
he emergence of new pharmaceutical formulations
has raised interesting questions in the study of kinetics
of release and absorption of drugs. In vitro dissolution
tests can be easily performed, but their results do not
necessarily apply to in vivo conditions, especially for
gastrointestinal formulations. For instance, the release
can be pH-dependent or a succession of degradations
can occur prior to the absorption. Therefore, in vivo
studies appear to be highly desirable. Because techne
tium-99m DTPA ([99mTc]DTpA)can be incorporated
easily into tablets, it becomes possible to monitor in
vivo the anatomic position and the release of activity
ofa labeled tablet (1â€”6).

In this study we compare the dissolution rates of
[99mTc]DTPA-labeled tablets of theophylline in vitro
and in vivo. We also show that during the same exper
iment the absorption kinetics of theophylline can be
calculated as well as the transit time ofthe tablet in the
stomach and in the small intestine using @â€œTcas the
sole radionuclide.
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MATERIALS AND METhODS

Preparationof Tablets
After adsorption with an aliquot part of lactose, a 3-ml

solution of [@â€œTcJDTPAwas dried for 15 mm in an oven at
90Â°C.The resulting powder was mixed with theophylline
monohydrate (300 mg), hydroxypropylmethylcellulose (two
different grades), lactose, silicon dioxide, and magnesium
stearate. Tablets of nominal weight 535 mg were compressed
on an alternative Korsch Eko, using adequate oblong punches,

just before time of administration, resulting in tablets with a
nominal activity of 100 @iCi(3.7 MBq) and a 16.4 x 7.3 x 5.1
mm size.

In Vitro DissolutionTests
The USP paddle method was used with a rotation speed of

120 rpm in a phosphate buffer at pH 7.2. The dissolution rate
of theophylline from the labeled tablets was compared with
theophylline release from the conventional commercial prod
uct (Theostat R300) by measuring the absorbance value at
272 nm. The dissolution rate of DTPA was also evaluated by

counting in a gamma well-counter the activity of periodically
withdrawnsamples.

In VivoStudies
Six healthy male volunteers(age 24â€”28)were included in

the study after signingan informed consent.Approvalof the
protocol was obtained from the committee on ethics at our
institution.
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In thisstudywe demonstratethat the dissolutionrate and gastroduodeno-cecaltransittime of
radiolabeledtabletsof theophyllinecanbe determinedin vivousingtechnetium-99m(@Tc).
Six healthymalevolunteersingesteda tabletcontalning300 mg of theophyllinemixedwith
3.7 MBq of [@rc]DTPA. Anteriorand posteriorsantigraphicviewsof the abdomenwere
collectedseriallyover8 hr, afterwhicha 200-mIsolutioncontaining37 MBqof [@Tc]
pertechnetatewas ingestedin orderto visualizethe contoursof the stomach.Thein vivo
activitycontainedin the tabletwas calculatedfromthe scintigraphicviewsaftercorrectionof
backgroundactivity,radioactivedecay,anddepthattenuation.Thedissolutionrateof [@Tc]
DTPA was also measured in vitro and compared with the dissolution rate of theophylline. The
resultsshowedclosedissolutionrates between[@â€œTc]DTPAand theophyllinein vivo(TÂ½184
mmand 176mm,respectively),anda fasterearlydissolutionrateof [@â€œTcJDTPAin vitro (TÂ½
92 mmversus156 mmfor theophylline).The meangastroduodenaland duodenocecaltimes
were72 Â±25 mm(m Â±s.d.)and245 Â±15 mm,respectively.Scintigraphicimagingof labeled
formulationswith @Â°â€˜â€œTcpresentusefulapplicationsin pharmaceuticsandpharmacology.
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In order to facilitate repositioningduring the study, two
radioactive markers were taped on the skin ofeach volunteer's
flank. After overnight fasting, each subject (while standing
upright) swallowed a radioactive tablet with 200 ml of water.
One-minute anterior and posterior scintigraphic views were
collected with a large field-of-viewscintillation camera
equippedwith a high resolutionlow energyparallel-holecol
limator. The spectrometry was set on the 140 keV gamma
peak with a 20% window. During the first 4 hr views were
taken at 15-mm intervals in each volunteer. Then a 1-hr break
wasallowedduring which a standard light lunch was served.
The study resumedwith sequentialviewstaken every30 mm
then every 60 mm until the end ofthe study, 8 hr after starting
time. At 24 hr a view ofthe stomach was taken after drinking
200 ml ofwaterlabeled with about 37 MBq of[@â€•Tc]pertech
netate.

