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Drug	delivery	to	the	colon:	Some	
considerations	from	an	imaging	

perspective	

Colotan	2nd	Symposium,	20	January	2022	

Large	intestine	

Length:	110	-165	cm	
Source:	Wikipedia	
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By	Anatomist90	-	Own	work,	CC	BY-SA	3.0,	https://
commons.wikimedia.org/w/index.php?curid=30356294	

Julio	Murra-Saca,	EL	Salvador	Atlas	of	Gastrointestinal	Video	
Endoscopy,	https://www.gastrointestinalatlas.com	
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Anatomical	variability	

from:	Schiller	et	al.,	Aliment	Pharmacol	Ther.	2005.	22:971-979	
By	©	Nevit	Dilmen,	CC	BY-SA	3.0,	https://commons.wikimedia.org/w/
index.php?curid=68613543	
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fasting 1 h after meal 

Schiller et al., Aliment Pharmacol Ther. 2005;22:971-979 

Anatomical	variability	
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Colon	arrival	transit	times:	
Common	perception	

Davis, Hardy, and Fara

Pellets
Small intestine transit

Single unit Meals

0

Itj *Lw0

0~~~~~~

i~~~~~~I*\ ** *

S1 53 P1 P3 P5 P7 P9 P11 P13 Ti T3 T5 T7 T9 Tl1 T13 T15 Fl
S2 S4 P2 P4 P6 P8 PIO P12 P14 T2 T4 T6 T8 T1O T12 Ti4 T16 F2

Fig. 2 Small intestinal transit ofpharmaceutical dosageforms. Mean±SEM.
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Fig. 3 Small intestinal transit ofpharmaceutical dosage
forms. Mean values ±SD.

(Fig. 3) then there is no statistical difference in
transit behaviour for solutions, pellets and single
units. Not only were the differences between the
various studies small but also the variation of transit
times within a study was reduced for the single units.
Somewhat surprisingly, the mean intestinal transit
values for fasted subjects were not statistically
different from those where the subjects received
meals. It is appreciated that fasted subjects received
a meal about three hours into the study and this
would then change their digestive state. Most
subjects, however, had rapid gastric emptying (<
one hour) in the fasted state.
There was no difference that could be attributed

to age in the small group of elderly subjects
investigated.

Discussion

It has been shown that transit through the small
intestine in healthy subjects is much more consistent
than gastric emptying and it does not appear to be
influenced by the physical state, or the size of the
dosage form, nor by the presence of food in the
stomach. The mean transit time of about three to
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Alimentary tract and pancreas
Transit of pharmaceutical dosage forms through the
small intestine
S S DAVIS, J G HARDY, AND J W FARA
From the Department ofPharmacy, University ofNottingham, University Park, Nottingham, Department of
Medical Physics, Queen's Medical Centre, Nottingham, and Alza Corporation, Palo Alto, California, USA.

SUMMARY The gastrointestinal transit of pharmaceutical dosage forms has been measured in 201
studies in normal subjects using gamma scintigraphy. Solutions, small pellets, and single units
(matrix tablets and osmotic pumps) were administered with different amounts of food in the
stomach, ranging from fasted state to heavy breakfast. Gastric emptying was hiffected by the
nature of the dosage form and the presence of food in the stomach. Solutions and pellets were
emptied even when the stomach was in the digestive mode, while single units were retained for
long periods of time, depending on the size of the meal. In contrast, measured intestinal transit
times were independent of the dosage form and fed state. The small intestinal transit time of
about three hours (mean ± 1 h SEM) has implications for the design of dosage forms for the
sustained release of drugs in specific positions in the gastrointestinal tract.

The main site for the absorption of drugs in man is
considered to be the small intestine, with its high
effective surface area.' Little, if any, drug absorp-
tion occurs from the stomach, although some drugs
are thought to be absorbed to a limited extent from
the large intestine. As a general rule, therefore,
drugs should be formulated so that they can be
largely absorbed from the small intestine.
Ho, Higuchi, and colleagues2 3 have introduced

the concept of the 'reserve length' for drug absorp-
tion. This is defined as the anatomical length over
which absorption of drug can occur, less the length
at which absorption is complete. The reserve length
is dependent on physiological factors, however, such
as bulk flow rate, spreading of the dosage form in
the small intestine and the permeability of the drug
through the intestinal mucosa.

