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Abstract

In the early part of the present chapter the
principles of gamma scintigraphy and
neutron activation are briefly reviewed.
Scintigraphic data from human subjects
are presented which throw light on the
in vivo behavior of enteric coated
multiparticulates dispensed in hard gelatin
capsules (HGC). The influence on the
mode of release, from a HGC, of a water
soluble substance versus enteric coated
multiparticulates is described. The effect
of density and size of single unit dose and
multiparticulate formulation on their in vivo
performance is described. Attempts are
made to help the pharmaceutical
formulator to make decisions on
the choice of formulating a drug in
a multiparticulate or a single unit
dosage form.
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The present communication* will emphasize the
great usefulness of gamma scintigraphy and neu-
tron activation techniques in the in vivo assessment
of the performance of orally administered formula-
tions. These techniques, in conjunction with blood
level data, have been proven to be quite powerful
since their first utilization in our laboratories (1-3).

A brief outline of this presentation will include:

I. Short description of gamma scintigraphy and
neutron activation techniques.

II. General information:

a. In vivo behavior of orally administered multipar-
ticulates and tablets.

b. Inherent properties of enteric coated versus non-
coated formulations.

Ill. Specific examples:

a. Plasma levels of erythromycin from enteric coa-
ted multiparticulates and tablets in man.

b. Comparison of the gastro-intestinal tract behavior
of the above two erythromycin formulations after 
simultaneous oral administration in human subjects.

c. Additional examples dealing with multiparticulates
and tablets of drugs such as phenylpropanolamine
and others.

IV. Concluding remarks on the present status
of the field.

I. Short description of
gamma scintigraphy and
neutron activation techniques.

The underlying principles of gamma scintigraphy
can be briefly explained as follows; radiation pho-
tons arising from a gamma-emitting radionuclide, in-
corporated into a formulation, strike the Nal crystal
of a gamma-camera detector head. The resultant
flash of light is then detected by photomultiplier
tubes. The "information" acquired by the tubes is
displaced on a cathode ray oscilloscope and is digi-
tized so that it can be stored on a magnetic disc.
Thus, quantitative image processing can be perfor-
med (4). Using this technique the in vivo behavior of
two different dosage forms can be monitored simul-
taneously (4).

Conventional radiolabeling techniques which uti-
lize technetium-99m and/or indium-111 suffer from
the following disadvantages: (a) they are applicable
to relatively simple dosage forms, and (b) are limited
to labeling small laboratory batches. In contrast, the
neutron activation (NA) technique involves the incor-
poration of a stable isotope into a pharmaceutical
formulation prior to manufacturing (3). Subsequently
the intact dosage form is radiolabeled by subjection
to neutron activation utilizing a nuclear reactor.

The utilization of neutron activation requires ap-
propriate choice of a stable isotope to be incorpora-
ted in a pharmaceutical dosage form. The parent
stable isotope should exist in high natural abun-
dance or be available in an enriched form, should
possess a high neutron capture cross section and
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must be non-toxic and be chemically inert. The
daughter (radioactive) isotope, which results after
neutron bombardment of the parent isotope, (a)
must have a relatively short half-life (2 h to 3 days),
(b) should be a gamma emitter with an energy of
100 to 300 keV, and (c) should decay to a stable
non-toxic isotope (5).

According to the neutron activation equation (5)
the amount of radioactivity that is generated after
neutron bombardment is dependent on: the number
of target atoms, the neutron flux density, the irradia-
tion time (ti), the decay time (dt), the thermal neutron
capture cross section (σ) and the decay constant of
the produced isotope (λ). The σ and λ parameters
and dt dictate the choice of the isotope to be utili-
zed in radiolabeling a dosage form.

It has been found that erbium 170 (Er-170) 
(σ = 5.8 barns) and samarium-152 (Sm-152) (σ 208
barns) best satisfy the above requirements. When
neutron activated they produce Er-171 (t1/2 7.52 h,
γ = 308, 296, t1/2 keV) and Sm-153 (t1/2 46.7 h,
γ = 103 keV). The energies of emission of these ra-
dion clides fall within the 100-300 keV requirement
and produce excellent images with a gamma camera.

