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Garcinia kola seed is a commonly used social masticatory agent in Africa and is believed to possess 
many useful medicinal properties. The effect of the seed of G. kola Heckel on the salivary 
pharmacokinetics of ofloxacin was studied in healthy human volunteers. In a 2-way crossover design, 
ten healthy human volunteer received oral dose of 200 mg ofloxacin and saliva samples were collected 
and analyzed (previous studies have established good correlation between the saliva and serum 
pharmacokinetics of ofloxacin). After a 2-week washout period, the volunteers again received 200 mg 
ofloxacin in addition to G. kola seeds, and saliva samples were collected and analyzed. The 
pharmacokinetic studies showed that ingestion of G. kola altered ofloxacin pharmacokinetics since it 
caused significant reductions in Cmax (6.85 to 5.14 �g/ml), AUC (64.65 to 50.02 �g/h/ml) and Ka (2.53 to 
1.58/h) while there was a significant increase in CLT (69.29 to 86.35 ml/min). A non-significant reduction 
and increment was recorded for T1/2 (1.21 to 0.98 h) and Tmax (1.2 to 1.7 h) respectively. These data show 
that G. kola impairs the bioavailability of ofloxacin by a possible chelate formation between ofloxacin 
and flavonoid constituents of G. kola seed and by a reduction in the gastric emptying rate.  
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INTRODUCTION 
 
Ofloxacin is a fluorinated 4-quinolone carboxylic acid 
derivative that is readily absorbed in the gastrointestinal 
tract (Wise et al., 1986; Fu et al, 1992). The drug, like 
most fluoroquinolones, is active against a wide spectrum 
of Gram-negative and Gram-positive bacteria. Clinical 
efficacy of ofloxacin has been documented in patients 
with respiratory tract infections, upper and lower urinary 
tract infections, skin and soft tissue infections, gonococ- 
cal and non-gonococcal urethritis (Guay et al., 1992). It 
has been found to particularly inhibit the growth of Myco- 
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bacterium tuberculosis, the causative organism of lung 
tuberculosis resistant to isoniazid and rifampicin (Tsuka-
mura, 1985; Kucer and Bennet, 1989) 

The in vivo efficacy of all drugs is dependent on their 
bioavailability. For orally administered dosage forms, 
drug dissolution and/or absorption is a critical deter-
minant and this is usually influenced by pH, gastric emp-
tying rate and exogenous substances present in the gut, 
among other factors (Labaune, 1989; Proudfoot, 1999). 
Food-drug interactions generally account for several the-
rapeutic failures of some antibiotics and non-antibiotic 
drugs (Welling, 1984; Mustafa and Yakasai, 1986; Karee 
and Okhamafe, 1991; Nwafor et al., 2003). 

Mustapha  and  Yakassai  (1986)  earlier  reported that  



 
 
 
 
 
Pamarindus indica (the major constituent of a local drink 
commonly consumed in the Northern part of Nigeria) sig-
nificantly reduced the bioavailability of aspirin in healthy 
human volunteers. Recently, Nwafor et al (2003) showed 
that the bioavailability of ciprofloxacin in rabbits is signi-
ficantly reduced when administered concomitantly with 
the pulp of unripe plantain (Musa paradisiaca). Interac-
tion between food and ampicillin has been shown to 
reduce their systemic availability by lowering gastric pH 
and delaying gastric emptying time (Welling, 1984). Oflo-
xacin, like other fluoroquinolones undergo pharmaco-
kinetic interaction with exogenous materials such as 
polyvalent cations from antacids and dairy food (Shiba et 
al., 1982; Akerele and Okhamafe, 1991; Kivisto et al., 
1992) which lead to a reduction in their bioavailability. 

G. kola seed, known in commerce as “bitter cola” is 
popular in African traditional medicine, where it is usually 
used to treat throat infections, cough and stomach upset 
(Hussain et al., 1982; Iwu and Igboko, 1986; Igoko, 1986; 
Middleton and Kandaswani, 1991; Iwu, 1999; Meserole, 
1999). Recently, its applicability as an adaptogen (reju-
venating, stimulating and/or anti-stress agent) has been 
reported (Iwu, 1999; Esimone et al, 2007). In this res-
pect, the seed, which is edible, has been shown to help 
organisms to adapt to stress by influencing multiple regu-
latory systems responsible for stimulus-response coup-
ling such as the immune system (Iwu, 1999; Meserole, 
1999; Esimone et al., 2007). Bitter cola seeds have been 
shown to contain a complex mixture of biflavonoids, pre-
nylated benzophenones and xanthones which account 
for the majority of its effect (Hussain et al., 1982; Iwu and 
Igboko, 1986; Igoko, 1986). These effects include anti-
viral, anti-inflammatory, antidiabetic, bronchodilator and 
antihepatotoxic properties. Some proprietary dietary sup-
plements containing G. kola extractives already exist in 
US and African markets (Iwu, 1999, Meserole, 1999). 

