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INTRODUCTION 

Secondary peaks in drug plasma profiles are frequently attributed to 
gallbladder-sequestered drug being emptied into and reabsorbed from the 
gastrointestinal tract. Since a number of drugs are enterohepatically 
an understanding of the functioning of the enterohepatic recirculation system 
and, in particular, the gallbladder may be helpful in defining the 
pharmacokinetics of a drug. The gallbladder and its duct are enervated by 
the autonomic nervous system. Cholinergic impulses contract the gallbladder 
to cause bile to be dumped into the duodenum, while the adrenergic impulses 
relax this system to cause filling of the gallbladder. Cholecystokinin is a 
duodenal-jejunal hormone which exerts a prominent role on gallbladder motor 
functioning by simultaneously stimulating gallbladder contraction and relaxing 
the sphincter of Oddi. A variety of methods have been employed to study the 
functioning of gallbladder emptying due to neuronal stimuli caused by food 
ingestion. These methods all indicate that gallbladder emptying occurs after 
food ingestion and include direct measurement of plasma bile acids4 which are 
highly enterohepatically recycled, indocyanine green marker s t ~ d i e s , ~  and 
ultrasonography.6 General physiology texts7 and specialized texts8 also indicate 
that gallbladder emptying occurs after the start of a meal. 

The effect of food on enterohepatic recirculation is reported here using 
piroxicam plasma concentration-time profiles. Indirect evidence from previous 
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investigations indicates that piroxicam is enterohepatically recycled. For 
example, rabbits exhibit double-peak piroxicam plasma profiles after 
intraveneous piroxicam admini~tration.~ In humans, piroxicam clearance is 
markedly enhanced when either cholestyraminelo-l2 or charcoallo is 
administered. For a drug such as piroxicam which is suspected to be 
enterohepatically recycled, secondary plasma peaks of piroxicam were 
expected to occur after the start of a meal. The results presented here show 
evidence of enterohepatic recycling occurring prior to meal ingestion. 

METHODS 

The principal objective of this study was to determine the effect of formulation 
change on oral bioavailability among four piroxicam capsule  formulation^.^^ A 
randomized, four-way, single-dose crossover bioavailability study was 
conducted in 16 healthy male and female volunteers. Prior to the study, each 
subject signed an informed consent and knew the time when lunch and dinner 
were to be served. The evening prior to each dosing day, the subjects began a 
fast except for water at 1O:OO pm. The next morning, at approximately 6:OO am, 
the subjects reported to the clinical facility and received 120 mL water. Subjects 
received their doses (each a 20 mg piroxicam capsule) at 1 min intervals 
beginning at  6:51 am. All doses were administered with 240mL room- 
temperature water. Two hours after dosing, each subject received an 
additional 120mL water. No food was allowed until a standard lunch was 
served 5 h after dosing. A standard dinner was served 10 h after dosing. Venous 
blood samples were obtained just prior to the dose and 0.33, 0.67, 1, 1.5, 2 ,  2.5, 
3,  4, 5, 6,  8, 10, 12, 25, 49, 73, 121, 145, and 169 h after each dose. All samples 
were assayed for piroxicam by an HPLC assay with acceptable linearity, 
accuracy, precision, and sensitivity. Intra-day precision, assessed by calculating 
the relative standard deviation (RSD), was between 0.6 and 5 7 %  at 
5mcgmL-' and between 1.3 and 2 6 %  at 1 mcgmL-*. 

Counting of piroxicam primary and secondary plasma peaks was performed 
at  each sample time to examine the temporal relation between eating and the 
disposition of an enterohepatically recycled drug. Since piroxicam is slowly 
eliminated relative to the plasma sample collection intervals, secondary peaks 
which could be likely attributed to HPLC assay error were screened out by 
applying the following conservative definition of a peak: a piroxicam plasma 
concentration which is greater than both the preceding and the subsequent 
piroxicam plasma concentration and is 10% greater than the preceding trough 
in the plasma concentration-time curve. Ten per cent was selected since it is 
about twice the intra-day RSD in the relevant concentration range. 

