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Do antidiarrhoeal opiates accumulate in the rat intestinal lumen? 
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Abstract-The opiate antidiarrhoeal drugs loperamide (0.6 mg 
kg-', i.p.) or difenoxin (0.77 mg kg-', s.c.), were administered in an 
anaestheticmixture(pentobarbitone60mg kg-I) to rats. A lengthof 
jejunum (approx. 30 cm) was cannulated, washed and then perfused 
with iso-osmotic saline for 20 min. The perfusion commenced 50 min 
after drug administration and continued for 20 min. The perfusates 
were collected for analysis of fluid transport rates and antidiarrhoeal 
drug content. These doses of the antidiarrhoeals caused marked 
inhibition of intestinal fluid secretion induced by intra-arterial 
infusion of vasoactive intestinal peptide. However, neither of the 
antidiarrhoeal drugs were detected in the intestinal perfusates ( < 0.5 
ng by HPLC). The results indicate that loperamide and difenoxin 
have a different pharmacokinetic profile compared with that 
previously found for morphine under the same conditions. 

Opiates have a wide spectrum of pharmacological effects on the 
mammalian intestine. These include reductions in motility 
(propulsive peristalsis), secretions (pancreatic, biliary and elec- 
trolyte/fluid) and increases in intestinal fluid absorption and 
blood flow (see Brown & Miller 1991). These effects may 
contribute to a desirable antidiarrhoeal action or, under differ- 
ent conditions, to constipation. 

Previous studies have established that morphine accumulates 
in intestinal tissue of rats after intravenous or intraperitoneal 
administration (Bianchi et al 1983) where it  inhibits gastro- 
intestinal transit (Brown et a1 1988). This observation could help 
explain how morphine produces such potent constipating and 
antidiarrhoeal effects. 

The opiates morphine and codeine, and the opiate antidiarr- 
hoeals such as diphenoxylate and loperamide, also produce their 
antidiarrhoeal effect through blocking intestinal fluid secretion. 
The secretion is produced by the mucosal epithelium in response 
to endogenous secretagogues (e.g. vasoactive intestinal peptide, 
prostaglandins and acetylcholine) as well as exogenous secreta- 
gogues such as bacterial enterotoxins. 

We have demonstrated that morphineappears in theintestinal 
lumen of laboratory rats, approximately 10-20 min after 
intravenous administration where iipersists for a long period of 
time (Margaritis et a1 1991). This could also help explain the 
potent intestinal actions of morphine, especially if the intestinal 
mucosa is a possible site of action. Indeed, there is evidence to 
show that morphine stimulates mucosal sensory receptors which 
in turn activate a reflex-arc to further increase intestinal fluid 
absorption (Mailman 1984; Brown & Miller 1991). 

The aim of this study was to determine whether other widely 
used opiate antidiarrhoeals also accumulate in the lumen. 
Difenoxin was selected as it is the active metabolite of the widely 
used antidiarrhoeal drug diphenoxylate (Heykants et al 1972). 
The doses used in this study were selected from the ED50 values 
for protection of rats against castor oil-induced diarrhoea 
(Niemegeers et a1 1974) and the doses producing a large 
inhibition ofintestinal fluid secretion (De Luca & Coupar 1992). 

Materials and methods 

Surgical and analytical procedures in fluid transport studies. 
Hooded Wistar rats of either sex, 230-290 g, were anaesthetized 
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with a subcutaneous injection of pentobarbitone sodium (60 mg 
kg-I). Difenoxin was dissolved in the anaesthetic mixture so it 
could be administered subcutaneously to maintain consistency 
with the previous morphine study which also used this route 
(Margaritis et al 1991). However, subcutaneous administration 
of loperamide did not result in a dose-related effect in a previous 
study (De Luca & Coupar 1992) and therefore this compound 
was administered intraperitoneally. 

A cannula was introduced into the left common carotid artery 
for constant intra-arterial infusion of vasoactive intestinal 
peptide (VIP; 0.8 pg min-') in saline at  a rate of 40 pL min-l to 
induce intestinal fluid secretion. 

A 20-30 cm loop ofjejunum was cannulated so preventing the 
entry of bile into the intestinal lumen. The loop was washed 50 
min after drug administration, then perfused with 9 mL iso- 
osmotic saline (NaCI 148, KCI 5 and dextrose 5.5 KIM) for 20 
min. The solution was contained in a reservoir maintained at 
37 C and recirculated through the lumen of the jejunum by a 
gas-lift column of moistened 5% COr in 0 2 .  

The fluid from the loop and reservoir was recovered at  the end 
of the 20 min perfusion period. Aliquots of the samples were 
diluted with buffer and peak absorbances were measured at 560 
nm and at  520 and 600 nm to correct for non-specific interfer- 
ences as described by Miller & Schedl (1972). Results are 
expressed as the net amount ofwater absorbed or secreted ( - ) in  
pL (g wet wt)-l ofjejunum during the 20 min perfusion. 

