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Gastric emptying of different volumes of water was studied in the fasted dog. Volumes of water ranging from 25 ml to 500 ml at 

20 o C were administered during phase I of the fasted state by natural swallowing. Effluent was collected from a permanent Thomas 

cannula located in the duodenum about 15 cm from the gastroduodenal junction. The presence of phase I was ascertained by 

observing the discharge from the cannula prior to administration of water. Mucus and bile discharge was taken as phase II activity, 

and 20 min after cessation of any discharge motility was assumed to be phase I. Distinctly different patterns of fluid discharge were 

observed for volumes smaller than and larger than 100 ml. For small volumes a lag phase was observed before the discharge of 

stomach contents, with most of the discharge occurring at the onset of and during phase II. Large volume discharge on the other 

hand followed characteristic first-order kinetics, a finding consistent with many studies already reported in the literature. The results 

indicate that the stomach emptying pattern of water depends on the administered volume. While small volumes follow the existing 

motility pattern in the stomach, large volumes convert the stomach activity to a continuous ‘fed like’ state and result in a continuous 

discharge of liquid until most of the liquid is discharged and the fasted state is subsequently restored. The change of time required for 

discharge of half of the administered volume from 40 min to 10 min for small to large volumes suggests that this transition in the 

discharge patterns occurs between 100 and 150 ml for water in the fasted dog. Additional findings of this study are the pH changes 

associated with the different volumes of water. The pH of duodenal discharge was between 7 and 8 for small volumes and decreased 

progressively as the volumes were increased, being as low as 1.5 when 500 ml water was administered, indicating that large volumes 

apparently induce acid secretion in the stomach. 

Introduction 

Since the success of an oral dosage form de- 
pends in part on its processing within the environ- 
ment of the gastrointestinal tract, characterization 
of the biological variables in this organ is of 
importance to the design and evaluation of oral 
drug delivery systems. The importance of the tran- 
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sit patterns of solids and liquids for oral con- 
trolled drug delivery systems is evidenced by the 
volume of literature on this subject. Considering 
that there are two distinct modes of gastrointesti- 
nal motility patterns, fasted and fed, in humans 
and animals that consume food on a discrete basis 
(Jacoby et al., 1963; Weisbrodt, 1981) transit pat- 
tern of dosage forms and liquids and hence the 
bioavailability of orally administered drugs may 
be different depending on whether the medica- 
tions are given in the presence or absence of food. 

The fasted gastrointestinal motility pattern is 
characterized by a cyclic pattern in both dog and 
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TABLE 1 

Interdigestive migratoy motor complex in dog and man 

Phase I 

Phase II 

Phase III 

Phase IV 

One cycle 

Duration (min) Fluid discharge Reference 

Dog Man 
in both species 

40- 65 50- 60 none (Miolan and Roman, 1978) 
15- 20 20- 40 bile and mucus (Gill et al., 1985) 
lo- 15 15- 20 bile and mucus (Gill et al., 1985) 

6- 16 _ mucus (Miolan and Roman, 1978) 
90-120 90-120 (Miolan and Roman, 1978; Gill et al., 1985) 

man (Szurszewski, 1969; Vantrappen et al., 1977) 
each cycle lasting about 90-120 min in both species 
(Kerlin, 1982). This cyclic interdigestive pattern 
which originates in the foregut and propagates to 
the terminal ileum can be divided into 4 distinct 
phases: phase I, representing a quiescent period 
with no spike activity and no contractions; phase 
II, the period of random spike activity or intermit- 

tent contractions; phase III, the period of regular 
spike bursts or regular contractions, at a maximal 
frequency that migrate distally; and phase IV, the 
transition period between phases III and I (Code 
and Marlett, 1975). Upon feeding, this interdi- 
gestive migratory motor complex (IMMC) is inter- 

rupted and is replaced by continuous contractions 
of medium intensity. Table 1 describes the relative 
lengths of various components of the fasted phase 
activity. 

