohol. None took any medication 
regularly, nor had taken co-trimoxazolc within one month 
prior to the study. The study design received the approval 
of the Ethical Committee of University of Ibadan and 
University College Hospital, Ibadan, Nigeria. 

Drug administration and sample collection 
The volunteers were divided into 3 groups of four. Each 
volunteer in a group took a particular brand of co-
trimoxazole tablets at a particular round of the studies. A 
single oral dose of two tablets equivalent to 800 mg (SMZ) 
and 160mg (TMP) was administered to volunteers in a 
completely randomized balanced crossover manner for 
three consecutive rounds (one week for each round). Such 
design enabled each volunteer to act as his own control. 
The volunteers observed overnight fasts and remained 
fasted for a period of 2 hr after drug administration. No 
other medications or alcohol drinks were taken throughout 
the course of the studies. A wash out period of two days 
based on the half-lives and by comparison of cumulative 
amount excreted versus time plot for IMP or SMZ was 
observed between one round and the other to allow for 
maximum possible elimination of the drug before the next 
treatment. Total volume of urine was collected and noted 
from each volunteer at 24hr in tervals before d rug 
administration to serve as control and 5 consecutive days 
thereafter after dosing. Out of each of the samples. 30ml 
aliquols were set aside, preserved [7) with 0.5 M H,S0 4 

and kept frozen at about -10"C until analyzed. The 
extracted samples were subsequently transported frozen 
from the Faculty of Pharmacy, University of Ibadan to 
Roche (Nig) Ltd., Lagos. Nigeria for the I1PLC analysis of 
TMP and SMZ. The total storage time was less than 2 
months. 

General experimental procedure 
Roche Nig. Ltd., Lagos, Nigeria, supplied Trimethoprim, 
sulphamethoxazolc and sulphadoxine. Chloroform (Fisher 
Chem Alert, USA); acctonitrilc (Sigma-AIdrich, England); 
tricthylammonium (Fisons Pic, England) and glacial acetic 
acid, sulphuric acid, hydrochloric acid, methanol, ethyl-
ace ta te , p o t a s s i u m p h o s p h a t e m o n o b a s i c , sod ium 
phosphate dibasic (all BDII Chemicals, Ltd., England) were 
utilized in the study. 

Chromatographic conditions 
The high performance liquid chromatography (HPLC) 
instrument used was a Waters Model 486 UV detector 
operated at 289 nm wavelength and sensitivity of 0.16 
aid's. This was coupled to a Waters 510 pump operated at 
1 mL.min 1 How rate and 2500 psi operating pressure; load/ 
injection point of Rheodyne 77251 fitted with 20 jiL loop 
and Waters 746 Data module recorder. The column was a 
stainless steel Nucleosil 100 C I 8 , 7 fim, 250x4.0 mm 
(Macherey-Nogcl AG) and the guard column: spheri-10-
RP18,10f.im, 30x4.6 mm (Brownlee-Guard). The degassed 
vacuum filtered mobile phase was isocratic, made up of a 
mixture of tr icthylammonium acetate buffer (pH 4.4), 
methanol (IIPLC grade), and acetonitrile (HPLC grade) in 
the ratio 75:20:5 respectively. The internal standard was 
sulphadoxine, IS-SDX. 

Extraction procedure 
To 1 mL of urine (as ° aqueous dilution) in a 12 mL glass 
extraction tube was added 3mL of phoshatc buffer (0.2M, 
pH 6.2) and 6 mL ex t rac t ion solvent (ch loroform-
ethylacetate, 75:25). The stoppered tube was vortex mixed 
for I minute and centrifuged at 3000 r.p.m. for 10 minutes. 
Then, 5 mL of the chloroform phase were transferred into 
another and evaporated to dryness under nitrogen at 50" 
C. The residue was reconstituted in 200 j.iL of mobile 
phase. After mixing for 20 seconds on a vortex mixer, 20 
f.iL were injected into the column. 

Recovery 
The percentage recovery was determined by comparing 
the peak-ARE (amount remaining to be excreted) ratios of 
the extracted drugs with those obtained by direct injection 
of the same concentrat ions of the drugs. Three different 
c o n c e n t r a t i o n s w e r e used to de t e rmine percentage 
recovery for each drug component viz: for TMP 1.5 and 
20 j.tg/mL were used while 2, 50, and 150 |ig/mL were 
utilized for SMZ. The limit of detection was calculated 
mathemat ica l ly by es t imat ing the concentration that 
corresponds to the noise/peak ratio of three standard 
deviations of the blank sample. 
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Specificity and retention times 
The specificity of the analytical procedure was determined 
by injecting reference samples of TMP, SMZ and SDX 
(internal standard) individually, leading to retention time 
determination; and collectively, showing the degree of 
specificity of the method. 

Data analysis 
The concentration data obtained were analyzed assuming 
a one-compartment open model. ARE versus time plot 
(Sigma minus plot) was used to estimate the amount 
excreted at infinity and this parameter was utilized to 
compare the bioavailabilities of the tablet formulations. 
The biological half-life of the drug was calculated from 
sigma minus plot on semi-log paper, while elimination rate 
constant was determined from the slope of the curve. 
Relative bioavailability was estimated using the ratio of 
amount of drug excreted at infinity for the test drugs to 
the innovator's product. Statistical analysis was applied 
to the bioavailability parameter using student 's t-tcst and 
Analysis of Variance (ANOVA) accepting P- 0.05 as 
significant. ^ 
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Hg. I: l l l ' U c luoma tog rams of (A) blank n u n c extract and (U) 
v o l u n t e e r s u r i n e c x t r u c l e o r r c s p o n d i n g to 2 1 8 n g / m L 
s u l p h a m e t h o x a z o l c ( S M Z ) and 100 n g / m L in terna l s t a n d a r d -
sulphadoxine ( I S - S D X ) wi th re tent ion t imes of 8 .36. 13.09 and 
15.22 min. respect ively . 