In addition to counting plasma concentration-time profile peaks, an 
alternative means to examine the temporal relation between eating and the 
disposition of an enterohepatically recycled drug was employed. At each 
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plasma sample time, the directional change (i.e. increase or decrease) in the 
drug plasma profile relative to the immediately prior sample time was noted by 
counting, for each plasma sample time, the number of declines in the plasma 
profile. The frequency in reduction of piroxicam plasma concentration was 
subjected to the x2 test of independence, with the intent to test the hypothesis 
that the expectation of eating food within the next 2 h had no effect on the 
direction of the plasma piroxicam concentration. Four hundred and forty-eight 
data were evaluated. These data were from the 3-12 h plasma samples from 16 
volunteers who each received the four piroxicam formulations. Each datum 
contributed to the x2 table after considering whether the sample was obtained 
in a volunteer expecting food or not expecting food. Blood samples within 2 h 
prior to eating either lunch or dinner (i.e. the 3, 4, 5, 8, and 10 h samples) were 
considered to be data obtained in a volunteer expecting food. Blood samples 
within 2 h after eating either lunch or dinner (i.e. the 6 and 12 h samples) were 
considered to be data obtained in a volunteer not expecting food. 

RESULTS AND DISCUSSION 

Piroxicam plasma concentrations from this study implicate piroxicam to be 
highly enterohepatically recycled. Figure 1 illustrates a typical piroxicam 
plasma concentration-time curve and supports piroxicam being 
enterohepatically recycled. Multiple plasma peaks occurred in 83 YO of the 
total doses, independent of subject and formulation. Only 55% of the observed 
C,,, values were the first peak. Double and triple peaks were most common, 
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Figure 1. A piroxicam plasma concentration-time profile for subject 10 after Feldene 
administration. As defined here, this profile shows two peaks, one at 1.5 h and one at 10 h. The 
points at 3 and 5 h  do not meet the definition applied here for a peak. Note that lmaX occurs at 10h 
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occurring 50 and 28% of the time, respectively. In subjects exhibiting two 
peaks, the second peak was usually (63% of the time) at 10h. In subjects 
exhibiting three peaks, the second and third peaks were usually at 5 h (50%) 
and 10 h (78%). These additional peaks at 5 and 10 h are present immediately 
before the start of lunch and dinner, respectively. 

The directional change (i.e. increase or decrease) in the drug plasma profile 
was noted by counting, for each plasma sample time, the number of declines in 
the plasma profile. Table 1 notes the count and percent frequency of a 
reduction in the piroxicam plasma concentration at each sample time, 
compared to the immediately preceding sample time. A drug not exhibiting 
enterohepatic recirculation would be expected to consistently show a large 
number of reductions (i.e. about a 100% frequency) in the plasma 
concentration after primary absorption. Generally for piroxicam, during the 
2 h prior to lunch and dinner feeding, there was a small frequency of the plasma 
levels dropping (i.e. plasma levels tended to increase before lunch and dinner). 
Most notably, at 5 and 10 h after piroxicam dosing, which correspond to the 
blood draws immediately prior to lunch and dinner, only 39 and 19% of the 
profiles showed a reduction in piroxicam plasma level, relative to the 
preceding plasma sample, respectively. In contrast to these increases in 
piroxicam plasma concentrations prior to eating, plasma levels tended to 
drop after a meal. At 6 and 12 h following dosing, 92 and 77% of the profiles 
showed a reduction in piroxicam concentration relative to the pre-lunch or 
pre-dinner concentration. 

Table 1. The frequency of reduction in piroxicam plasma 
concentration from the previous time point 

Time point (h) 
~ 

Count (%) 

0.33 
0.67 
1 
1.5 
2 
2.5 
3 
4 
5 
6 
8 

10 
12 
25 

0 (0) 
0 (0) 
3 (4.7) 

34 (53) 

35 (55)” 

25 (39) 
33 (52) 

44 (69) 

25 (39) 
59 (92)” 
14 (22)“ 
12 (19)” 