Another major cyclic event associated with the 
fasted activity is the secretory component. In dog, 
the increased gastric motility is accompanied by a 
periodic increase in mucus, biliary and pancreatic 
secretion in the absence of any other secretory 
stimulation (Vantrappen et al., 1979). There are 
little or no secretions during phase I. Bile enters 
the duodenum during phase II (Traynor et al., 
1984) while mucus discharge occurs from the 
stomach during the latter part of phase II and all 
of phase III (Reinke et al., 1967). Thus ap- 
pearance of bile and mucus can serve as an indi- 
rect indicator of the existing phasic motor activity 
during the fasted state. 

Most bioavailability studies are performed after 
an overnight fast and a specified volume of water 
is typically coadministered with the dosage form. 
However, no studies are available regarding the 
fate of small volumes of liquids given with the 

dosage form. Fluid dynamics and mixing char- 
acteristics in the GI tract can have a profound 
influence on the transit pattern and distribution of 
a dosage form. The extent of gastrointestinal 
secretions can present dissolution and stability 
problems for the drug, as well as influence its 
dissolution and hence its absorption characteris- 
tics. A number of studies have reported different 
plasma drug profiles for a variety of drugs includ- 
ing theophylline when given with small or large 
volumes of water (Welling, 1980; Nimmo, 1980). 

Gastric emptying of liquids has been studied 
and reported extensively during the last 35 years. 
Hunt and MacDonald (Hunt and MacDonald, 
1954; Hunt, 1959) have reported that gastric emp- 
tying of liquids follows first order kinetics, the 
slope of the curve depending on the nature of the 
liquid. When coadministered with solids, liquids 
empty faster (Thomas, 1957; Rees et al., 1979) 
and maintain their first-order kinetic discharge. 
None of the studies reported a relationship be- 
tween antral motility and liquid discharge, pre- 
sumably because the volumes given were large 
enough to change the motility pattern to a con- 
sistent continuous motility (Camillarim et al., 
1985). However, the proximal stomach has been 
reported to regulate the stomach emptying of 
liquids (Kelly, 1980). Among the factors which 
influence stomach emptying of liquids are viscos- 
ity (Russell, 1985) meal temperature (Bateman, 
1982) disease state (Jian et al., 1984) and age 
(Kupfer et al., 1985). However, all of the available 
studies have a physiological perspective and prim- 
arily involve large volumes of test meals. There is 
no study available to date on the fate of small 
volumes of liquids administered in the fasted state. 

Previous studies from this laboratory have in- 



dicated that small volumes of normal saline (50 
ml) follow the existing motility pattern (Gruber et 
al., 1987). The present study was aimed at study- 
ing the stomach handling of different volumes of 
water ranging from 25 ml to 500 ml. Test meals 
were administered during phase I to observe the 

influence of the phasic activity on small volumes 
of water and to determine the volume at which the 
transition of the discharge pattern occurs from 
small to large volumes. Also the change in the 
secretory activity of the stomach, particularly acid, 

was explored as a function of the administered 
volume. The dog was chosen as an animal model 

because of the similarity of its GI motility to 
humans (Dressman, 1986), is extensive use in 

pharmacokinetic studies and convenience of han- 
dling. 

Materials and Methods 

Three adult, female dogs of mixed breed, 
weighing 15-20 kg., were used in the study. Each 
dog was prepared with a permanent duodenal 
cannula. 

Dog preparation 
As reported in the previous studies from this 

laboratory (Gruber et al., 1987) the surgical proce- 
dure of Reinke et al. (1967) was followed to 
implant the cannula into the duodenum. After 
being anesthetized with 30 mg/kg of sodium 
pentobarbital (Nembutal sodium solution, 50 
mg/ml; Abbott Laboratories, North Chicago, IL), 
the dogs underwent laparotomy under asceptic 
conditions. A modified Thomas cannula made of 
Derlin (o.d. 17 mm, i.d. 16 mm; The University of 
Wisconsin Physical Plant Machine Shop, Madi- 
son, WI) was implanted in the duodenum through 
a longitudinal cut about 15 cm from the gastro- 
duodenal junction on the side free of mesenteric 
blood supply. The cannula was exteriorized 
through an opening in the abdomen and fixed to 
the abdominal wall at a site about 4 cm below the 
last rib and 2.0 cm from the midline cut., A 
recovery period of two weeks was allowed before 
the animals were used for studies. The dogs were 
trained to stand quietly, supported by slings (Alice 
King Chathman Medical Arts, Los Angeles, CA) 

and to accept oral administration of liquids by 
natural swallowing. 