In Nigeria, it is chewed habitually for social reasons, for 
oral hygiene and as a masticatory agent (Meserole, 
1999). Our observation in most parts of Nigeria is that 
sometimes, patients on antibiotic therapy also chew bitter 
cola habitually or because of its traditionally acclaimed 
anti-infective properties. We have recently demonstrated 
that the bioavailability of ciprofloxacin in rabbit is signi-
ficantly reduced by concurrent administration of G. kola 
seed (Esimone et al., 2002a) and that due to extensive 
adsorption of ciprofloxacin by G. kola; the latter could be 
used as an alternative antidote against ciprofloxacin poi-
soning (Esimone et al., 2002b). In an attempt to extend 
such a study in humans, we have chosen another 4-fluo-
roquinolones, ofloxacin, whose salivary pharmacokine-
tics has been previously established to correlate well with 
the serum pharmacokinetics (Okhamafe et al., 1996). It 
is therefore the objective of this study to evaluate the 
possible effect of such concomitant ingestion of G.kola 
seed and ofloxacin on the bioavailability of ofloxacin in 
humans. 
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MATERIALS AND METHODS 
 
Ten healthy male volunteers, aged between 20 - 30 years and with 
mean body weight of 63.3 ± 4.02 kg, provided informed consent for 
the study which was approved by our institution’s ethical commit-
tee. They were non-smokers and did not ingest any medicine, alco-
hol/alcoholic beverages in the preceding fortnight and throughout 
the duration of the study. The volunteers fasted from midnight of 
the night preceding dosing until 4 h post dosing of the drug, ofloxa-
cin (Tarivid® - Hoechst Nigeria PLC). In a two-way crossover desi-
gn, the volunteers received 200 mg ofloxacin tablet with 180 ml of 
distilled water, and after two weeks washout period, the subjects 
received two seeds of G. kola each 30 min before the 200 mg oflo-
xacin tablet with the same quantity of water. The G. kola seeds with 
weight range of 2.5 - 3.3 g were purchased from local market in 
Nsukka, Nigeria. From each of the volunteers, and in each case, 
saliva samples were collected in clean test tubes at 0.5, 1.0, 2.0, 
3.0, 4.0, 5.0 and 24.0 h period. The samples were stored in the 
freezer until analyzed.  

Blank saliva were first collected from volunteers, centrifuged at 
3000 x g for 20 min and the supernatant diluted with distilled water 
and used to prepare standard samples of ofloxacin containing 
0.625, 1.25, 2.50, 5.00 and 10.00 mg/l. The absorbances were det-
ermined with UV-spectrophotometer at 283 nm. The concentrations 
of ofloxacin in saliva samples when administered alone and con-
currently with G. kola seeds were determined from the calibrated 
curve. The area under saliva drug concentration versus time curve 
was calculated using a linear trapezoidal estimation.  
 
 
Analysis of data 
 
In analyzing the data, it was assumed that ofloxacin elimination fol-
lowed first-order kinetic at all concentrations encountered. Results 
were expressed as mean ± standard error of mean. The signifi-
cance of the difference between means of data collected when 
ofloxacin was given alone and when it was given concurrently with 
G. kola seed was determined using the Student’s t test and results 
were regarded as significant at P<0.05. 
 
 

RESULTS AND DISCUSSION 
 
The effect of G. kola seed (GKS) on ofloxacin (OFX) 
pharmacokinetic in the healthy human volunteers is 
shown in Table 1. From the results, it appears that the 
average bioavailability of OFX was significantly reduced 
when it was concurrently administered with GKS. The 
area under the saliva concentration-time curve (AUC), 
the maximum salivary concentration (Cmax) and the ab-
sorption constant of ofloxacin were significantly decrea-
sed (P<0.05) when the volunteers ingested the GKS. 
This impairment in bioavailability could be attributed to 
two factors. In the first instance, GKS has been reported 
to reduce gastric motility (Igboko, 1986). Ofloxacin, like 
all fluoroquinolones, is favorably absorbed in the small 
intestine; therefore, its absorption will be directly affected 
by gastric emptying rate (Proudfoot, 1999). This asser-
tion is clearly highlighted by the significant reduction in 
absorption rate of OFX in the presence of GKS (2.53 to 
1.58 h-1). Moreover, conventionally, ofloxacin tablet is 
usually film-coated in order to shield it from the very low 
gastric pH, which could possibly lead to degradation of
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Table 1.  Pharmacokinetic parameters of ofloxacin alone and with G. kola. 
 
