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The effect of high and low fat meals on the absorption 
of rifampicin from the gastrointestinal tract in volunteer subjects 

Abstract 

A combination of gamma scintigraphy and pharmacokinctic analysis has been used to imatigatc whcthcr the 

variable effect of food on bioavailnhility of rifampicin could bc attributed to lymphatic ahsorption. or to alteration of 

the gastrointestinal transit time of the drug. Se\*en healthy subjects participated in the study and wcrc given ;I 
UU”‘Tc-labcllcd meal and two ril’ampicin capsulca containing “‘In-l~ibcllcd resin and the gastrointestinal transit 01‘ 

both labels was mcasurcd. Rifampicin levels wcrc measured in plasma by HP1.C‘. Incrcaing the fat content of the 

meal did not alter the gastric emptying of the meal or the resin (7&, emptying = 2.09 h IOU. fat meal. .5.X3 h high fat 

meal: ‘ri,, = 3.14 h rain low fat meal. 2.70 h high fat meal), but it did significantly delay the time l’or the meal to 

reach the colon CT,,, arrival = 9.1 I h low l’at meal. 1O.W h high fat meal). Surprisingly, it did not al’l‘cct the arrival 

time of the co-administcrcd indium-labelled resin (7,,, arrival = X.91 h low fat mcal, X.43 h high I’at meal). The 

incrcascd fat prcscnt in the meal did not alter the phurmacokinctic parameters for ril’ampicin. 

Klq, MWT~~S~.): Gamma scintigraphy: Pharmacokinctic analysis: Rifampicin: Bioavailahility 

1. Introduction 

Rifampicin is a semi-synthetic dcrivativc of 
rifamycin B and is well established for the treat- 
ment of tuberculosis. The pharmacokinetics ot 
rifampicin and its interactions with other drugs 
have been widely studied since rifampicin is a 
potent inducer of cytochrome P450. There arc 
conflicting reports in the literature on the cffcct 
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of food on the bioavailahility of rifampicin. Ini- 
tially, Proven and Canetti (1968) reported that 
absorption of rifampicin was not affected by food, 
but subscqucntly several groups reported that 
food decreases rifampicin bioavailability (Binda 
ct al., 1971; Sieglcr ct al.. 1’174: Gill, 1’176; Polasa 
and Krishnaswamamy, 1983). 

Animal studies have suggested that when fats 
and oils are used as vehicles for rifampicin, 
bioavailability is enhanced (Takada et al., 1987). 
There arc a number of possible reasons for this 
effect: rifampicin is poorly water soluble, al- 
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though its aqueous solubility is slightly enhanced 
below pH 6. It has a log P of 2.4, indicating that 
it is quite fat soluble, and hence it was proposed 
that fat in the diet promoted lymphatic absorp- 
tion of the drug; however. this effect has not been 
proven in man. Probucol and ethylene oestradiol 
are known to be absorbed by this route, but these 
materials have a log P in excess of 5. It is also 
possible that fat in the diet promotes enterohep- 
atic recirculation of rifampicin. 

The objective of this study was to investigate 
whether the effect of food on bioavailability could 

bc attributed to the fat content of the meal, and 
hence promotion of lymphatic absorption or en- 
terohepatic recirculation. Alternatively. if the 
bioavailability was independent of the meal com- 
position. the reduction in absorption may be due 
to alteration of the gastrointestinal transit time of 
the drug produced by the meal. This was tested 
by administering rifampicin with either a high 01 
low fat meal in a two-way crossover. and mcasur- 
ing plasma levels; both the rifampicin capsules 

and the meal were radiolabelled to allow thcil 
transit to be studied using gamma scintigraphy. 

2. Materials and methods 

2.1. Prepam lion of rudiolahelled twin 

Each 300 mg capsule of rifampicin was radio- 

labelled with [‘I ’ Inlindium chloride to provide 
activity of 0.5 MBq per capsule at the time ot 

dosing. The [ ” ’ Inlindium chloride was dried onto 

5 mg micronised Amberlite IKP-60 resin (Sigma 
Chemical Co.). The capsules were opened and 

the resin added. 