Administration of water 

Prior to each experiment, the dogs were fasted 
for 16-18 h with free supply of water. In order to 

use the bile and mucus discharge to ascertain 
phasic activity, the cannula was opened and 
duodenal discharge allowed to drain. If bile and 

mucus discharge was observed on opening the 
cannula, then the arrival of the next phasic activ- 

ity was awaited to time the first arrival of bile. 
After one complete phasic activity cycle was over, 

an additional 20-min period of no discharge was 

allowed in order to make sure that the GI motility 
of the dog was in phase I. At this time, which was 

arbitrarily taken as time zero, the required volume 

of tap water at 20 o C was instilled into the back of 
the dog’s mouth by a flexible tube (5 mm i.d.) 
attached to a 200-ml syringe. The dog’s mouth 

was held up and water instilled at a rate of about 
250 ml/mm which was swallowed comfortably. 

Duodenal effluent collection 
Following administration of water, all duodenal 

effluent was collected from the cannula at 2-min 
intervals until 10 min and then at 5-min intervals. 
This included the volume discharged from the 
stomach as well as the secretions of the first 15 cm 
of duodenum. The effluent was collected until the 
end of the next phasic activity (about 120 min) 
and its volume and pH (Digital pH/mV meter, 
model 701A, Orion Research, Cambridge, MA) 

determined. Three repetitions at each volume were 
carried out on each dog, and the data from three . 
dogs was pooled to calculate the mean and stan- 
dard error of the mean. Total effluent from one 
complete phasic activity prior to which no volume 
was administered was also collected on many 
occasions to compared the volume and pH with 
the effluent after administration of water. 

Results and Discussion 

Liquid discharge 
Onset of discharge from the cannula was 

observed after a lag of l-3 min following adminis- 



48 

titw 
R 
g 80 

P 
5 WW 
0 + 25ml 

B * 50ml 

i 40 + 190ml 

E 
* 150ml 

9 
+ 300ml 

220 
* 500ml 

s 

0-b’: I . I . I . I I 

0 20 40 60 80 100 

TIME AFIER AD~NISTRATION OF WATER (YIN) 

Fig. 1. Gastric emptying of different volumes of water (25-500 

ml) given 15-20 mm after cessation of high antral activity in 
fasted dogs. Error bars are S.E.M. of 9 trials. 

tration of 150 ml, 300 ml, and 500 ml water. As is 
evident from Fig. 1, the cumulative percent volume 
discharge shows an exponential type curve which 
becomes more obvious when plotted as cummula- 
tive total volume recovered (Figure 2). Most of the 
administered volume is discharged during 20 min 

+ 100ml 

+ 150ml 

* 300 ml 

- 
0 20 40 60 80 100 120 

TIME AFTER ADMINISTRATIDN OF WATER (MIN) 

Fig. 2. Cumulative volume recovered as a function of time after 
administration of different volumes of water (25-300 ml) 

15-20 min after cessation of high antral activity in fasted 

dogs. Curve for 500 ml water has been left out for the sake of 

clarity. Note the change in the discharge pattern between 
100 and 150 ml. 

after administration, with roughly half being dis- 
charged in about 10 min. This discharge is then 
followed by a period during which there is little or 
no effluent from the cannula, indicating that phase 
I activity has returned. 40-60 min after adminis- 
tration bile discharge starts at the onset of the 
next phase II activity followed by mucus and the 
fasting cycle is subsequently restored. The onset 
and pattern of discharge of all 3 volumes were 
very consistent within an animal and varied slightly 
among 3 dogs. In no case was the lag time larger 
than 3 min and the total discharge time less than 
30 min. 