To date, several pharmaceutical preparations
have been labeled by NA techniques (15-50 s bom-
bardment) which were proven to exhibit the same
dissolution and disintegration profiles as the non-ir-
radiated dosage forms (3, 6-9).

II. General information

a. In vivo behavior of orally administered
multiparticulates and tablets.

In the early seventies we were able to covalently
attach triethylenetetramine to insoluble, non-degra-
dable polystyrene beads, possessing a diameter

range of 0.15 to 0.42 mm (2). These beads were
found to form a stable complex with the radionu-
clide Tc-99m at a pH range of 1.2 to 7.2 (10, 11).

Oral administration of the radiolabeled polysty-
rene beads with a light breakfast (composed of an
oatmeal cereal) to humans showed that after a brief
period of stasis (approximately 10 min) the beads
emptied from the stomach in a monoexponential fa-
shion (Fig 1) (2). The slope of the straight line resul-
ting from the plot of natural logarithmic counts in
the entire stomach versus time, represented the
time taken for 50 % of the beads to empty from the
stomach (2). The slope of the line has been consi-
dered to characterize the gastric emptying time
(GET) of a subject. This simple definition of gastric
emptying time has been adopted by several labora-
tories and clinical departments.

Polystyrene triethylenetetramine

Figure 1. Semi-logarithmic plot illustrating the rate of
clearance of radioactive beads (polystyrene triethy-
lene tetramine-Tc-99m) from the stomach of a nor-
mal human male subject (GET1/2 = 45 min). The
beads (0. 15-0.42 mm in diameter and d = 1. 2)
were administered dispersed in an oatmeal cereal
breakfast (1).
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Utilizing out the above mentioned multiparticulate
radiopharmaceutical preparation the GET for normal
subjects was found to range from 45-85 min (13).
Gastric emptying times were found to be delayed in
patients with diabetes mellitus and most unusually
long in individuals suffering from diabetic gastroen-
teropathy (13-15).

Oral administration to human subjects of the
above described polystyrene-triethylenetetramine -
Tc-99m labeled beads (0J5-0.42 mm in diameter,
and density of 1.2) in a hard gelatin capsule provi-
ded a model for the in vivo behavior of enteric coa-
ted multiparticulate formulations. Indeed, when the
labeled beads were administered to volunteers on
an empty stomach, release of the beads from the
gelatin capsule began at 30-40 min after ingestion
(Fig. 2b) (1). On a full stomach, the same subjects
exhibited much longer times (93-120 min) for initial
release of the contents (1). In all cases, the capsule
appears to remain stationary and the capsule
contents disperse immediately to the other regions
of the stomach after the initial release of the beads.
The relatively large (0.15-0.42 mm) insoluble poly-
styrene particles disperse into the stomach only af-
ter major collapse of the capsule walls, a rather
lengthy process (1).

In contrast to the above, when the gelatin cap-
sule was filled with a water soluble formulation (prin-
cipally using lactose as a filler, and the soluble che-
lating agent, etidronate sodium (labeled with

Tc-99m), was administered on an empty stomach
the initial release of the radioactivity occurred rapidly
(6 min) (Fig. 3) (12). Considerable swelling of the
capsule was also observed before the release (2,
12). The decrease of radioactivity from the capsule
region indicated a gradual loss of its contents (Fig.
3). At this point, a sharp break in the curve, repre-
senting counts in the capsule region, indicated vir-
tually complete disappearance of radioactivity from
the capsule. The relatively rapid release of the wa-
ter-soluble formulation occurs because the gastric
juices gain access to the interior of the capsule via a
small orifice and/or diffusion through its walls. These
findings are consistent with the previously reported
observation that increasing the water solubility of a

Figure 2a. Scintiphotos showing two computer
areas of interest within the stomach of a human
subject. Key: 1, area of interest over a hard gelatin
capsule; and 2, area of interest over the pyloric re-
gion of the stomach, after dispersal of polystyrene
beads (1). Figure 2b. Graphic display illustrating release of ra-

dioactivity from a hard gelatin capsule, filled with in-
soluble radiolabeled polystyrene beads (0. 15-0.42
mm in diameter and d = 1.2), in the human sto-
mach (fasted conditions).
Key: open diamonds represent disappearance of
radioactivity from the capsule (area 1, Fig. 2a); and
closed circles representing concomitant appea-
rance of radioactivity in the pyloric region of the sto-
mach (area 2, Fig. 2a) (1).
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formulation will increase its rate of release from a
gelatin capsule (16, 17). It is also known that par-
ticle size and type of diluents or fillers used in va-
rious formulations can drastically affect the rate of
their release from gelatin capsules (18).