In the pharmaceutical field, the length of time a
dosage form can remain in the small intestine tends
to have been overestimated4; particularly when
consideration is given to controlled release systems
designed to provide 24 hour dosage. In some cases
insufficient attention has been paid to the influence
of gastric emptying, or to the implications of the
studies on the nature and function of the migrating
myoelectric complex,5 and the consequent differ-

Address for correspondence: Professor S S Davis, Department of Pharmacy,
University of Nottingham, University Park, Nottingham.

Received for publication 4 November 1985.

ence in the gastrointestinal transit patterns in
digestive and interdigestive states. Based on recent
physiological studies it could be predicted that a
non-disintegrating single unit dosage form would
remain in the stomach until the end of the fed phase
and then be cleared from the stomach and through
to the terminal ileum by the migrating myoelectric
complex."7 Consequently, small intestinal transit
would be expected to be of the order of 15-2 hours,
provided the interdigestive, or non-fed state was
maintained.6 Solutions of drugs, or pellet formula-
tions of a size less than about 2 mm would be
expected to empty from the stomach during the
digestive phase and have similar small intestinal
transit times to those Yeported for meals - about
two to four hours.6 7

Various reports have considered the gastric
emptying of markers foodstuffs and a variety of
dosage forms.7-10 Factors such as particle size,
calorific values of meals, specific effects of fats,
posture, stress etc, have been well described.
Detailed studies on the transit from stomach to
ileocaecal junction are fewer in number, however.6
Read7 has commented recently that for the most
part gastric emptying and small bowel transit are
independent variables, each being controlled by its
own regulatory mechanisms.

Several methods are available to measure small
intestine transit times.6 These include radiography,
intubation techniques, metabolisable markers (hyd-
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„Dosage	form“:	

•  Solid	triglyceride	(melting	point	>	37	°C;	glycerol	tripalmitate)	

•  Identification	by	1,	2	or	3	incorporated	hydrogel	pellets		

(diameter	2	mm)	

•  Intake	conditions:		

	7	h	(three	dots)	before		imaging	

	4	h	(two	dots)	before		imaging	

	1	h	(one	dot)	before		imaging	

Magnetic Resonance Imaging (MRI)  

Schiller	et	al.	Aliment	Pharmacol	Ther.	2005.	22:971-979	

Colon	arrival	
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Fasting 1 h after meal 

Intake	1	h	before	imaging	
Intake	4	h	before	imaging	
Intake	7	h	before	imaging	

Colotan	2nd	Symposium,	20	January	2022	

Research Paper

Meal-Induced Acceleration of Tablet Transit Through the Human Small Intestine

Hala M. Fadda,1 Emma L. McConnell,1 Michael D. Short,2 and Abdul W. Basit1,3

Received June 28, 2008; accepted October 6, 2008; published online November 4, 2008

Purpose. The transit of dosage forms through the small intestine is considered to be constant at around
3 h, and unaffected by the presence of food. Here we address this assumption and examine how the
timing of tablet and food administration can influence small intestine transit time.
Methods. A non-disintegrating, radiolabelled tablet was given to ten healthy volunteers in a three-way
crossover study using three different feeding regimens (1) fasted (tablet administered on an empty
stomach and food withheld for four hours) (2) fed (tablet administered after food) and (3) pre-feed
(tablet administered 45 min before food). Tablet transit through the gastrointestinal tract was followed
using gamma scintigraphy.
Results. The small intestinal transit times of tablets after fasted and fed dosing regimens were similar,
median 204 and 210 min respectively. With the pre-feed dose, small intestinal transit time was
significantly shorter than in the fasted or fed state at 141 min. With this dosing regimen, in six of the
volunteers tablets were in the upper small intestine when food arrived and these had a median small
intestinal transit time of 100 min.
Conclusions. The timing of food ingestion has a clear effect on small intestinal transit of single-unit
formulations and this has implications for drug bioavailability.