Discharge of smaller volumes on the other hand 
followed a completely different pattern. Following 
administration of 25, 50, and 100 ml of water, 
there was little or no discharge during the next 
20-30 min. This was followed by a continuous 
effluent flow from the cannula around the time 
the next phase II activity was due. Thus most of 
the 100 ml or less water administered was dis- 
charged at the onset of phase II which was also 
evident from the fact that this discharge was asso- 
ciated with bile from the duodenum, which occurs 
during the first part of phase II. Half of the 
administered volume was discharged between 35 
and 45 min and complete volume in 55-65 min in 
all cases. Total amount of the volume recovered 
until the end of the next phase activity was equal 
to or slightly less than the administered volume. 

04 I . I I . I . I 4 

0 100 200 300 400 500 600 

VOLUME OF WATER ADMINISTERED (ML) 

Fig. 3. Time taken for the discharge of half of the administered 
volume of water given 15-20 min after cessation of high antral 
activity, plotted against the volume of test solution. Note the 

change in the slope of the curve from 100 ml to 150 ml. 
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Mean total volume recovered during one complete 
cycle during which no water was administered was 
28 ml. 

pH of duodenal effluent 

The mean pH of the duodenal discharge during 
one activity period without the administration of 
any test mean was 7.69. pH was maintained be- 
tween 7 and 8 at all times following the adminis- 
tration of volumes up to 100 ml. However, a 
reduction in pH of the effluent was seen as the 
volumes were increased to 150 ml or more (Fig. 4). 
With 500 ml, a pH of as low as 1.5 was observed 
45 min after the administration of test meal. The 
pH generally dropped 5-15 min following the 
administration of water and reached its lowest at 
different times depending on the volume adminis- 
tered. Range of pH for volumes upto 100 ml was 
4.3 to 8.3 whereas for 150 ml and more, it was 1.5 
to 8.2. Table 2 shows the pH range for different 
volumes of water. 

Gastric emptying of liquids has been exten- 
sively reported in the literature during the last 3 
decades. A variety of methods have been em- 
ployed in these studies. Most of the earlier studies 

0 20 40 60 60 100 

TIME AFTER ADMINISTRATION OF WATER (MN) 

Fig. 4. pH of duodenal discharge as a function of time after 
administering different volumes of water (25-500 ml) 15220 

mm after cessation of high antral activity in fasted dogs. The 

values are an average of 9 studies. S.D. bars of data were 

omitted for the sake of clarity. Table 2 gives an idea about the 
S.D. of the data. 

TABLE 2 

pH of duodenal effluent after administration of different volumes 

of water 

Volume (ml) pH Range * 

Low 

25 6.88 kO.19 

50 6.49+1.80 

100 4.82 + 1.90 

150 3.66 f 0.77 

300 2.93 f 0.87 

500 2.12 * 0.54 

* Figures are the mean and S.D. 

High 

7.75 f 0.26 

7.81 rt 0.31 

7.60 It 0.21 

7.27 f 0.12 

7.16 f 0.39 

8.05 + 0.20 

involved the administration of the test meal fol- 
lowed by aspiration of the volume remaining in 
the stomach at different time intervals using a 
gastric tube (Elias et al., 1968; Hunt and Knox, 
1968; Weisbrodt et al., 1969). An unabsorbable 
and undegradable dye like Phenol red can be used 
in order to wash out the stomach and calculate the 
volume remaining from the amount of dye in the 
stomach (Hurwitz, 1981). Later methods involved 
the use of radioisotopes which could be followed 
by a gamma camera (Wright et al., 1981), or the 
use of real-time ultrasound methods to calculate 
the volume in the stomach (Bateman and Whit- 
tingham, 1982). Although all of the above tech- 
niques are non-invasive, they provide only an indi- 
rect estimate of fluid discharge from stomach. 
Also an effect on motility, and hence the dis- 
charge pattern of stomach, is obvious when aspira- 
tions are done using a gastric tube. A direct mea- 
sure of fluid movement in the GI tract can only be 
obtained by using a cannula in the intestine or 
stomach. Some studies have reported the use of 
gastric cannula (Stemper and Cooke, 1975), but 
the question of its effect on the normal gastric 
function still remains. 