2.2.1. Low fut meal 
The low fat meal consisted of an omelette 

containing tomato. onion and mushroom, fol- 
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Fig. I Mean interpolated gastric emptying and colon arrival times for a low fat meal Cc) and radiolahellcd resin (m) 



lowed by bread and honey, apple pie, stewed 
apple and sultanas, decaffeinated coffee and plain 
biscuits. This produced a total calorific value of 
999 kcal (4098 kJ), with a nutritional breakdown 
of 29 g protein (11.6%), 32 g fat (28.4%) and 1SY 
g carbohydrate (60%). 

2.2.2. High fat meal 
The high fat meal consisted of an omelette 

containing tomato, onion, mushroom, and cheese 
followed by bread and butter, apple pie and 
cream, and decaffeinated coffee. This produced a 
total calorific value of 1004 kcal (4118 kJ), with a 

nutritional breakdown of 32 g protein (12.4%), 74 
g fat (66.3%) and 57 g carbohydrate (21.3%). 

Both the high and low fat meals were radiola- 
belled by inclusion of 3 MBq ‘)9mTc sulphur col- 
loid to the eggs prior to cooking. This method has 
been previously evaluated and provides an accu- 
rate indication of the gastric emptying and transit 
of the test meal using scintigraphic detection 
(Feldman et al., 1984; Washington et al., 1987). 
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2.3. Study population 

Seven healthy volunteers (six male, one fe- 
male), age range 19-23 years, were recruited 
from the University of Nottingham student popu- 
lation. The subjects were screened prior to entry 
to the trial by a physician. Routine haematology 
and clinical chemistry tests were carried out. Ex- 
clusion criteria included weight outside the range 
of + 10% of normal mean weight, consumption of 
medications within the previous 2 weeks, tobacco 
consumption, excessive alcohol intake or partici- 
pation in a similar study within the previous 12 

months. Vegetarians were excluded since this diet 
is known to alter gastrointestinal transit times. 

Female subjects were excluded if there was any 
reason to suspect that they may be pregnant, or if 
they used oral contraceptives. 

The subjects gave written, informed consent 
prior to entry into the trial and they were advised 
that they wcrc free to withdraw from the study at 
any time. Medical cover was available at all times 
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Fig. 2. Mean interpolated gastric emptying and colon arrival times for a high fat meal ( q ) and radiolabelled resin ( n ). 



during the 4tudy. tfthical approval was obtained 

from the Nottingham University Medical School 

Fdhical (‘ommittee and permission to administci 

radioisotopes was obtained from the Department 

of Health. ‘I‘hc et’fectivc radiation dose cquivalcnt 

to each subject for the complete study wa csti- 

mated to tx 0.75 msv. I‘hc study was pertormcd 

in i~ccorclitncc’ with the guidelines of the dcclar-;b 

tion 01‘ I Iclsinki (Venice Amentlments). IWI. 

‘l‘he sut$ects wc1.c t;lsted from 4 p.m. on the 

e\,ening prior to each study day. At 7.45 a.m. on 

the study day ;I prc-study blood snmplc was taken. 

At S.00 a.m. the suhjccts wcrc given either the 

high OI- low fat racliolat~cllcti hrcakfast. I‘hc sub 

jcct4 wc%r’e ranclomly assigned to two trcatmcnt 

gl-oups and the ci-ass-t)vcr study was pcrformcd 

after ;t I ucek washout period. All suhjccts L\CIY 

given two ” ’ In-lahellcd rifampicin capsules with 

50 ml ot’ water immedi:~tcIy after ingestion of the 

~II~;II. Kadioxti\~c ante-rior and posterior marhcry 

enclosed in plastic tape were attached to the 

chest opposite the stomach to allow accurate 

alignment of the sequence of images. Anterio] 

and po\tcrioi- static images of 30 5 duration wcrc 

recorded cvcry I5 min whilst the meal L\;IS in the 

stomach and then cvcry 30 min until the meal 

r-~~~~clicd the colon. ‘l‘hereattcr. imagc5 \cci.c 

rccorded hourl!, until the Ih h post-dose I~looil 

xample. Single anterior and posterior- static in- 

ages wcrc’ recorded at 34 h post-close. 