KEY WORDS: gamma scintigraphy; gastrointestinal transit; intestinal flow; migrating myoelectric
complex; modified release; motility.

INTRODUCTION

The small intestine is considered the major site for drug
absorption and as such, its importance in bioavailability is
understood. The rate and extent of absorption from the small
intestine can be influenced by the residence time of the drug
or dosage form. A meta-analysis by Davis et al. (1) using data
pooled from 201 dosage form administrations puts the
average residence time in the small intestine at 3 h irrespec-
tive of dosage form type (tablets, liquids or pellets), and
similar average values have been reported by more recent
studies (2–4). The ability of drugs (5–7) or excipients (8–13)
to modulate intestinal transit is known, but the presence of
food is thought to be negligible (1). However, the Davis meta-
analysis and the majority of other studies only consider two
feeding regimens: (1) fasted in which the dosage form is given
on an empty stomach with food withheld for a number of
hours or (2) fed in which the formulation is taken after food.
These feeding regimens are endorsed by regulatory author-
ities, but they do not necessarily represent how people take

their medicines outside a clinical trial unit. In this study, we
consider the scenario in which people take their medicines
before food. Might the arrival of food in the stomach trigger
physiological mechanisms in the small intestine which alter
the transit of the dosage form? A limited number of previous
studies have considered alternative feeding regimens with
modified release dosage forms and have reported conflicting
effects on transit (14–16). Here, a study was designed
specifically to investigate the timing of food administration
on small intestinal transit. The transit of a non-disintegrating
single-unit dosage form (tablet) was followed in man by
gamma scintigraphy using the typical “fasted” and “fed”
dosage regimens, in addition to a “pre-feed” dose. In this
latter regimen, the tablet was administered to the volunteers
45 min before food, to give this dosage form the opportunity
to empty into the small intestine before the arrival of the
meal.

MATERIALS AND METHODS

Preparation of Non-Disintegrating Tablets

Model placebo tablet cores were produced and coated
with a non-digestible insoluble polymer coating to ensure
they would pass through the gastrointestinal tract intact. The
tablet formulation was prepared by wet granulation as
described previously (17) and the granules compressed using
a single punch tableting machine (Manesty, Speke, UK) to

0724-8741/09/0200-0356/0 # 2008 Springer Science + Business Media, LLC 356
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time of 19 min) and were observed to be in the proximal small
intestine when food arrived. Four tablets emptied after 45 min
(median gastric emptying time of 167 min).

The relationship between gastric emptying time and
small intestinal transit time with the pre-feed regimen is
shown in Fig. 1. The median small intestinal transit time of
those tablets that emptied before the food arrived was
100 min (Table IV) which is significantly different to that
seen in the fasted and fed states (p=0.002). Those that
remained in the stomach until food arrived had a median
transit time of 185 min (Table V) which was similar to that
seen in the fasted and fed states (p=0.9).

DISCUSSION

The rapid gastric emptying in the fasted state is as
expected; non-disintegrating tablets will empty under the
influence of the phase III contractions of the migrating

myoelectric complex (MMC). The MMC cycle (90–120 min)
has four phases, of which phase III has the most intense
continuous contractions (20). The ability of food to interrupt
the MMC is well known (21); the postprandial motor activity
of the stomach comprises steady, low amplitude contractions
(four to five per min) (21). The lower motility in the fed state
helps explain the longer gastric emptying time in the fed state;
tablets rely on ‘fortuitous emptying’ from the fed stomach as
the pyloric sphincter is contracted. Failure to empty by this
means in the fed state results in the tablet waiting for the
return of the fasted MMC and phase III contractions.

