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ABSTRACT

In vivo drug release and absorption in the gastrointestinal tract are governed by a complex
process subject to many variables. Extensive efforts were spent in studying the durg and manipula-
ting the excipient and mechanical design of the formulation but little is known regarding the physi-
ological factors that influence the release and absorptive processes.

Understanding of the behavior of formulation inside the GI tract has been made by gamma
scintigraphy using a single isotope. However, the technique is suffering from several limitations : (1)
anatomical location of the object is difficult to determine; (2) quantification of radioactivity is dif-
ficult due to tissue attenuation and movement of isotope; (3) cannot distinguish between a radionu-
clide present as a solid or as a solute; (4) preparation of the radiolabeled dosage forms are pro-
blematic; and (5) neither the drug nor the excipients can be labeled with nuclide. These problems
can be partly alleviated by using dual isotopic, geometric mean measurement, perturbed angular cor-
relation, neutron activation, and pharmacokinetic techniques. Combining several scintigraphic tech-
niques with pharmacokinetics can drastically improve the quality of the data. Thus, the term
pharmacoscintigraphy was coined.

The application of pharmacoscintigraphy can be further supplemented by other techniques such
as stable isotope with gas chromatography-mass spectrometry, pH monitoring and gastrointestinal
intubation. Those techniques can be used either independently or simultaneously with pharma-
coscintigrapby to provide us with a full picture of durg release and absorption in humans.
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thods 1n the field of pharmacokinetics have been

INTRODUCTION developed for determining in vivo absorption

rate ' ™%, Unfortunately, these methods are ba-

In vivo drug release and absorption from sed on the appearance of drug in the systemic

its oral formulation 1s important in the field of circulation and only can provide indirect infor-

drug development. Absorption can determine the mation regarding drug release and absorption in
time course of pharmacological action, whereas the gastroimntestinal (GI) tract.

durg release can drastically affect the rate of Once a drug 1s adminstered, 1ts release and

drug absorption. Numerous mathematical me- absorption from the GI tract are governed by a
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complex process subject to many variables. The
physico-chemical characteristics of a drug and
the disign of pharmaceutical formulation are key
determents. Pharmaceutical scientists spend ex-
tensive efforts in studying the drug and
manipulating the excipient and mechanical de-
sign of the formulation. However, little 1s known
of the physiological factors that influence the re-
lease and absorption processes. Therefore, the
development and design of the dosage form are
usually empirical.

Over the past 10 years, significant contri-
bution to the understanding of the behavior of
formulations inside the GI tract has been made
by the advent of external gamma scintigraphy.
Combining scintigraphic and pharmacokinetic
techniques (termed pharmacoscintigraphy) fur-
ther advances our knowledge on how the drug
and its formulation interact with the GI environ-
ment. Another factor of interest is how long the
formulation remains in that environment where
drug release and absorption can take place. This
report briefly reviews the historical development
and current applications of pharmacoscinti-
graphy in the field of drug delivery.

METHODOLOGY DEVELOPMENT

I . Classical Single Isotopic Scintigraphy

The technique of gamma scintigraphy 1S
well established within the field of nuclear medi-
cine to monitor pathological conditions such as
brain, thyroid, adrenal, pulmonary, renal and
hepatic functions ©°®", When the technique is ap-
plied to study the in vivo behavior of dosage
forms, a small amount of radionuchide (e.g., Tc-
99m, In-111, In-113m, I-123, 1-125 and I-131) 1s
incorporated into the formulation. The behavior
of the formulation can then be monitored by ex-
ternal gamma camera. The gamma camera con-
sists of a detector linked to a computer. The 1m-
age of radioactivity distribution within the field
of view i1s stored as a pixel matrix on a mini-
computer for later analysis. Gamma camera 1m-
aging can be carried out by using either static

imaging, in which single acquisitions are stored,
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or dynamic imaging, in which a sequence of

data of varying frame time can be obtained. The
latter technique 1s used to tollow rapid processes,
such as drainage of an aqueous formulation
from the stomach. For in vivo dosage torm
evaluation, both 1maging techniques may be
used.

An 1mportant advantage of scintigraphic
technique is that the field of view can be
arbitrarily divided up into areas, and then the
amount of isotope within these areas can be
quantified, and hence the distribution of the
radioactivity in the GI tract can be followed.
The technique was first used to study the be-
havior of capsule in vivo in 1977 7, To date,
gamma scintigraphy has been used to investigate
the behavior of a wide variety of dosage forms
such as solutions, small pellets, single unit ma-
trix tablets, and osmotic pumps ® 12 The tech-
nique has also been applied to other areas such
as the in vivo behavior of buccal formulation 2
). suppositories ¥, enemas '°7!7 esophageal
transit of tablets and capsules''®!'® ocular drug
delivery ?9, intravaginal administration of mi-
crospheres *!), nasal sprays *?’, and aerosols *°:
24).