Recent studies in our laboratories concentrated
in further exploration of the in vivo behavior of com-
mercially available multiparticulate formulations. The
effect of density on the rate of the downward migra-
tion of beads in the GI tract of human volunteers
was studied. Two batches of beads (0.6-0.7 mm)
covered with an insoluble water-permeable polymer
("onion-skin" type) were prepared in an identical
manner but with densities of 1.0 and 1.3. The two
batches were radiolabeled with two different radio-

Figure 3. Plot of the release of radioactivity from a
gelatin capsule in the human stomach fasted using
a labeled water soluble formulation. Key: closed
diamonds represent disappearance of radioactivity
from the capsule region; and closed circle, conco-
mitant appearance of radioactivity in the pyloric re-
gion of the stomach (12).

Figure 4. Mean residence time of water insoluble
beads (0.6-0.7 mm in diameter) in selected 
regions of the gastrointestinal tract in man (n = 10)
as a function of specific gravity (Heavier beads 
(d = 1.3) were labeled with TC-99m and lighter 
(d = 1.0) with 111In).
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nuclides (one with Tc-99m and the other with In-
111). When the two types of beads were administe-
red simultaneously to each of the ten fasted sub-
jects they exhibited identical residence times in the
various segments of the GI tract (Fig. 4). Additio-
nally, the time of the arrival at the ileo-cecal junction
was indentical for both types of beads (270-320
min) (Fig. 5).

The results from several laboratories which follo-
wed this initial study can be summarized at this
point.

Multiparticulates with particle size ranging from
0.1 to 3 mm and possessing densities from 1-3 ap-
pear to exhibit identical gastric emptying rates un-
der fasted conditions. Bigger particles (3-5 mm)
with densities above 3 are suspected to empty at a
slower rate from the stomach under fed conditions
(19). Such studies are currently in progress in our 

laboratories. It is our opinion that although such
claims have been made in the literature, no defini-
tive studies have been conducted to fully prove the
above hypothesis. The small number of subjets in-
volved and the method of labelling of multiparticu-
lates which may not be considered relevant to ac-
tual pharmaceutical preparations casts doubts on
the findings of these studies (20).

It is our experience that on an empty stomach no
differences between heavy and light pellets can be
observed (21). Claims have been made, however,
that light (density of 0.86) particles (10 x 6 mm in
size), exhibit delayed gastric emptying under fed
conditions. Similar claims have been made for os-
motic pump devices (Osmets) with a 25 x 7 mm
size. In a study involving only four subjects it was
shown that gastric retention of these pumps ap-
pears to be prolonged by food intake (19).

Figure 5. Plot of counts per minute at the ileo-cecal junction region of human subjects versus time for TC-
99m radiolabeled beads (density = 1.3)
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In general, it can be said that multiparticulates
empty gradually and to some extent predictably
from the stomach (22-23). Up to about 2-3 mm

they appear to be small enough to pass through the
contracted pylorus. In this connection, it can be
said that, the claimed critical size of 2 mm is not ab-
solute and needs further investigation in humans.
Larger units (12 mm) stay in the stomach from
50 min to 10 hours, after a light meal, and are less
predictable with regard to their gastric retention
times under fed conditions (24).

The influence of food on larger particles, (tablets
12-14 mm) has recently been studied in our depart-
ment (25). It was found that in five out of eight fed
subjects a radiolabeled sustained-release tablet of
ibuprofen (800 mg) remained in the stomach and
eroded slowly over 7-12 hours resulting in gradual
increases in small bowel radioactivity. In three out of
the total eight fed subjects, however, the intact ta-
blet was ejected from the stomach in about 4 hours
(25). This is in marked contrast to a similar study in-
volving fasted volunteers in which gastric retention
times of the sustained-release tablet ranged from
10-16 min (26).

