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Summary 

Controlled release devices, based on high molecular weight hydrophilic polymers, have been shown in studies in dogs to have 
extended gastric retentive properties. However, the transit character~ti~ of the formuIation in man were very similar to those 
reported previousiy for other single unit matrix systems. The results highlight the dramatic differences that can occur between 
animal models and human subjects and consequently data on gastrointestinal transit obtained in animal models should be 
interpreted with considerable caution. 

The gastrointestinal transit of pharmaceutical 
dosage forms is of current interest with respect to 
the design of controlled reIease dosage forms and 
the targeting of drugs to specific sites, for exam- 
ple the colon for local and systemic effects (Hardy 
et al., 1987; Wilding et al., 1992). There is now an 
increasing tendency to conduct studies in man, so 
far as possible, using the non-invasive method of 
gamma scintigraphy (Digenis et al., 1990; Wilding 
et al., 19!Xa,b). However, in some situations an 
animal model may be required, when for example 

Correspondence to: JR. Wilding, Pharmaceutical Profiles Lim- 
ited, 2 Faraday Building, Highfields Science Park, University 
Boulevard, Nottingham NG7 2QP, U.K. 

testing out a new strategy with formulation mate- 
rials that are not generally regarded as safe 
(GRAS) or with new chemical entities. The dog 
(Marvola et al., 1986), and more recently the pig 
(Hildebrand et al., 1991; Larsen and Jensen, 1991) 
have been used but each has its limitations and 
drawbacks when attempting to translate animal 
data to the situation in man. Table 1 compares 
and contrasts the salient features of the gastroin- 
testinal tract of the dog and of man. 

To their cost, pharmaceutical scientists have 
sometimes used data from the dog as being di- 
rectly applicable to the human. For example, the 
cut-off size for the emptying of multiparticulates 
from the fed stomach is a case in point where 
(not surprisingly) the limiting size in the dog is 
very much lower than that in man (Coupe et al., 
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TABLE 1 

Comparison of canine and human gastrointestinal physiology 
(Dauis et al., 1986; Dressman, 1986; Khosla et al., 1989; Khosla 
and Davis, 1990; Coupe et al., 1991) 

Parameter Human Canine 

Gastric acid secretion 

(mEq./h) 
Intestinal pH 

2.2 (female) 0.1 

3.7 (male) 

(2 h after gastric emptying) 6.0 7.2 

Periodicity of Phase III MMC 

activity (min) (mean + SE) 113*11 106k8 

Cut-off size for emptying of 

multiple units (mm) 11-13 2-7 

Small intestinal transit time (min) 

(mean + SD) NO*60 111*17 

1991). In man the minimum size for prolonged 
retention following post-prandial administration 
appears to be 12 mm or larger (Khosla and Davis, 
1990). We have suggested that the difference in 
canine and human data could be related to the 
size of the pyloral aperture in the resting state 
(Khosla et al., 1989). 

Certain putative bioadhesives that seem to 
perform well in animal models (to include the 
dog) do not work when tested in human volun- 
teers (Park and Robinson, 1984; Russell and Bass, 
1985; Khosla and Davis, 1987; Shalaby et al., 
1991). In the present paper, we describe dramatic 
differences to the gastric retentive behaviour of a 
matrix system administered to dogs and to man. 

While investigating controlled release technol- 
ogy based on high molecular weight hydrophilic 
polymers, Edgren and colleagues observed a 
unique phenomenon (Edgren, D., Alza Corpora- 
tion, 1988; personal communication). Following 
oral dosing in dogs they found that, at necroscopy 
(8 or 10 h post-dose), the controlled release sys- 
tems were often recovered from the stomach. At 
the start of each study the animals were given a 
small meal in the form of a 150 g of moist dog 
food, after which the dosage form was adminis- 
tered. No further food was given, At the end of 
an 8 h study, 11 out of 16 systems were recovered 
from the stomach whilst at the end of a 10 h 
study, 12 out of 15 systems were retained. 

The purpose of the present study was to deter- 
mine whether these systems showed such ex- 

tended gastro-retention behaviour in man. Gas- 
trointestinal transit, in particular gastric empty- 
ing, was measured in healthy subjects using the 
non-invasive technique of gamma scintigraphy. 

Hydrogel type gel core tablets were prepared 
from hydroxypropylmethylcellulose 2208 (USP) in 
the form of KlOOM and K3 grades. The molecu- 
lar mass of the polymer was 154.6 kDa and was 
used at a ratio of 25: 15 KlOOM/K3. The hydro- 
gel concentration was 40%. Tablets of 700 mg 
weight, oval in shape, of longest dimension 19 
mm were prepared by a direct compression pro- 
cedure and produced using suitable tooling on a 
Manesty F3 press. In the animal studies, the 
systems contained either paracetamol or ibupro- 
fen, however, the tablets used in the human stud- 
ies were placebos containing lactose as an in- 
nocuous excipient together with a small quantity 
of amberlite resin (IR-120(H)) (10 mg per tablet) 
labelled with the gamma emitter “‘In. There is 
no evidence in the pharmaceutical literature that 
either paracetamol or ibuprofen can alter the 
retention response of the stomach. 