Sample preparations. The method of sample preparation and 
HPLC detection was that described by Pierce et al(1992). In  the 
present study, a 0.9 mL sample was mixed with 0.1 mL internal 
standard solution (I0 pg mL ~ I) and loaded into a reverse-phase 
C18 Sep Pak cartridge (Waters). The cartridge was then washed 
with 4 mL water:acetonitrile (9:  I )  90'K containing 0.08% 
diethylamine (pH adjusted to 2.3 with orthophosphoric acid), at 
a flow rate of 1.5 mL mi, I.  maintained with a B Braun- 
Melsungen AG syringe pump. Standards. samples and the 
internal standard in the samples were then eluted separately 
using water: acetonitrile (6:4) containing 0.08'X1 diethylamine, 
pH 2.3 (4 mL for difenoxin; 6 mL for loperamide, retaining the 
last 4 mL for analysis) at  a flow rate of 5 mL min I .  

Apparatus. The separation and detection system consisted of a 
Rheodyne 7125 injection valve fitted with a 100 pL injection 
loop, a C18 guard column and an Ultracarb reverse-phase 30 pm 
analytical column (I50 mm x 4.6 mm; Phenomenex). A pro- 
grammable multiwavelength detector was used (Waters Model 
490E Spectrophotometer) set at  210 nm. Samples (100 pL) were 
injected onto the column, and chromatograms were recorded on 
a BAS RYT chart recorder set at  a chart speed of 2 mm min- I .  

Drug stundurds undinterna(.Ftutil2nurdS. Standards were sonicated 
in ethanol (1 mg mL- ' )  and diluted to the required concentra- 
tion in mobile phase. Difenoxin served as the internal standard 
for loperamide and loperamide for difenoxin. 

Mohilephuse. The mobile phase consisted of a water: acetonitrile 
solution (65: 35) containing 0.08'K diethylamine. The pH of the 
solution was adjusted to 2.3 with orthophosphoric acid and it 
was then filtered through 0.45 pm Millipore cellulose filters 
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before use. The mobile phase was freshly prepared each day and 
the system was allowed to equilibrate for 1 h at  a flow rate of 
1 mL min-' before carrying out any separations. 

Sraristics. Pairs of means were analysed by Student's unpaired 
two-tailed r-test. Probability levels of ( P )  less than 0.05 were 
taken to indicate a significant difference. 

Drugs and chemicals. Difenoxin and loperamide were obtained 
from Janssen (Beerse, Belgium) and Ethnor (Sydney, Australia), 
respectively. Pentobarbitone sodium (Nembutal) was from 
Boehringer Ingelheim (Artarman, Australia). Acetonitrile was 
from Mallinckrodt (Clayton, Australia), diethylamine and 
orthophosphoric acid from British Drug Houses (Poole, UK). 
Analytical grade ethanol was used. 

Results 

Antisecretory effects o/ dfenoxin and loperamide. The rate of 
fluid absorption was 235k22 pL (g tissue)-l in 20 rnin (saline 
intra-arterially; n = 7). This was reversed to net secretion of 
339 k 4 8  pL  gg ' in 20 rnin by intra-arterial infusion of VIP at 0.8 
pg min-I (n=5). This rate of infusion produces a maximal 
secretory response to VIP in pentobarbitone-anaesthetized rats 
(Coupar 1985). 

Difenoxin (0.77 mg kg- I )  inhibited VIP-induced intestinal 
fluid secretion from 339+48 to 92+61 p L  g- '  in 20 min (n=7; 
P<O.O5) .  Similarly, loperamide (0.6 mg kg- ' ) blocked the VIP- 
induced secretion to produce a fluid rate of transport of 0 f 52 
pL g-I (n=5; P<O.O5). 

Determination of calibrution lines. Calibration lines for the 
loperamide and difenoxin standards prepared in mobile phase 
(100 pL injected) were linear from 0.25-1 pg mL- ' .  The 
correlation coefficients of the detector responses against the 
standards were 0.999 and 0.998 for difenoxin and loperamide. 
respectively. The lowest limit of detection corresponded to 0.5 ng 
for each antidiarrhoeal drug. 

Chromatograms of difenoxin ( 1  pg mL-')  and loperamide 
(2.5 pg mL- I )  standards in mobile phase are shown in Fig. 1. The 
retention times were approximately 7 and 13 rnin in all 
experiments for difenoxin and loperamide, respectively. 

Determination of e.utraction gficiencies. Mobile phase and 
Perfusate were each mixed with difenoxin (1 pg mL- ' )  to 

Difenoxin 

Loperamide 
0 

7 rnin 13 rnin - 
1. Chromatogram of drug standards in mobile phase (0.005 

aufs). 