Interestingly, in the first five subjets, with prolon-
ged gastric retention, the bioavailability of ibuprofen
from the above tablets was approximately equal to
that obtained with the three subjects who exhibited
rapid gastric emptying times (Fig. 6) (25).

Figure 6. Average ibuprofen serum concentrations (from a tablet) versus time plots for five subjects with pro-
longed gastric emptying (closed circles) and three subjects with rapid gastric emptying (25).

Figure 7. Correlation of observed time of in vivo
disintegration of a 325 mg paraacetaminophenol
(APAP) tablet to the time of the first detectable level
of the drug in blood (27).
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In two independent studies it has been shown by
scintigraphy techniques, that the in vivo disintegra-
tion of a tablet is linearly related to the time of the
first detectable level of the drug in blood (27, 28)
(Fig. 7). This correlation has been shown to be true
with p-acetarninophenol (acetaminophen) (27) and
5-aminosalicylic acid (28). Both of these drugs are
believed to be absorbed throughout the GI tract.
This relationship has not, as yet, been shown to be
true for drugs exhibiting a narrow "window" of ab-
sorption. The data obtained so far, emphasize that
the in vivo disintegration of a novel dosage form
may dramatically influence the blood concentration
profile of a drug. This is a good illustration of how
gamma scintigraphic techniques can help in the de-
velopment of novel and efficacious oral drug deli-
very system.

Recent data from our laboratories show that the
complete in vitro disintegration of controlled release
tablets is usually faster than their in vivo dispersion
by approximately a factor of four (29) (Fig. 8). This is
not always true and is dependent of the condition

and physiology of the patient's stomach at the time
of ingestion of the tablet. Of importance is our ob-
servation that the slower releasing tablets usually
survive longer as a single unit in the fed stomach
and, thus, tend to exhibit a longer residence time in
the stomach.

b. Inherent properties of enteric coated
versus non-coated formulations.

We must pay special attention to the residence
time of dosage form in the stomach. This is, of
course, of importance for drugs that are acid sensi-
tive and more significantly for drugs that are absor-
bed from a limited segment of the upper small in-
testine. Toward this end, we felt that gamma
scintigraphy provides opportunity to examine the in
vivo performance of several polymers used as ente-
ric coating agents. Our findings showed that with
some polymeric enteric coating materials, the lon-
ger the gastric residence time of the tablet the lon-

Figure 8. In vitro and in vivo correlation of 100 % disintegration of a controlled release tablet
(lR = immediate release; MSR = moderately slow release; SR = slow release).



ger was its in vivo dissolution time. Alternatively, the
opposite could be observed with other polymeric
enteric coating agents. Thus, for example, with
these novel materials the longer the mean residence
in the stomach of the enteric coated tablet, the fas-
ter was its in vivo mean dissolution time.

In the case of an enterically coated erythromycin
multiparticulate formulation, the shorter the mean
residence time in the stomach of the erythromycin-
containing beads, the higher the bioavailability of
the antibiotic. A possible explanation for this obser-
vation will be given later. It is important to mention
at this point the fact that in the case of fed studies a
single unit dosage form may stay in the stomach for
as long as 12 hours. In such a case the chemical
effects of the enteric coating may be so pronoun-
ced that bioavailability may be impaired. Thus, the
prudent formulator must conduct in vitro studies in
which the dosage form is immersed for at least
12 hours in a milieu of pH 1.2. Subsequent to this
time, the dosage form must be washed thoroughly
and then studies may commence on drug release in
a neutral environment (pH 7.2).

The following statements summarize some im-
portant observations that have been made by exter-
nal scintigraphic techniques.

Non-disintegrating particles (0.6-3 mm) empty
monoexponentially from the stomach under fasted
conditions. Under these conditions the beads are
less dispersed in the stornach and exhibit a gastric
emptying time (GET t1/2) of 45-80 min in man. Un-
der fed conditions multiparticulates spread extensi-
vely in the stomach and exhibit longer gastric emp-
tying times (up to 180 min with a light meal and
even longer with a heavier meal).