The classical scintigraphic procedure for
oral dosage form is simple but suffers from the
following hmitations and drawbacks:

( 1). Anatomical location of the object is difficult
to determine.

The anatomical position of the GI tract is
relatively easy to identify especially when so-
lution - formulation is used. Stomach can be
identified when the solution is first administered
and large intestine can be identified because of
its unique shape. However, for non-disintegra-
ting dosage forms, identification of the object’s
position in the GI tract becomes difficult. An
external marker can serve as a common re-
ference point to facilitate the identification of
the object in the GI tract by comparing images
taken at different times.

The small intestine 1s convoluted, folding
back on itself, and hence the position cannot be
accurately identified. The limitation can be over-
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come by using a sophisticated 3-dimensional
technique ). The 1mages were taken from the
front and the side, and then one can construct a
three dimensional coordinate geometry to calcu-
late the position of the dosage form. Images
were aligned by placing a square array of mar-
kers visible in each image. Because of its com-
plicated procedure, the use of this method 1s not
widespread.

(II). Attenuation of radioactivity by various ti-
ssues and movement of the isotope in the
anterior-posterior plane.

Attenuation 1s a problem for low-engergy
gamma emitters. Air does not attenuate gamma
rays, but various tissues attenuate to a variable
degree. The combination of attenuation and
movement of the isotope in the anterior-poste-
rior plane within the body produces a significant
error. Calculation of the geometric mean of
anterior and posteior counts allows a partial

correction for this error 4927,

Hard gamma
emitters such as In-113m do not have the pro-
blem of attenuation, but the counting efficiency

1s lower.

(). The technigue cannot distinguish between a
radionuclide present as a solid or as a solute.
Since the nuclide i1s not incorporated 1into
the drug or excipient, the disintergration and
dissolution processes cannot be separated. This
problem may be somewhat orercame by the use

of perturbed angular correlation technique “®~
30)

(V). Preparations of radiolabeled dosage forms
are problematic.

The preparation of raidolabeled solutions
or suspensions is relatively simple since most nu-
clides can be chelated with various hydrophilic
and lipophilic agents. However, complications
may occur in the preparation of radiolabeled so-
lid dosage forms. Some of the problems are:

1.The production time may be too long to
be amenable to labeling with short-lived radio-
nuchdes.

2.Special decontamination procedure or
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equipment may be required.

3.The labeling procedure may compromise
the intergrity of the dosage form.

4.0On-site small scale preparation 1s not
practical and is limited to the handling of a
small quantity of materials. The products may
not accurately represent the same dosage forms
produced under industrial scale up conditions.

Recently, a procedure for incorporating a
small quantity of nonradioactive precursor Into
the dosage form and subsequently activating it
into a radioactive nuclide following neutron ac-
tivation has been described. The technique 1s a
powerful alternative and will be discussed 1n sec-
tion lII.

5. Neither the drug nor the excipients can
be labelled with nuclide.

Neither the drug itself nor the excipeints
can be easily labelled with the radionuchde.
Therefore, the behavior of the radionuclide ob-

served may or may not represent the disintegra-

tion or the release of the drug. In the last sever-
al years, an increasing number of studies has
used plasma drug level determination concurr-
ently with scintigraphy. The quality of data has
been drastically the term
pharmacoscintigraphy was coined and will be
discussed in Section 1V.

improved and

I1. Dual Isotopic Gamma Scintigraphy

Some problems discussed in Section I can
be partly alleviated by the administration of a
second radiopharmaceutical.” Typical application
of dual isotopic gamma scintigraphy involves us-
ing one nuclide with lower energy to outline the
anatomy of the GI tract (e.g., a solution of Tc-
99m) and another nuclide with higher energy to
study the behavior of the formulation of interest
(e.g., tablet labelled with In-111). The two nu-

clides do not have to be administered simulta-

neously. The images of one nuclide can be over-
layed on top of the images of another nuclide
by computer and the position of the dosage
form can be accurately determined.

Alternately, and perhaps more importantly,
separate formulations can be labelled with two
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difterent nuclides and adminmistered together.
Most gamma cameras are able to separate ga-
mma emissions on the basis of different photo-
peak energies so that two 1sotopes may be moni-
tored simultaneously and independently. This
simultaneous dual 1sotopic technique greatly en-
hanced the applicability of gamma scintigraphy
in biopharmaceutical research. Since each for-
mulation can now be tracked simultaneously
and independently within the same subject ©1-32
,this technique can be used to investigate a si-
ngle or a combination of physiological and bio-
pharmaceutical events as well as a variety of fa-
ctors affecting those events. It has been re-
cognzed for many years that movement through
the gut exhibits considerable intra- and inter-
subject vanability. The simultaneously dual 1so-
topic approach 1s particularly valuable in these
situations where various factors can be studied
1in the same subject at the same time.

When two isotopes are administered
simultaneously, the scatter-down effect from the
high energy isotope to the low energy isotope
window has to be corrected by mathematical
technique. The correction 1s made by subtracting
a fixed proportion of one channel from the
other. This correction factor 1s a fixed calculable
function of the 1sotopes and will not vary within
the course of the study. The correction factor
for commonly used radionuchides such as Tc-99
m/In-111 has been reported .