Results 
From the results, the pulse rates ranged from 64/min to 
88/min (mean 76±10.5), blood pressure was between 90/ 
60 and 120/70mm/Hg (mean 108.2±2.3/65.5±2.3). Fig. 1 
shows the resultant HPLC chromatograms of the drug 
components in blank and test urine for the unchanged 
parent drugs (TMP and SMZ) as well as the IS-SDX. The 
retention times were 8.36 min (TMP), 13.09 min (SMZ), 
and 15.22 min (IS-SDX) eluting in that order. The limits of 
detection were 76.2ng/mL (TMP) and 61.9 ng/mL (SMZ) 
at 0.16 aufs. 

The recoveries of the active components were 89.4% 
(TMP) and 87.9% (SMZ). The calibration curves for both 
drugs in urine were linear and of the order 1.0000 (Fig. 2a) 
and 0.9998 (Fig.2b) for TMP and SMZ respectively. An 
asymptotic graph was obtained on plotting the cumulative 

C o n c e n t r a t i o n ( | x g / m L ) 

Fig. 2b : Calibration curve lor su lphamethoxa /o lc 

amount excreted versus time for both trimethoprim (Fig.3a) 
and sulphamcthoxazolc (Fig. 3b). The half-lives (t") for 
TMP in Cs, Cb and Cv were 16.8, 19.2, 18.0 hr., and SMZ 
12.0,11.0 and 12.0 hr. respectively. Similarly, the values of 
the elimination rate constant, Kel were 0.0420,0.0363 and 
0.0390 hr1 for TMP, while those for SMZ were 0.0583, 
0.00612 and 0.0561 hr1 . Bioavailability values relative to 
those o f C s of TMP and SMZ were 104.2% and 106.8%; 
114.8% and 111.4% for Cb and Cv respectively. At 95% 
confidence limit, statistical analysis showed that the 
difference in values among the tablet formulations was 
not statistically significant (P>0.05). 

Fig. 3a : Comparison of cumulat ive amount 

plot for trimethoprim in Cs, Cb and Cv. 

Concentration (pfl/mL.) 

l iu. 2a : ( .ilihtation curve l«»i t i ime thopnm 
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Mr. 3b: Comparison of cumulative amount excrelcd versus time 
plot tor sulphamcthoxazolc in Cs, Cb and Cv. 

Discussion 
The resultant HPLC chromatograms (Fig.l) of the drug 
components in blank and test urine extracts demonstrated 
that the unchanged parent drugs (TMP and SMZ) as well 
as the IS-SDX showed good baseline resolution and 
separation. 

Randomized cross-over design was observed to 
eliminate inter-subject variations as much as possible and 
also to make each subject stand as his own control [8]. 
Urine samples were used for analysis because the 
volunteers more readily gave them. Urine was the major 
route of elimination of the drugs. Plasma concentration 
determination was not carried out because the volunteers 
refused to give blood samples due to many mysteries 
(taboo) attached to blood donation and handling in Africa. 
The volunteers did not produce enough volume of saliva 
for analytical handling in order to correlate with urinary 
analysis. The urine integrity was maintained by preserving 
with 0.5M H2S04 [7] in order to prevent degradation due 
to loss of carbon dioxide, which could increase the 
alkalinity of the urine and finally resulting in the 
precipitation of in organic phosphates. 

The HPLC method of analysis used was simple and 
effective for the simultaneous determination of both TMP 
and SMZ contents of the combination drug product. The 
adapted method of analysis as described previously [5,6] 
was used with sulphadoxine as internal standard to ensure 
good resolution of peaks. An asymptotic graph obtained 
from the cumulative amount excreted versus time for both 
drugs signified as described previously [9] that the two 
days wash-out period allowed for maximum possible 
elimination of the drugs before the next treatment seemed 
adequate. 

The mean percentages of the dose excreted of SMZ 
after 48hr were 14%, 16% and 15% for Cs, Cb and Cv 

respectively as against 18%, 31% and 3.4% obtained 
previously [9]. Similarly, TMP excreted from the three 
brands administered after 48 hr. were 35%, 35% and 37% 
respectively against 24.4% and 50-60% as described 
previously [5,8,10]. The f for TMP and SMZ ranged 
from 16.8 to 19.2 hr. and 11 to 12 hr. (lag time included) for 
the various brands against 11-17 hr. and 9-12 hr. [8] 
respectively. All these variat ions could be due to 
difference in the analytical handling of procedures and 
individual rate of metabolism. Black Africans have been 
found to be slow metabolizers of the drug [11], also 
volunteers were encouraged to "force fluids" in order to 
improve urine collection and minimize variation [ 12). This 
was reflected in the percentage of intact drug excreted by 
volunteers. 

Statistical analysis employing s tudent^- t - tes t and 
Analysis of Variance (ANOVA) at 95% confidence limit 
showed that the difference in values among the tablet 
formulations were not statistically significant. Therefore , 
the multi-sourccd co-trimoxazole tablets may still be 
interchanged during prescription and dispensing. T h e 
results have provided scientific justification to some multi-
national pharmaceutical companies dealing exclus ively 
with brand name products, sometimes having subsidiary 
firms, which manufacture drugs using the s a m e r a w 
materials and processes, but sell them only by gener ic 
names [13]. 
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