Administration of food, prior or simultaneously
with a dose of multiparticulates causes more sprea-
ding of the pellets than under fasted conditions.

Ingestion of food 30 min before administration of
a dosage form causes an increase in the residence
time of multiparticulates or a tablet in the stomach
(1, 25, 44).

In contrast, food administration 30 min after oral
dosing, results in more uniform gastric emptying
times of the multiparticulates and tablets and de-
creases their transit time through the small intestine.

Prolonged gastric retention of enteric coated do-
sage forms often leads to physical and/or chemical
alteration of their polymeric coatings. This results in
a faster or slower release of the drug in the upper
intestine (pH > 5.5) and consequently affects its bio-

availability. This, coupled with variable gastric emp-
tying, is a major reason for the inconsistent in vivo
behavior of enteric coated formulations and the fre-
quent lack of in vitro to in vivo correlation with ente-
ric coated formulations. As mentioned previously,
because multiparticulates (up to 3 mm) can exit
from the contracted pylorus (due to the presence of
food in the stomach) these will exhibit a relatively
shorter gastric residence time. Consequently less
variable blood levels are obtained, under fed condi-
tions, with multiparticulates than with single unit do-
sage forms.

To benefit from the above mentioned beneficial
property of multiparticulates they must be formula-
ted in a rapidly disintegrating hard gelatin capsule.
This is because the human stomach recognizes a
gelatin capsule as a single unit dosage form.
Consequently, rapid dispersion of the beads from
the gelatin capsule is an important requirement par-
ticularly, under fasted conditions.

Ill. Specific examples

a. Plasma levels of erythromycin from
enteric coated multiparticulates and
tablets in man

Erythromycin pellets (1.5-2 mm diameter pellets
of Eryc II) were prepared by the manufacturer follo-
wing identical procedures as the commercial pro-
duct but with the addition to the formulation of
12.8 % w/w of naturally occurring samarium oxide
(26.7 % Sm-152) (9) or 0.67 % w/w of erbium oxide
(Er-170) (8).

Sm-152 containing pellets were irradiated in a
nuclear reactor, with neutrons, for 33 sec. to pro-
duce the radioactive Sm-153 pellets (103 keV) (t1/2
= 46.7 h) with 10µCi per pellet 24 h after irradiation.

Dissolution tests were performed to verify that
the erythromycin content of the irradiated pellets
was the same as in non-irradiated virgin pellets. Ex-
tracted erythromycin from the irradiated pellets was
analyzed microbiologically and found to be unaffec-
ted by the neutron activation treatment (8).

Five of approximately 320 unlabeled erythromy-
cin enteric coated pellets in a capsule were repla-
ced with 5 radiolabeled pellets. Thus, each capsule
contained 250 mg of erythromycin base, including
five Sm-153-labeled pellets with a total radioactivity
dose of 50 µCi. By following the five radiolabelled
beads, the site and time of disintegration within the
GI tract could be determined (9).

10
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Seven healthy volunteers were fasted for a mini-
mum of 9 h. A single 250 mg erythromycin capsule
was administered with 200 mL of H2O. Food was
restricted: 100 mL of H20 was permitted at 2 h
post-dose; ad libitum H20 intake was allowed at 4 h
post dosing; a standard meal was served 8 h post-
dosing (9).

Same procedure was followed in the FED mode
with the exception that a standardized breakfast
was ingested 30 min after administration of the cap-
sule/tablet. Supine subjets were then monitored
(anterior dynamic) by a gamma scintillation camera.

Subjects were scanned continuously during the
first 60 min then for 10 min at 30 min intervals up to
6 h, and after 6 h post-dose for 10 min at 1 h inter-
vals to 12 hours. This imaging procedure allowed
accurate determination of the anatomical position of
the beads in the GI tract from stomach to colon.
Blood samples were withdrawn and the plasma
analyzed microbiologically.