The technique used in our studies involves the 
use of a Thomas cannula in the duodenum, about 
15 cm distal from the gastroduodenal junction. 
While it is a direct way of measuring gastric 
emptying without altering gastric function, it in- 
cludes the volume contribution from the bile duct, 
pancreatic duct and duodenal secretions. Never- 
theless, this technique allows direct analysis of the 
fluid discharged from the stomach and monitoring 
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parameters such as viscosity, bile content and pH 
of the effluent. Also all of the studies reported so 
far in dogs involve ad~~stration of test meals by 
an intragastric tube. Apart from the possibility of 
changing the existing motility pattern, administra- 
tion by a tube will not involve receptive relaxation 
of the stomach, a natural phenomenon reported in 
the literature (Knoebel, 1982; McCoy and Bass, 
1963; Cannon, 1911). Some studies (Azpiroz and 
Malagelada, 1985) have reported a receptive re- 
laxation during feeding followed by a low-tone 
accommodation period and then a sustained high 
tone until return of the fasted state in dogs. Our 
method of administration by natural swallowing 
will induce the receptive relaxation in stomach 
and thus remove another possible artifact in such 
studies. 

Results of the present study with volumes larger 
than 100 ml (hereafter referred to as large volumes) 
are consistent with the ones reported by Hung and 
MacDon~d (1954). The stomach emptying of large 
volumes seems to follow an exponential curve with 
a half time of discharge in the neighborhood of 10 
min. Discharge of liquid starts from the cannula 
immediately after administration of test meals and 
most of the volume is discharged within 40 min. 
Although some change in viscosity is observed in 
the effluent, there is no associated bile or mucus 
indicating that all the events of a fed state are not 
stimulated. Perhaps only the motility pattern 
changes temporarily and gastric secretions are in- 
duced. 

The discharge pattern of 100 ml or less 
(hereafter referred to as small volumes) however is 
different from that of large volumes and has been 
reported for the first time. Apparently upon ad- 
ministration of small volumes, the existing phasic 
activity in the stomach i.e. phase I or the quiescent 
phase is not affected. Thus in the absence of any 
activity, the stomach is in a relaxed state and there 
is no pressure gradient across the gastroduodenal 
junction. Upon the arrival of phase II activity, 
most of the liquid present in the stomach is dis- 
charged into the duodenum almost as a bolus. A 
relationship between antral activity and liquid 
transit has been consistently denied in the litera- 
ture (Camillarim et al., 1985; Kelly, 1980). On the 
other hand proximal stomach activity has been 

implicated in fluid discharge from the stomach 
(Kelly, 1980; McCoy and Bass, 1963). It follows 
therefore that upon ad~nistration of small 
volumes of liquids during phase I, no activity is 
induced in the stomach and consequently a 
coadministered dosage form will have little or no 
chance of distributing itself. 

It is well established that addition of large 
volumes into the stomach leads to inte~ption of 
the interdigestive activity of the GI tract and the 
appearance of a characteristic fed type pattern of 
spike potentials and contractions. There seems to 
be a minimum amount of gastric content in order 
to change the motility pattern. Distension of the 
stomach by a 160 ml balloon or a 37.5-50 mm 
mercury pressure (Azpiroz and Malagelada, 1984; 
Melo et al., 1981) abolishes the fasted motor pat- 
tern in the dog. Cooke and Stemper (Stemper and 
Cooke, 1975; Cooke and Stemper, 1975) have 
reported that in dogs, a 60 ml meal did not result 
in a burst activity in the antrum but 120 ml or 
greater volume did. In the light of these findings, 
it appears that large volumes in our studies cause 
a motility pattern change from phase I to a con- 
tinuous “fed-like” motility which is then responsi- 
ble for the continuous and immediate discharge of 
liquid from the stomach. When most of the liquid 
is gone, activity subsides and the stomach returns 
to its previous activity i.e. phase I and the normal 
interdigestive migratory motor complex subse- 
quently resumes. Our studies show that the volume 
transition to convert from a fasted to a fed state 
lies somewhere between 100 and 150 ml in the 
dog 