The small intestinal transit times for the tablet adminis-
tered without food (fasted) and after food (fed) are statisti-
cally similar; this is what has been described previously (1,
22). The pre-feed dose, which was administered 45 min
before food, shows differences in small intestinal transit.
The time period of 45 min was chosen in order to maximise
the chance of the tablet emptying from the stomach and being
present in the proximal small intestine before food arrived.
This happened in six volunteers. In those other four
volunteers in whom the tablet was still in the stomach at
45 min, the arrival of food interrupted the MMC and delayed
the gastric emptying. In this case, the dosage form may be
effectively experiencing the fed state, and thus behaves
accordingly.

Table III. Gastrointestinal Transit Times of Tablets Administered
with the Pre-feed Regimen

Subject number Transit times (min)

Gastric
emptying time

Small intestinal
transit time

Caecal
arrival time

1 40 72 112
2 12 122 134
3 92 164 256
4 31 134 165
5 198 255 453
6 37 91 128
7 28 120 148
8 163 192 355
9 186 184 370
10 15 148 163
Median 39 141 162
Interquartile range 25–169 115–188 134–360

Table IV. Gastrointestinal Transit Times of Tablets Administered
with the Pre-Feed Regimen in Which the Tablets had Emptied from

the Stomach Before Food Arrived at 45 min

Subject number Transit times (min)

Gastric
emptying time

Small intestinal
transit time

Caecal
arrival time

1 40 72 112
2 12 122 134
4 31 134 165
6 37 91 128
7 28 120 148
10 15 148 163
Median 19 100 130
Interquartile range 14–34 84–124 122–152

Table II. Gastrointestinal Transit Times of Tablets Administered
with the Fed Regimen

Subject number Transit times (min)

Gastric
emptying time

Small intestinal
transit time

Caecal
arrival time

1 80 220 290
2 65 196 261
3 202 213 415
4 170 206 376
5 145 270 415
6 132 214 346
7 162 202 364
8 175 198 373
9 153 243 396
10 134 166 300
Median 149 210 369
Interquartile range 119–171 198–226 298–398

Table V. Gastrointestinal Transit Times of Tablets Administered with
the Pre-feed Regimen in Which the Tablets were Still in the Stomach

when Food Arrived at 45 min

Subject number Transit times (min)

Gastric
emptying time

Small intestinal
transit time

Caecal
arrival time

3 92 164 256
5 198 255 453
8 163 192 355
9 186 184 370
Median 167 185 358
Interquartile range 99–189 166–211 266–395

358 Fadda, McConnell, Short and Basit
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Magnetic Resonance Imaging (MRI)  

Colon	arrival	is	a	function	of	meal	timing!		

Situation	in	Clinical	Pharmacology	(Phase	1	studies)	
•  at	least	10	h	fasting	(over	night)	
•  Volunteer	takes	the	dosage	form	with	1	glass	of	water	(240	mL,	20	°C)	
•  further	fasting	for	at	least	4	h	
•  first	water	intake	after	>	1	h	

Colotan	2nd	Symposium,	20	January	2022	

Garbacz	et	al.	Eur	J	Pharm	Biopharm.	2008		

Plasma	profiles		(24	subjects)	after	administration	of	diclofenac	ER	
tablets	(”Voltaren	retard“)	under	fasting	conditions.	
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5-ASA	plasma	concentrations	(median,	n	=	12)	
after	3	times	dosing	of	3	each	time	3	enteric	coated	tablets	

(Claversal,	total	dose:	4,5	g)	

De	Mey	&	Meineke,	Br.	J.	Clin.	Pharmacol.,	1992	
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Impact	of	stomach	on	deeper	compartments	of	GI	tract	
•  Gastric	filling	influences	the	filling	of	the	colon	
•  Gastro-ileal	reflex	triggered	by	gastric	wall	distension	and	caloric	stimulus	

T2w	MRI	of	gastrointestinal	fluids	20	min	and	40	min	after	
intake	of	240	mL	fructose	solution	

Gastro-ileocecal	reflex	
	

Grimm	et	al.,	Mol.	Pharm.,	2018	
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Gastro-ileocecal	reflex	
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Magnetic Resonance Imaging (MRI)  Colon	transit	
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Magnetic	Resonance	Imaging	(MRI)		Colon	transit	