. Neutron Activation Gamma Scintigraphy

One of the problems in using scintigraphy
1s that the preparations of radiolabeled dosage
forms are generally problematic (Section 1.5).
Recently, a procedure for incorporating a small
quantity of non-radioactive precursor into the
dosage form has been described **7*7). The pre-
cursor 1s subsequently activated into a radioac-
tive nuchde following neutron activation. The
procedure can be easily performed in any nu-

clear reactor facility. Several rate-earth elements
in the Lanthamde series (i.e., baritum, erbium

and samarium) seem to be the best choices be-
cause of their chemical stability, lack of toxicity,
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low dosimetry of radionuchde produced, high
natural abundance, large neutron capture cross-
section, and decay to a stable nontoxic isotope.
More 1mportantly, their pharmacology and toxi-
cology have been extensively studied °®-°%), The
oxide 1s the most common form of these ele-
ments used in biopharmaceutical studies due to
their low water solubility, thus Iimiting its absor-
ption into the body. Barium oxide was used for
carly studies but the short half-life of Ba-139 (83
.6 mun) precludes i1ts use 1n the long termed Gl
study. The cost of enriched Er-170 oxide has ri-
sen sharply over the years and became prohibi-
ting to use. The commonly used precursor to
date i1s enriched Sm-152 oxide, and recnetly gai-
ning popularity is another element, Ytterbium (
Yb-174), and its oxide 49,

The effect of exposing the dosage form to
an intense thermal neutrol flux has to be evalua-
ted before the study “*!'#%- As in the dual iso-
topic study when two 1sotopes are used, the sca-
tter-down effect and its mathematical relation-

ship have to be determined. The correction fa-
ctors for Er-171/Sm-53 and Yb-175/Sm-153 have

recently been reported 443743,

IV. Pharmacoscintigraphy Using Single or dual
Isotopes and Neutron Activation

Early scintigraphic studies are useful in
providing information regarding behavior of for-
mulation m the GI tract. Over the last several
years, increasing number of studies has been re-
ported using the combination of pharmacokine-
tics and scintigraphy “° 7> The quality of data
has drastically improved.

One of the most important additions to ga-
mma scintigraphy 1s the correlation of the plas-
ma concentration-time profile with the position
of the formulation, since it allows the identifica-
tion of the GI tract region from where the drug
1s absorbed. One typical use of this technique is

to examine possible sources of variablility ob-
served in the plasma profile, for example, an

erratic gastric emptying of the formulation .
Another application 1s to correlate bio-
availability with GI transit using external scinti-
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graphy with neutron activation technique “©.

A landmark study was carried out by the
use of osmotic type delivery system filled with
the drug °>. The exterior of the unit was radio-
labeled and administered with a non-absorbed
redionuclide labelled marker to outline the GI
tract. The results of the study clearly demon-

strated that the drug is well absorbed in the co-

lon. The reason for the reduction in extent of
bioavailability 1n some subjects 1s due to the re-
duced residence time of the unit in the colon.

FUTURE TRENDS

The application of pharmacoscintigraphy
has become increasing sophisticated 1n recent
years. Other techniques can also be incorporated
into the study to improve the quality of data ge-
nerated. A recent study demonstrated this multi-
pronged approach®®. A stable isotope (N-15)
suspension and nonstable 1sotopic formulation (
OROS tablet) were administered simultaneously
and the drug concentrations from each formula-
tion were determined by gas chromatography/
mass spectrometry (GC/MS). The tablet was ad-
ministered with Tc-99m DTPA (diethylenetrami-
nepentaacieitc acid) in water to outline of the
GI tract. The edge of OROS tablet was glued
with In-111 mixed with 1on-exhange resin po-
wder adhesive. This study illustrates the value of

improved pharmacokinetic interpretation using

stable isotope/GC/MS technology with simulta-
neously dual 1sotopic scintigraphy. The problems
of intra- and inter-subject variability can now be
avoided. The study results demonstrate that the
drug was released and absorbed efficiently
throughout the stomach and small intestine.
However, systemic absorption was reduced when
the system was situated in the colon. Rapid and
premature expulsion of the dosage form was the
leading cause of reduction in bioavailability in
some subjects.

[t is wundoubtedly that pharmacoscinti-
eraphy has greatly advanced our understanding
of the behavior of dosage forms and it will con-
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tinue to do so. Our knowledge can further be
advanced when pharmacoscintigraphy is used in
conjunction with other techmques such as pH
monitoring and GI intubation ©77°%. These
techniques can be used either independently or

simultaneously with pharmacoscintigraphy to
provide more information regarding drug release
and absorption. Ultimately, 1t should be possible
to explain all the factors in the sequence be-
tween drug release and absorption and consequ-
ently improving the clinical outcomes.
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