63 (98)” 
49 (77)a 

“Includes one count where the piroxicam plasma concentration was 
unchanged. 
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Table 2. x2 data: direction of piroxicam concentration change compared with the 
anticipation of eating. Each entry indicates the number of plasma samples where the 
piroxicam concentration increased or decreased, depending on whether the subjects 

were expecting food or not expecting food 

Expecting food" Not expecting food 
~ ~ ~ ~ ~ 

Increased plasma piroxicam concentration 190 
Decreased plasma piroxicam concentration 130 

20 
108 

"Since meals were given at 5 and 10h, subjects were deemed to be expecting food during plasma 
sampling at 3, 4, 5, 8, and 10 h (i.e. within 2 h before eating). Subjects were deemed not to be 
expecting food during plasma sampling at 6 and 12 h (i.e. within 2 h after eating). 

The x2 analysis for the frequency of reduction in plasma (Table 2) indicates 
that the expectation of eating food within the next 2 h had an effect on the 
direction of the plasma piroxicam concentration ( p  << 0.005). From Table 2, 
piroxicam plasma levels tended to rise during the 2 h before meals and decline 
soon after eating. Most surprisingly, when volunteers were expecting to eat, 
plasma piroxicam concentration usually increased; plasma piroxicam 
concentrations decreased in only 130 cases, while they had increased on 190 
occasions. This dependence of directional change in piroxicam plasma 
concentration on the time relative to lunch and dinner suggests that the 
anticipation of eating is an important component of enterohepatic 
recirculation dynamics and can impact pharmacokinetic behavior. 

Studies designed to elucidate the effect of anticipated eating on the 
enterohepatic recirculation system are encouraged and needed for a clear, 
unspeculative understanding of any 'Pavlovian' effectsL4 on the 
pharmacokinetics of recycled drugs. In his well known study,14 Pavlov 
showed that dogs salivate after hearing a ringing bell, which they had been 
previously trained to associate with a soon-to-be-served meal. Although the 
methods employed here were conducted for the purpose of a bioavailability 
study and did not control or directly measure gallbladder motor activity, these 
results may contradict previous investigations which found gallbladder 
emptying to occur only after food ingestion. Assuming that drug in the 
gallbladder is not released until the start of a meal, one explanation for 
secondary piroxicam peaks prior to eating is that the secretion of piroxicam 
directly from the liver into the duodenum accelerated as meal times 
approached. Alternatively, in apparent disagreement with previous 
investigations, contents of the gallbladder may be released prior to the start 
of a meal. If this is the case, monitoring plasma piroxicam concentrations may 
be a more sensitive and time-responsive technique than are the other methods 
to monitor gallbladder emptying (i.e. measurement of plasma bile acids, 
indocyanine green marker studies, and ultrasonography). Piroxicam's high 
permeability to the human duodenum and jejunum15 supports this possibility. 
The relatively low permeability of many bile acids to the upper small 
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intestineI6>I7 and the fact that most bile acids are not absorbed until the ileum 
where an active transport system is needed’* further support this possibility 
that plasma monitoring of piroxicam may be a more sensitive and time- 
responsive technique than, at least, plasma monitoring of bile acids to measure 
gallbladder emptying. 

A separate or additional reason why these results differ from previous 
investigations may be due to the design of this study. In this study, subjects 
were very conscious of meal times. Eating and the content of lunch and dinner 
were topics of discussion among the subjects, particularly since this study 
required subjects to fast from 1O:OO pm the previous evening until the standard 
lunch at about noon and between lunch until dinner 5 h later. Also, subjects 
remained at the clinical site and generally did not engage in their normal daily 
activities but instead ‘waited’ for the day to pass. Perhaps a ‘Pavlovian’ food 
effect occurred here, yet not in previous studies, since these subjects were placed 
into a situation promoting pre-meal gallbladder emptying: a ‘waiting’ 
environment where food is a common topic of discussion, meal times are 
known in advance, and only two meals are administered over a 19 h time frame. 

In conclusion, piroxicam plasma profiles show evidence of gallbladder 
emptying occurring prior to meal ingestion. Studies designed to elucidate the 
effect of anticipated eating on the enterohepatic recirculation system are 
encouraged and needed for a clear, unspeculative understanding of any 
‘Pavlovian’ effects on the pharmacokinetics of recycled drugs. 
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