Colotan	2nd	Symposium,	20	January	2022	

Colon	Transit:	Transit	times	
	

OCT: 			3.9	±	0.7	h		
CTT: 		35.6	±	9.0	h	
WGT: 		39.5	±	8.6	h	
	
(determined	from	fecal	excretion)		

Kolbow	et	al.	J	Clin	Pharmacol.	2015		
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Ileocecal	region:	
•  pH	6.4	-	8	
•  often	stagnation	
•  high	propulsive	forces	

Ascending	colon:	
•  periodically	filled	

with	fluid	
•  transit	time	3	-	5	h	
•  pH	5	-	8	

Transverse	colon:	
•  periodically	filled	with	gas	
•  transit	time	0.2	-	4	h	
•  pH	5	-	8	

Descending	colon		
&	sigmoid	colon:	
•  predominantely	feces	
•  transit	time	5-72	h	

Wilson	Int.	J.	Pharm.	2010	

Colotan	2nd	Symposium,	20	January	2022	



28.01.22	

11	

Colotan	2nd	Symposium,	20	January	2022	

	box:	50%;	whisker:	5-95%;	square:	mean,	asterisks:	max/min	

A	–	fed	state	intake	8.30	am	(n=19)	
B	–	fasted	state	intake	8.30	am	(n=9)		

SmartPill	

Koziolek	et	al.,	JCR,	2015,	Schneider	et	al.	2016	

GET	..	Gastric	emptying	time	
SBTT	..	Small	intestinal	transit	time	
CTT	..	Colon	transit	time	

Colotan	2nd	Symposium,	20	January	2022	

Pellet (1mm) 
 

Start of  
video 

sequence:  
20 min 

after lunch 
 

Real time 

Anschütz et al., Int. J. Clin. Pharmacol., 2009 

Meal	intake	and	colon	transport	
(mass	movement)	
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Drug	absorption	from	colon	

0 24 48 72 96
0

30

60

90

120

150

180

su
lfa

py
rid

in
e 

(n
g/

m
l)

time (h)

Absorption	of	sulfapyridine	
(after	bacterial	cleavage	of	sulfasalazine)	

Gunzburg	et	al.,	J.	Clin.	Pharmacol.,	2014	
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Drug	absorption	from	colon	
Some	drugs	are	well	absorbed	from	ascending	colon/caecum	

For	example:	

-	Dclofenac	

-	Prednisolone	

-	Ibuprofen	

-	Metoprolol	

-	Nifedipine	

-	Rivastigmin	

-	Theophyllin	
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Drug	absorption	from	colon	
Absorption	from	transverse	colon?	

Absorption	from	descending	colon?	

Colotan	2nd	Symposium,	20	January	2022	

Colon	imaging:	Hurdles	
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Going	down	the	intestines:	
Problems	are	arising	

	
•  Colonic	tracking	is	mostly	
impossible	with	T1-markers	as	
fecal	signal	intensity	is	typically	
higher	than	signal	derived	from	
contrasting	agent		

Colotan	2nd	Symposium,	20	January	2022	

Improvement	of	labelling	technique	for	
colon	imaging	

" Switch	to	black	iron	oxide	(food	additive	E172)	
	

•  Disadvantage:	
Drug	delivery	system	is	no	longer	not	visible,	only	the	artifact	
(“black	hole”)	
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Pritchard et al. (2014) Neurogastroenterol Motil 

Manual	quantification	method	for	
colonic	volumes	including	gas!	

Identifcation	and	quantification	of	colonic	
contents	

Colotan	2nd	Symposium,	20	January	2022	

Nilsson et al. (2015) Neurogastroenterol Motil 

Semiautomatic	quantification	
method	for	colonic	volumes	
including	colonic	walls	and	gas!	

Identifcation	and	quantification	of	colonic	
contents	
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Murray et al. (2017) Molecular Pharmaceutics 

Identifcation	and	quantification	of	colonic	
contents	