The Sm-153 labeled 250 mg erythromycin gela-
tin capsule formulation described above, was admi-
nistered orally to each of seven healthy volunteers
under fasted and non-fasted conditions. When the
anatomical position of the beads in the GI tract was
correlated to the resulting blood levels of the anti-
biotic, the following observations could be dedu-
ced:

1) At the end of the second hour after ingestion of
the beads, 30 out of 35 pellets persisted under
fasted conditions (Fig. 9), while only 15 out of 35
beads could be detected at that time under non-
fasted conditions (Fig. 10). (It should be noted
that 5 radiolabeled beads were introduced in
each capsule. A total of 35 beads were therefore
administered to 7 subjects). The results clearly
showed that under fasted conditions, these ente-
ric coated beads persisted for a longer period of
time than under non-fasted conditions (Fig. 9 ver-
sus fig. 10),

2) All pellets exited from the stomach intact under
fasted or non-fasted conditions. This showed
that the enteric coating of the beads was appro-
priately formulated.

3) The time to reach maximum (tmax) concentrations
of erythromycin was 3 h under fasted conditions
(Fig. 9) while under non-fasted conditions the tmax
= 2 h (Fig. 10).

4) The bioavailability of the erythromycin from the
pellets and its maximum plasma concentrations
(Cmax were considerably greater under fasted
conditions) (Fig. 16).

5) The first detectable plasma levels of erythromycin
were registered at 1.4 h after administration of
the capsule under fasted conditions. Earlier times
(0.8 h) of first detection were achieved under
non-fasted conditions.

Figure 9. Fasting subjects (n = 7): mean number of
radiolabeled pellets per anatomical region, correla-
ted with plasma erythromycin concentrations follo-
wing single 250 mg doses of erythromycin cap-
sules, as a function of time (9).

Figure 10. Nonfasting subjects (n = 7): mean num-
ber of radiolabeled pellets per anatomical region,
correlated with plasma erythromycin concentrations
following single 250 mg doses of erythromycin as a
function of time (9).
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Figure 11. Individual and mean erythromycin concentration/time curves following a 250 mg oral dose
(free base) from an enteric coated multiparticulate formulation (9).
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6) Interestingly, the majority of the beads were loca-
ted at the jejunum and proximal portion of the
ileum at the time (1.4 h) of the first detection of
erythromycin. This indicated that the site of ab-
sorption of erythromycin from this formulation is
the jejunum and the upper portion of the small in-
testines.

7) The pronounced shift toward later times in the
bioavailability curve of erythromycin and its grea-
ter magnitude, under fasted conditions (Fig. 16),
are in direct contrast with observations quoted in
the literature where "dumping" of the drug (theo-
phylline) from a controlled released multiparticu-
late was noticed. The later phenomenon was at-
tributed to the possible interaction of digestive
enzymes, bile secretions and pancreatic fluid with
the formulation. This appears to have resulted in
an enhanced bioavailability of theophylline follo-
wing a heavy meal.

b. Comparison of the gastrointestinal
tract behavior of enteric coated
formulation with an enteric coated tablet
after simultaneous administration

Plasma concentrations of erythromycin arising
from the enteric coated multiparticulate formulation,
showed that in each subject studied, the erythromy-
cin plasma levels were considerably higher than 
the minimum inhibitory concentration (MIC) for the
antibiotic under fasted and nonfasted conditions
(Fig. 11).

In contrast, however, when an equivalent dose of
erythromycin (250 mg) was administered in a enteric
coated tablet form, in 50 % of the subjects the anti-
biotic failed to achieve the MIC under nonfasted
conditions (Fig. 12). In those patients who exhibited
poor plasma levels of the antibiotic, a rapid transit

Figure 12. Individual erythromycin concentration/time curves following a 250 mg (free base) oral dose
from an enteric coated tablet.
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of the tablet through their upper GI tract was obser-
ved. Thus, for example, in one volunteer the tablet
reached the cecum in 45 min before it disintegra-
ted. Those tablets that reached the cecum intact
exhibited long disintegration times in that region.
Blood level profiles of erythromycin resulting from
the administration of an enteric coated tablet under
fed and fasted conditions seemed to exhibit the
same differences as in the case with the enteric
coated multiparticulate formulation (Fig. 13). Here
again the Cmax appeared earlier in the case of the
fed mode (Fig. 13). The bioavailability, however, of
the antibiotic appeared to be almost equal under
fasted or fed conditions. In a separate study an ery-
thromycin-containing enteric coated tablet (250 mg)
was co-administered with a hard gelatin capsule
containing 320 enteric coated beads. The latter
contained Sm152 but no erythromycin and were
identical in composition with the multiparticulate for-
mulation described above. The tablet was labeled
with indium-111. Gamma scintigraphy confirmed
that the multiparticulate formulation (beads) emptied
from the stomach gradually and predictably within
two hours. The tablet however, exhibited large intra-
patient variation with regard to its gastric emptying
time. Erythromycin blood levels resulting from the
administration of the tablet were compared to those
obtained from the study with the beads containing
erythromycin. Figure 14 shows the erythromycin
plasma levels resulting from the multiparticulate for-
mulation were considerably higher under fasted