All views were stored as 64 X 64 matrices in a dedicated
computer. The focal activity of the tablet could be easily seen
on all views until it reached the colon. In order to calculate
the amount of activity present in the tablet, the surrounding
background activity had to be subtracted (7). The tablet
activity was calculated within a 4 x 4 region of interest
positioned over the tablet image. It was corrected for back
ground activity calculated within a surrounding 11x 11region
of interest. This process was performed on both the anterior
and posterior views. Finally the â€œtrueâ€•tablet activity was
obtained after correction for the gamma ray depth auenuation
by calculating the geometric mean (GM) value on the corre
sponding anterior and posterior views (8). All values were
corrected for radioactive decay.

Bloodsamplesfor theophyllinedosagewere taken at 1-hr
intervals during the entire experiment. From these values the
absorbed dose and then the in vivo kinetic of release of
theophylline were calculated.

RESULTS

The in vitro dissolution of DTPA and theophylline
were in good agreement with a mathematical model of
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hydrophilic matrix release. The in vitro and in vivo
kinetics ofrelease oftheophylline were highly correlated
(r = 0.996, n = 9) (Figs. 1 and 2) with TÂ½of 176 and
156 mm, respectively. In vitro, the early release of
DTPA was faster than theophylline; then both remained
parallel. TÂ½was 92 mm for DTPA.

With the help of (a) the two skin markers used to
realign all the views, (b) the image of the stomach as
shown by the solution of pertechnetate ingested at 24
hr, and (c) the colonic activity seen at 8 hr, the anatom
ical position of the tablet (i.e., in the stomach, small
intestine, or colon), could be retrospectively traced dur
ing the entire study. Thus, it appeared that immediately
after swallowing, the tablet was deposited at the bottom
of the stomach, close to the pyloric antrum (Fig. 3). It
did not move inside the stomach until it was suddenly
expelled into the duodenum. The mean gastroduodenal
time was 72 Â±25 mm (mean Â±s.d.; Table I). Move
ment in the small intestine was hectic. During the 1-
mm acquisitions the tablet was usually still but some
times rapid displacement could be observed. After en
tering the cecum (Fig. 3) all tablets deposited a large
spread of activity, unveiling the colic borders. In most
cases the ascending colon was clearly seen but only in
three cases did the activity reach the left colic flexure.
The duodenocecal time was 245 Â±15 mm (Table 1).

DISCUSSION

This study shows that the in vivo dissolution rate of
a radiolabeled tablet and its gastroduodenal and duo
denocecal times can be calculated by scintigraphy.
Measurements of the digestive transit times has been
performed previously, using radio-opaque pellets (9).
In these conditions only the overall transit time could
be measured and the radiation dose was not negligible.

IN VITRO EXPERIMENT
U â€¢ Tc-99mDTPA
.. Theophylline

(mÂ±sem,n=12)

FIGURE 1
Kinetic release of [@â€œTc]DTPAand
theophyllinein vitro.
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IN VIVO EXPERIMENT
A @Tc-99mDTPA

0â€”â€”cTheophylline

(mÂ±sem,n 6)

FIGURE 2
Kineticreleaseof [@â€˜Tc]DTPAand
theophyllineinvivo.[@â€œTc]DTPAac
tivity was calculatedon the scinti
graphicimages.100% value is the
activity immediatelyafter ingestion.
For theophylline, the values were
computedfrom the blood samples
measurements.

Moreover, the high density of this material affects the
transit time of the pellets (10). Gastroscopy has also
been utilized (9), although it only provides qualitative
results and does not explore the intestine. Scintigraphy
is a low-radiation exposure technique that provides
quantitative results along the entire digestive tract. It
also presents some limitations.

Because most drugs cannot be labeled efficiently with
99mTc,the assumption is made that the release of[@mTc1
DTPA and ofthe drug are similar, despite their different
solubility properties. In fact, we and other investigators
(2,3) have observed close correlation between the dis
solution rates of [99mTc]DTpA and the studied drug.
Another limitation ofthe scintigraphic technique is that
it cannot differentiate between the solid and liquid
forms of the radionucide. Therefore, the amount of
radioactivity calculated from a region ofinterest drawn
around the tablet image is overestimated. This is the
reason for the subtraction ofbackground activity, which
is estimated by the mean count density inside a square
region of interest drawn around the tablet (7). This