These two distinctly different patterns of liquid 
emptying from the stomach can influence the 
pharmacokinetics of an oral dosage form. Given 
with a small volume, the dosage form cont~ning a 
rapidly dissolving drug may disintegrate and dis- 
solve and then be emptied from the stomach as a 
bolus during phase II activity. Whereas when a 
large volume is given, a part of drug will dissolve 
in the medium and be carried into the intestine 
continuously over the next half an hour or so in 
the fasted stated. Thus for a drug which has an 
absorption window in the upper duodenum, a 
large volume may be more desirable to ensure a 
continuous passage of drug solution past the ab- 
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sorption site whereas a small volume will release 
the solution more or less as a bolus and may not 
provide sufficient time at the site of absorption. 
Also since gastric emptying of small volumes oc- 
curs at the onset of phasic activity, the gastric 

content may be cleared of the absorption window 
in a relatively short time, thereby reducing absorp- 
tion. The fact that large volumes empty from the 

stomach until most of the volume is cleared and 
the rest of the liquid may be discharged with the 

next activity period. This might be a partial ex- 
planation for the double peak phenomenon ob- 
served in the plasma kinetics of certain drugs 

(Oberle and Amidon, 1986; Lue et al., 1986) 
assuming of course that enterohepatic recycling or 
discontinuous absorption are not involved. 

pH of the duodenal effluent in dog depends on 

the volume of water administered. Large volumes 
apparently induce acid secretion in the stomach 
and thus lower the pH to values as low as 1.5 in 
the lumen of the proximal duodenum. This con- 
tradicts the view that the pH changes immediately 
to near-neutral once the material enters from the 

stomach into the duodenum. There is evidence in 
the literature that gastric distension (Azpiroz and 
Malagelada, 1984) and an increased rate of gastric 
emptying (Hunt, 1963) lead to an increase in 
gastric acid output rate. This large variability of 
pH suggests that dissolution and absorption char- 
acteristics of drugs with absorption predominantly 
from the proximal duodenum could be variable in 
the fasted state. The pH fluctuation could also 
present dissolution problems for enteric-coated 

tablets by delaying dissolution of their coating 
perhaps until the formulation is past its absorp- 
tion site. 

The mean resting volume in the stomach in the 
fasted state is about 25 ml in both dog and man 
(Erskine and Hunt, 1981), and administration of 
small volumes does not change the motility pat- 
tern. Under such conditions if a formulation is 
coadministered with a small volume of liquid dur- 

ing phase I, it may not have much opportunity to 
disintegrate and distribute in the stomach, given 
that there is also strong interaction between the 
particles and mucus in the stomach (Gruber et al., 
1987). 

In additional preliminary studies were con- 

ducted on the transit pattern of small volumes of 
semi-aqueous composition of test meals. 20% and 
40% solutions of polyethylene glycol 400 were 
used. In contrast to following the motility pattern 
by similar volumes of water, these semi-aqueous 
test meals induce considerable secretions in the 

dog stomach and result in a continuous discharge 
approximated by zero-order kinetics. The pH of 

the effluent is also consistently low and relatively 
constant, at about 3.5. These data will be pre- 
sented elsewhere. 

It appears that the pH and transit patterns of 
liquids from the dog stomach in the fasted state 
depend on administered volume. These findings 
can aid the design and evaluation of sustained 
release dosage forms and can help fashion a more 
reasonable picture of the in-vivo performance of 

an oral dosage form. 
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