Parameter Subjects on ofloxacin and G. kola Subjects on ofloxacin alone 
Cmax (µg/ml) 5.14 ± 2.57 6.85 ± 3.43 
Tmax (h) 1.70 ± 1.40 1.20 ± 0.45 
T1/2(h) 0.98 ± 0.32 1.21 ± 0.50 
Ka (h-1) 1.58 ± 0.77 2.53 ± 1.29 
AUC0-24h(µg /h/ml) 50.02 ± 24.97 64.65 ± 40.50 
Total salivary clearance Cs (ml/min) 86.34 ± 50.59 69.29 ± 44.65 

 
 
 
the drug. Thus, long gastric resident time is not very 
desirable for favorable bioavailability of ofloxacin.  

Secondly, the impaired absorption of OFX could be as 
a result of chemical interaction between OFX and the 
chemical constituents of GKS. GKS consist mainly of fla-
vonoids (Iwu and Igboko, 1986; Igoko, 1986). Flavonoids 
are known to possess certain functional groups (such as 
C=O, C=C, etc), which aid them in forming various inter-
molecular complexes with a variety of compounds. They 
form chelates, possess anti-oxidant properties and affect 
cellular protein phosphorylation (Middleton and Kandas-
wami, 1991). Our previous studies have also revealed 
that GKS contains metallic ions like aluminum, magne-
sium, calcium and copper (Esimone et al., 2003), which 
are known to form unabsorbable complexes with fluoro-
quinolones (Shiba et al., 1982; Akerele and Okhamafe, 
1991; Kivisto et al., 1992; Esimone et al., 2002). Such 
complex (chelate) formation is usually very stable and 
involves the 3-carboxyl- and 4-oxo substituents of cipro-
floxacin or the 4-oxo substituents of ofloxacin (Shiba et 
al., 1982). The complexed form of the drug is usually 
unabsorbable, with the result that the maximum amount 
of drug absorbed (Cmax) and the total (cumulative) quan-
tity of drug absorbed (AUC) will be reduced when the 
drug is complexed. This is particularly true for stable drug 
complexes. Therefore, the significant reduction in Cmax 
and AUC of OFX in the presence of GKS suggests a 
possible complex formation between ofloxacin and the 
constituents of GKS especially in the light of the fact that 
the major constituents of GKS (flavonoids and metallic 
ions) are known to form molecular complexes with a wide 
variety of agents, including fluoroquinolones. Moreover, 
our previous in vitro studies (Esimone et al., 2003) fur-
ther revealed that this herb-drug interaction between 
ofloxacin and GKS could have some pronounced phar-
macodynamic influence because it was observed that the 
antimicrobial activity (in vitro pharmacodynamic effect) of 
ofloxacin is significantly reduced in the presence of GKS 
extracts.  

Even though there was a non-significant decrease in 
half-life (T1/2), the significant increase in total clearance 
(CT) suggests an increase in OFX metabolism in the pre-
sence of GKS. Since flavonoids have been shown to 
activate and induce the synthesis of the primary enzyme 

systems that are involved in the metabolism of various 
drugs and xenobiotics (Middleton and Kandaswami, 
1991), it is possible that activation/inducement of liver 
metabolism enzymes is involved in the rapid elimination 
of OFX in the presence of GKS. 

The observed reduced bioavailability of ofloxacin when 
taken concomitantly with G. kola seed has some thera-
peutic implications especially when treating infections 
caused by slightly sensitive (moderately resistant) strains 
of bacteria. For such bacteria strains, the MIC of ofloxa-
cin may slightly exceed 5.0µg/ml which is just about the 
maximum concentration ofloxacin achieved (Cmax) in the 
presence of G. kola. This could result in microbial survi-
val, spread of resistance and hence therapeutic failure. 
 
 
Conclusion  
 
Our results indicate that G. kola seeds exhibited signi-
ficant pharmacokinetic interaction with ofloxacin, which 
results in reduced bioavailability of the drug. It is there-
fore advisable that patients on ofloxacin antibiotic should 
abstain from consuming G. kola seed concomitantly. 
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