The study was approved by the Ethics Com- 
mittee of the University of Nottingham and was 
conducted according to the Guidelines of the 
Declaration of Helsinki and subsequent amend- 
ments. The labelled tablets, containing about 1 
MBq of radioactivity at the time of administra- 
tion, were dosed to a group of six subjects (age 
range 19-24 years) after an overnight fast. The 
position and integrity of the dosage form in the 
gastrointestinal tract was followed by placing the 
subjects in front of a gamma camera fitted with a 
medium energy collimator as described previously 
(Coupe et al., 1991). In order to provide an 
outline of the different regions of the gastroin- 
testinal tract the tablets were taken with a drink 
of water labelled with 4 MBq of 99mT~ in the 
form of the non-absorbable chelate diethylenetri- 
aminepentaacetic acid. A light snack consisting of 
orange juice and a biscuit was permitted 1.5 h 
after dosing. Lunch and dinner were provided 3.5 
h and 9 h post-dose, respectively. 

Gastric emptying of the tablet was taken as the 
mid-time between recording the two images about 
the transition. The time for the arrival of the 
tablets in the colonic region were estimated in a 
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TABLE 2 

Gastrointestinal transit parameters for putative bioadhesive ma- 

trix tablet system 

Subject Gastric emptying Small intestinal Colon arrival 
(min) transit (min) (min) 

1 8 187 195 
2 8 135 143 
3 102 131 233 
4 38 160 198 
5 8 222 230 
6 23 210 233 
Mean 33 173 205 
SE 16 16 14 

similar manner. The difference between these 
two times was taken as an estimate of the small 
intestinal transit time. The individual parameters 
used to define gastrointestinal transit are pro- 
vided in Table 2 

Gastric emptying times varied between 8 and 
102 min. Such times are similar to those reported 
previously by our group and others for the empty- 
ing of single unit systems (Park et al., 1984; 
Marvola et al., 1987; Davis et al., 1988). They 
reflect the emptying behaviour of the fasted 
stomach. Indigestible objects, such as large matrix 
tablets, will be cleared by a mechanism known as 
the migrating myoelectric complex (MMC). This 
has three phases and phase three, which consists 
of strong contractions, will move material through 
the open pylorus into the intestines. The MMC 
has a periodicity of about 2 h and therefore it is 
to be expected that gastric emptying will occur at 
any time from almost immediately after dosing to 
about 120 min. There was no suggestion that the 
tablets had been retained in the stomach for an 
unusually prolonged period. 

Small intestinal transit was less variable than 
gastric emptying and an average time of 173 min 
was obtained. This value is very close to that 
reported previously by Davis et al. (1986) in an 
analysis of a range of studies with different dosage 
forms and under different feeding conditions. 
Once again there was no suggestion that the 
transit behaviour of the tablet was different to 
that observed before for other single unit sys- 
tems. The recorded times for the arrival of the 

tablets in the colon are entirely as expected for 
the transit of a non-disintegrating single unit 
dosage form. 

Dressman (1986) has concluded that the gross 
physiology of the stomach in humans and dogs is 
very similar in the fasted state, with similar motil- 
ity patterns and the gastric emptying of indi- 
gestible solids and liquids. However, the pro- 
longed gastric residence time found in the dog for 
a matrix tablet system did not occur in man. The 
dogs were given a small meal 0.5 h before dosing 
but it is unlikely that this had any significant 
effect on the results obtained since no further 
food was allowed until the end of the study 
period. 

Recent radiological studies have suggested that 
the dog is a better model for bioavailability stud- 
ies under fasted conditions than pigs or stomach 
emptying controlled rabbits (Aoyabi et al., 1992). 
However, the results from the present study 
demonstrate the dramatic differences that can 
occur between animal models and human sub- 
jects and consequently animal data on gastroin- 
testinal transit must be interpreted with consider- 
able caution. Whenever, possible transit studies 
should be conducted in man. The non-invasive 
technique of gamma scintigraphy is ideal in this 
respect. 

References 

Aoyabi, N., Ogata, H., Kaniwa, N., Uchiyama, M., Yasuda, Y. 
and Tanioka, Y., Gastric emptying of tablets and granules 
in humans, dogs, pigs and stomach-emptying-controlled 
rabbits. .I Pharm. Sci., 81 (1992) 1170-1174. 

Coupe, A.J., Davis, S.S., Evans, D.F. and Wilding, I.R., Cor- 
relation of the gastric emptying of non-disintegrating 
tablets with gastrointestinal motility. Pharm. Res., 8 (1991) 
1281-1285. 