Blood samplcs (5 ml) U’L’I-c taken at 0 h (pre- 

dose) and then at I. 3. 3. 4. 0. 8, IO. 12 h and 11-I h 

post-dose. Samples were collcctcd cithcr \,i;i an 

indwelling cannula or by xrial vcnipuncture. ‘l‘he 

pla~ia w;14 \cpar;ttcd t‘rom the blood aamplc4 

and stored at 20°C’. Plasma rifanipiciii ;~ss;i\ \ 

WCIC pert‘ormed by HP1.C‘ at the Merrell I)o\r 

Iicsearch Institute. GcrcnLano, Ital! 

The suhjccts wcrc pro\~ideti bvith dccaffein;~tecl 

cc~ffee or fresh orange juice and biscuits at I I .iO 

a.m.: lunch at I .()I) p.m. Lvhich conGstcd of two 

t’illccl rolls. one packet of crisps. 1)icc.e ot‘ fruit OI 

cake. cot’rcc or tea: clccaffcinxted c3\lYcc or Ic‘;I 



and biscuits at 4.00 p.m., and an evening meal at 
7.00 p.m. consisting of steak. chips, peas, cold 
sweet. decaffeinated coffee or tea. 

The gamma camera images were analysed by 
identification of the stomach and the large intes- 
tine. Templates wcrc then constructed referring 
the position of the anterior and posterior markel 
to these organs. Regions of interest (ROIs) were 
then drawn around the stomach and colon on 
each image, allowing gastric residence time and 

COIOJ~ arrival of the marker to bc assessed. Any 
oesophageal adhesion of the rifampicin capsules 

was noted. 
The counts in the stomach and fundus were 

corrected for background counts and decay 01‘ the 
radioisotope. The “‘)“‘Tc counts were also cor- 

rectcd for “‘In overlap into the tcchnctium chan- 
nel. The geometric mean of the activity in the 
regions of interest in the anterior and posterior 
channels was calculated to correct for tissue at- 
tenuation (Hardy and Perkins, 1985). The data 
from the individual subjects were finally intcrpo- 
latcd onto a common time axis in order to calcu- 
late the mean gastric emptying and colon filling 

curves. 
Statistical analysis was performed using a 

Wilcoxon Signed Rank Test. 

3. Kesults 

No adverse effects were reported by the sub- 
jccts, and the labelled capsules were observed to 
disperse throughout the gastric contents within 30 
min. The gastric emptying and colon arrival pro- 
files of the indium-labelled Amberlite resin from 
the capsules and technetium-labelled meal are 
shown in Fig. I for the low fat meal and Fig. ‘2 for 
the high fat meal. The times required for 50% 
emptying from the stomach and 50%~ arrival in 
the colon arc shown in Table 1, togcthcr with 
numeric data for the individual subjects. The 
small intestinal transit time can be estimated by 
taking the differcncc between the 50% emptying 
from the stomach and 50% arrival in the colon 
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values. This was 6. I2 and 8.16 h for the low and 
high fat meals and 5.77 and 5.73 h for the la- 
belled resin, respectively. The dip in the gastric 
emptying profile with the high fat meal at be- 
tween 0 and 2 h is due to oesophageal rctcntion 
of one of the capsules which was observed in 
three subjects. The activity from the lodged cap- 
sules cleared from the oesophagus into the stom- 
ach slowly over a 2 h period. 

There was no significant difference between 
the gastric emptying of the two meals or the dose 
form. as mcasurcd by the r,,, (1, = 0.632 and 
0.189. respectively). The composition of the meal 
also did not affect the gastric emptying of the 
dose form (17 = 0.460, high fat: 03X. low fat). 
Further, there was no significant difference be- 
tween the colon arrival of the two meals, as 
measured by the r,,,, (1) = 0. IS 11, or the arrival of 
the two dose forms (I-, = ().I%), or the meal and 
dose form with low fat meal ( p = 0.81 I ). How- 



ever, there was a significant difference between 
colon arrival of meal and labelled resin for the 
high fat meal ( p = 0.01 1 ). 

The mean plasma curves for both treatment 
groups arc shown in Fig. 3. The plasma concen- 
trations reached a peak after 4 h and the half-lift 
was approx. 6 h. The data show that there is large 
inter-subject variation, and as a consequence thcrc 
was no significant difference between the low and 

high fat meals at any time point. 