Figure 13. Erythromycin mean concentration/time
curves (fasted versus fed) following a 250 mg (free
baseforal dose of an enteric coated tablet.

Figure 15. Release of phenylpropanolamine from 3.
1- and 12.5 mm-diameter HPMC matrices. Key:
open circle, 3. 1 mm, pH 7; closed circle, 12.5 mm,
pH 7; open triangle, 3.1 mm, pH 1; closed triangle,
12.5 mm pH 1 (24).

Figure 14. Erythromycin mean concentration/time
curves (fasted and fed) following a 250 mg (free
base) oral dose of an enteric coated multiparticulate
formulation versus a single enteric coated tablet
(250 mg, free base).
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conditions than those obtained from the tablet. In
the fed mode, however, the bioavailability of erythro-
mycin from the multiparticulate was not appreciably
different than from the tablet. However, when the in-
dividual plasma levels of the antibiotic are compared
(Fig. 11 versus Fig. 12) it can be seen that the
plasma levels of erythromycin from the tablet are
highly variable under fed conditions and in fact, in
some cases failed to reach the minimum inhibitory
concentration. This was attributed to the rapid tran-
sit of the tablet through the upper GI tract.

c. Additional examples of in vivo pellet
behavior versus tablet

S.S. Davis and colleagues (24) have recently pu-
blished the results of a study that compared the in
vitro and in vivo release of phenylpropanolamine
from twenty pellets (3.1 mm in diameter) and one
12.5 mm-diameter hydroxypropylcellulose (HPMC)

single unit matrix. It was found that the in vitro
release of the drug was identical from the two for-
mulations at pH 7.0 (Fig. 15). In contrast at pH 1.0
the release of phenylpropanolamine from the small
pellets (3.1 mm) was more rapid than from the
single unit matrix (Fig. 15). When the above mentio-
ned two formulations were administered orally to
eight volunteers, 30 min after a light breakfast, the
following observations were made:

1) The multiple units (pellets) emptied from the sto-
mach gradually over a period of 180 min.
The single unit dosage formulations exhibited ex-
tremely variable grastric emptying times (GET).
These varied from 60-570 min (24).

2) The intestinal transit times of both formulations
were found to be similar.

3) Despite the GET differences of the two formula-
tions the bioavailability of phenyl propanolamine
from these dosage forms was not significantly dif-
ferent (Fig. 17).

Figure 16. Mean plasma concentrations (pglml) (multiparticulate formulations in a hard gelatin capsule) of
erythromycin following single 250 mg oral doses under fasted and nonfasted conditions, as a function of
time (9).
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4) The differences in the blood level profiles was at-
tributed to differences in the in vitro rates of 
release of the drug at low pH and not to their
substantially different GET. The fact that the bio-
availability of the drug was similar from the two
formulations was attributed to the fact that this
molecule is absorbed throughout the major por-
tion of the GI tract.

IV. Concluding remarks

In conclusion, the choice of formulating a drug in
a multiparticulate or single unit dosage form must
be based on:

a) the site of drug absorption in the GI tract ("narrow
window" or not)

b) the susceptibility of the drug to gastric juice (en-
teric coating)

c) the intended site of drug delivery in the GI tract

d) the nature of polymeric coating on the dosage
form.
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Figure 17. Mean serum phenylpropanolamine
concentrations plotted against time for two HPMC
matric formulations. Key: open circle, 3.1 mm ma-
trices; closed circle, 12.5 mm matrices. Mean ± SE;
N = 6 (24).
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