Davis, S.S., Christensen, F.N., Khosla, R. and Feely, L.C., 
Gastric emptying of large single unit dosage forms. J. 
Pharm. Pharmacol., 40 (1988) 205-207. 

Davis, S.S., Fara, J. and Hardy, J.G., The intestinal transit of 
pharmaceutical dosage forms. Gut, 27 (1986) 886-892. 

Digenis, G.A., Sandefer, E.P., Parr, A.F., Beihn, R.M., Mc- 
Clain, C., Scheinthal, B.M., Ghebre-Sellassie, I., Iyer, U., 
Nesbitt, R.U. and Randinitis, E., Gastrointestinal behavior 
of orally administered radiolabeled erythromycin pellets in 
man as determined by gamma scintigraphy. J. C/in. Phar- 
macol., 30 (1990) 621-631. 



238 

Dressman, J.B., Comparison of canine and human gastroin- 
testinal physiology. Pharrn. Res., 3 (1986) 123-131. 

Hardy, J.G., Healey, J.N.C.and Reynolds, J.R., Evaluation of 
an enteric-coated delayed-release S-aminosalicylic acid 
tablet in patients with inflammatory bowel disease. Ali- 
ment. Pharmacol. Ther., 1 (1987) 273-280. 

Hildebrand, M., McDonald, F. and Windt-Hanke. F., Phar- 
macokinetic characterisation of oral sustained release 
preparations of iloprost in a pig model. Prostaglandins, 41 
(1991) 473-486. 

Khosla, R. and Davis, S.S., The effect of polycarbophil on the 
gastric emptying of pellets. J. Pharm. Pharmacol., 39 (1987) 
47-49. 

Khosla, R.C. and Davis, S.S., The effect of tablet size on the 
gastric emptying of non-disintegrating tablets. Int. J. 
Pharm., 62 (1990) R9-Rll. 

Khosla, R., Feely, L.C. and Davis, S.S., Gastrointestinal tran- 
sit of non-disintegrating tablets in fed subjects. Int. J. 
Pharm., 53 (1989) 107-117. 

Larsen, C. and Jensen, B.H., Bioavailability of Ketoprofen 
from orally administered Ketoprofen-dextran ester pro- 
drugs in the pig. Acta Pharm. Nord., 3 (1991) 71-76. 

Marvola, M., Heinamaki, J., Westermarck, E. and Happonen, 
I., The fate of single unit enteric coated drug products in 
the stomach of the dog. Acta Pharm. Fenn., 95 (1986) 
59-70. 

Marvola, M., Aito, H., Pohto, P., Kannikoski, A., Nykanen, S. 
and Kokkonen, P., Gastrointestinal transit and concomi- 
tant absorption of verapamil from a single unit sustained 
release tablet. Drug Deu. Ind. Pharm., 13 (1987) 1593-1609. 

Park, K. and Robinson, J.R., Bioadhesive polymers as plat- 

forms for oral controlled drug delivety: method to study 
bioadhesion. Inr. J. Pharm., 19 (1984) 107-127. 

Park, H.M., Chernish, J.M., Rosenbek, B.D., Brunelle, R.L., 
Hargrove, B. and Wellman, H.N., Gastric emptying of 
enteric coated tablets. Dig. Dis. Sci., 29 (1984) 207-212. 

Russell, J. and Bass, P., Canine gastric emptying of polycar- 
bophil: an indigestible, particulate substance. Gastroen- 
terologv, 89 (1985) 307-312. 

Shalaby, W.S.W., Blevins, W.E. and Park, K., Gastric reten- 
tion of enzyme-digestible hydrogels in the canine stomach 
under fasted and fed conditions. In Dunn, R.L. and Ot- 
tenbrite, R.M. (Eds), Polymeric Drags and Delkery Sys- 
ferns, American Chemical Society, Washington, DC, 1991, 
pp. 237-248. 

Wilding, I.R., Davis, S.S., Bakhshaee, M., Stevens, H.N.E., 
Sparrow, R.A. and Brennan, J., Gastrointestinal transit 
and systemic absorption of captopril from a pulsed release 
formulation. Pharm. Res., 9 (1992) 654-657. 

Wilding, I.R., Davis, S.S., Hardy, J.G., Robertson, C.S., John, 
V.A., Powell, M.A., Leal, M., Lloyd, P. and Walker, SM., 
Relationship between the systemic absorption and the 
gastrointestinal transit after the simultaneous oral admin- 
istration of a 20/200 carbamazepine (CBZ) oros and a 
15N-CBZ suspension to healthy volunteers. Br. J. Clin. 
Pharmacol., 32 (1991b) 573-579. 

Wilding, I.R, Davis, S.S., Melia, CD., Hardy, J.G., Evans, 
D.F., Short, A.H., Sparrow, R.A. and Yeh, KC., Charac- 
terisation of the in vivo behaviour of a controlled release 
formulation of levodopa (Sinemet CR). Clin. Neuropharm., 
14 (1991a) 305-321. 