1. Discussion 

Fatty acids in the duodenum. especially long 
chain acids, are known to delay gastric emptying. 
However. the number of calories dclivcred to the 
duodenum per unit time is controlled to regulate 
the rate of delivery of acidic thyme delivered to 
the small intcstinc. In this study, the two test 
meals wcrc matched for calorific value and osmo- 
larity and no significant diffcrcncc was observed 
bctwccn their rates of gastric emptying or colon 
filling. This is in agreement with the work of 
Hunt and Stubbs (1075) who reported that gastric 
emptying rates correlate with the nutritive density 
of the meal. i.e., isocaloric concentrations of dif- 
ferent foods leave the stomach at approximately 
equivalent rates. Since the gastric emptying and 
colon arrival rates of the test meals in the prcscnt 
study were identical. any differences in absorp- 
tion of the drug could be attributed to the differ- 
cnt composition of the meals. The high fat meal 
in the present study contained 1.17~ fat w/w. 
which supplied 66% of the total energy of the 
meal, and the low fat meal contained 5%1 fat w/w 
which supplied 29%’ of the total cncrgy of the 
meal. 

An intcrcsting phenomenon observed in this 
study is the effect of fat in the small intestinal 

transit time of the resin and the meal. As the 
meals were matched for calorific value, the small 

intestinal transit time of the meal must have been 
increased in response to the high fat load even 
though the transit of the co-administered resin 
was unaffected. The delivery of both meal and 
resin from the stomach to the small intestine was 
identical and the discrimination of the two labels 

appears to have occurred within the small intes- 
tint. 

The pharmacokinctic values obtained for ri- 
fampicin in this study agree with those quoted in 
the literature for this drug when administered 
after food (Sicgler ct al.. lY74). The mean plasma 
curves obtained for rifampicin when administer-ccl 
after the two test meals were not significantly 
different. This implies that the variability in hloocl 

levels observed by other workers after various 

feeding regimes was not due to lymphatic absorp- 
tion of the drug. even though the drug would bc 
expected to partition into the lipid present in the 
meal. The largest differcncc in bioavailability ap- 
pears to be between the fasting and feeding states, 
in which fasting products clcvated serum levels 
and reduces the time to peak concentration (Sic- 
glcr ct al., 1974: Polasa and Krishnaswamamy. 
lY83). 

A possible explanation for the variable absor-p- 
tion seen for rifampicin after diffcrcnt meals may 
be the alteration of gastric pH produced by the 
food. Pure parietal secretion has an H . conccn- 
tration of 0.15 M which is diluted to between 0.03 
and 0.06 M by non-parietal cell secretion. In OUI 

studies. WC have found the resting pH of healthy 
people to bc around 1.X. but this is incrcascd by a 

meal to between 3 and 5_ and f’oocf with ;I high 
protein content such as milk can raise gastric pH 
to OVCI- 6. Food with ;I high protein content 
stimulates acid sccrction to the grcatcst cxtcnt. 
Rifampicin is more soluble in acid media than 
neutral. and hcncc it is absorbed from fasting 
subjects (Polasa and Krishnaswamamy. I w ). 
Stimulation of acid secretion by histamine ha\ 

been demonstrated to produce plasma concentra- 
tions of rifampicin which arc twice those pro- 
duced if the gastric contents are neutralised with 
sodium bicarbonate (Acocclla. lY70). C‘onsc- 
qucntly pH-controlled dissolution of rifampicin 
may be rate-limiting. Although rifampicin dis- 

solves easily at low pH. it is highly dissociated 
and hence is not rapidly absorbed (Maggi ct al.. 
lY66). The presence of a meal will decrease solu- 
bility of the drug since it will raise pH IO an 
unpredictable degree. which could explain the 
apparently variable effects of food. Fat in food 
has been shown to reduce acid sccrction (Imng 



and Brooks, 196.5). but in general the acid-secret- 
ing response of the stomach to food is known to 
be highly variable between individuals. 

It can be seen by correlating plasma-profiles 
and position of the formulation that the peak 
plasma levels occur when the majority of both 
food and formulation are in the proximal part of 
the small intestine. This also supports the pH 
controlled absorption hypothesis, since the acidic 
chymc from the stomach is neutralised in the 
small intestine by secretions from the pancreas 
and Brunner’s glands, both of which contain bi- 
carbonate. This would give an effective ‘window 
of absorption’ in the upper part of the small 
intestine. There is no detectable colonic absorp- 
tion of the drug, which would have been seen as a 
secondary peak or tail to the plasma concentra- 
tion-time curve. 
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