Table 1. Extraction efficiencies (XI) of standards diluted in mobile 
phase (blank) and in perfusate circulated through the intestinal 
lumen, and subjected to the extraction procedure using reverse phase 
C18 Sep Pak cartridges. 

Difenoxin Loperamide 
Diluent (1  pg mL-I) (2.5pgmL-I) 
Blank 95+ 1.7 (n=3) 99.7 + 0.3 (n = 3) 
Perfusate 55k18 (n=3) 7 9 i l l  (n=3) 

Table 2. Morphine, loperamide and difenoxin entering the intestinal 
loop during a 20 rnin perfusion period. For comparison, data in the 
table includes that for morphine from a previous study (Margaritis 
et a1 1991). 

Time 
elapsed 
before 

Dose perfusing Amount 
administered lumen (ng g-,' 

Opiate (mg kg-') Route (min) n in 20 min) 
Morphine 2.5 i.v. 10 5 3433+573 
Loperamide 0.6 i.p. 50 5 <20* 
Difenoxin 0.77 S.C. 50 4 <20* 

n =  the number of experiments. *Lower limit of detection. 

determine the extraction efficiency. Separate samples were mixed 
with loperamide (2 .5  pg mL- I ) .  The samples were then loaded 
onto reverse-phase C18 Sep Pak cartridges. Analysis of the 
eluents indicated that recovery from the mobile phase was 
complete, but the recovery was reduced from the samples of 
perfusate (Table I ) .  

Examination of the chromatograms in this group of experi- 
ments indicated that there were no endogenous substances 
present in the perfusate samples that could interfere with peak 
detection. 

Analysis ofperfusates ,/or dfenosin and loperaniide. Neither of 
the antidiarrhoeal drugs were detected in the luminal perfusates 
of treated rats (Table 2). 

Discussion 

This study is an extension of previous studies in which we 
detected morphine in the intestinal lumen of rats (Margaritis et 
al 1991). The method of sample preparation and HPLC 
detection used in this study was devised by Pierce et al(1992) for 
detecting methadone using difenoxin as an internal standard. 
Analytical methods already available for measuring loperamide 
are radioimmunoassay (RIA) (Michiels et a1 1977), UV spectro- 
photometry and colorimetry (Tu et al 1989). For difenoxin, 
radioimmunoassay (Jackson & Stafford 1987) and gas 
chromatography-mass spectrometry (Ford et al 1976) have been 
used. Although radioimmunoassay is the preferred analytical 
method in clinical (human plasma) determinations for these 
antidiarrhoeals, high performance liquid chromatographic 
(HPLC) methods are now utilized for determinations in labora- 
tory basedresearch(Tueta1 1989; Margaritisetal 1991; Pierceet 
a1 1992). The HPLC method described in this paper compares 
favourably with RIA, the lower limits of detection being in the 
low ng and pg range, respectively. 

Using HPLC we report here that the clinically used opiate 
antidiarrhoeals loperamide and difenoxin do not accumulate in 
the intestinal lumen. This result is in marked contrast to 
morphine, which we demonstrated previously to accumulate 
rapidly in the lumen of the rat jejunum soon after parenteral 
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administration (Margaritis et al 1991). Morphine and the 
antidiarrhoeal drugs all share the property of becoming loca- 
lized within the gut. For example, i t  has been established that 
morphine accumulates in intestinal tissue of rats in relatively 
high concentrations following intravenous or intraperitoneal 
administration (Bianchi et al 1983). In addition to this we have 
demonstrated that morphine passes from the tissues of the 
intestine into the lumen. Relatively large amounts of both 
morphine and its primary metabolite appeared in the lumen of 
the small intestine of rats soon after they were injected with an 
antisecretory dose (Margaritis et al 1991). Like morphine, the 
antidiarrhoeal drugs have also been shown to concentrate within 
intestinal tissues after parenteral administration. For example, 
most of an intravenous dose of loperamide concentrates in the 
intestine (Wuster & Herz 1978). N o  information is available for 
difenoxin by the intravenous route, but it  has been shown to 
accumulate following oral administration (Heykants et al 1972). 
However, our results show that these antidiarrhoeals do not then 
pass from tissue to lumen at  doses that cause marked inhibition 
of intestinal secretion. 

The present results are in agreement with those of Wuster & 
Herz (1978). who showed that opiate antidiarrhoeals such as 
loperamide, but not morphine, possess strong surface tension- 
lowering activity. They suggested that this physicochemical 
property results in fixation of the antidiarrhoeals to the intestinal 
tissue such that they are adsorbed onto membrane surfaces from 
which they are slowly released. 

The results of the present study provide further information 
regarding the differences in pharmacokinetic profiles of the 
opiate antidiarrhoeals loperamide and difenoxin compared with 
morphine. 

This work was supported by a Special Initiative Project Grant in 
Addictive Behaviour by the National Health and Medical 
Research Council of Australia. We thank Janssen and Ethnor 
for their generous gifts of respective drugs. 
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