correction, however, does not account for the complex
pattern ofdistribution ofactivity, especially in the loops
of the small intestine, and it probably contributes
greatly to the variation in the results. Moreover, some
free [@mTc]DTPA may hang around the tablet like a
cloud making perfect correction for background vir
tually impossible. Therefore, the calculated tablet value
is probably always overestimated. Finally, all studies
were performed exclusively with @mTc,which is atten
uated by 50% after 4.5 cm in tissue. This is the reason
for the calculation of GM between the anterior and
posterior views (8,9,12). It is assumed that both views
are taken with the tablet at the same location. This is
probably not always true when the tablet is in the small
intestine where it can move quickly. Furthermore, this
correction does not account for the variation in the
overall thickness ofthe abdomen, which is supposed to
be constant. This assumption becomes false when the
tablet is situated in the lateral parts of the abdomen.

In our study the movements of the tablet along the
digestive tract could be easily followed between the

FIGURE 3
These views taken at 15 mm (left)
and5 hr 30 mm(right)after adminis
tration show the tablet located, re
spectively,in the prepyloric region
and in the cecum.The contours of
the stomachwereobtalnedat 24 hr
with a solutionof [@Tc]pertechne
tate. For the colon, contours were
obtainedfrom the activity left by the
tablet during its displacementbe
tween the cecum and the left colic
flexure. Notice the dramatic de
creaseof relativeactivityof thetablet
whencomparedwith the activityof
theskinmarkers.
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Times

Gastroduodenal GaStrOceCal
Subject (mm) (mm)Duodenocecal(mm)

@Thedifferencebetweengastrocecalandgastroduodenaltimes
gavetheduodenocecaltime.

TABLE I
Valuesof the IndividualGastroduodenaland Gastrocecal our study thesecomplicationshave all been avoided byhaving the subjects ingest a solution of [@mTc]pertech@

netate 24 hr after the beginning of the study. By that
time there was no detectable activity in the abdomen

_________________________________________ from the dissolved tablet and the gastric activity could
1 35 270 235 not interfere with the already terminated tablet activity
2 100 340 2403 100 375 275 counting. With the help of the two skin markers the

4 60 300 240 gastricimage waseasilyrepositionedon the early views
5 66 306 240 on which only the labeled tablet was present, thus,

6 71 31 2 241 allowing us to follow its movement relative to the

stomach, and especially to determine the time it entered
Mean Â±s.d. 72 Â±25 317 Â±36 245 Â±15 the duodenum.
Â±s.e.e. Â±10 Â±15 Â±6 The duodenocecal time of 245 Â±15 mm found in

this study is close to the values reported by Prokop et
al. (19) for water (248 Â±58, 240 Â±47, and 232 Â±54
mm, on different occasions) and by Christensen et al.
(20) forlabeled pellets(204 Â±31 mm) and for a solution

lower portion ofthe esophagus and the colon. In all the of E@mTc]DTPA(246 Â±28 mm). Christensen et al.
subjects the tablets entered the stomach rapidly and no noticed that although the transit times in the small
sticking was observed in the esophagus. Other investi- intestine were not significantly different between liquid
gators have noticed the presence of some esophageal and pellet solutions, there was a significant difference

sticking in up to 50% ofthe subjects(13). The subject's in the stomach (18 Â±4 mm for the solution versus 99
posture at the time of administration and the volume@@ mm for the pellets). They suggestedthat the varia
of water ingested with the tablet largely contribute to lions in the overall mouth to cecum transit time ob
this phenomenon (14-16). In a preliminary experiment served in earlier studies could be due almost exclusively

we noted that sticking can occur even in the standing to differences in the transit through the stomach alone,

position if no water is taken with the tablet; swallowing rather than through the stomach and small intestine. It
the tablet with 200 ml of water prevented esophageal@ interesting to note that our own results show a small
sticking. relative standard deviation of the duodenocecal time

Onceinside the stomach,the tabletsquickly reached whencomr,aredwith the @astroduodenaltime (6% ver
the prepyloric portion ofthe great curvature and stayed sus 33% of their means, respectively). This seems to
here until being swept into the duodenum and small show that for tablets, also, the intestinal transit time is

intestine. The initial absence of intragastric movement rather constant and similar with that of liquids or
could be related to the fact that all subjects were fasted. @â€˜ets,whereas, there are great individual variations in
Therefore the tablets were probably sticking to the the gastroduodenal times.
gastric mucosa in a nearly empty stomach, until the In conclusion this simple and inexpensive (although
â€œhouse-keepingâ€•contractions occurred (17,18). time@onsuming) scintigraphic method allows in vivo

The calculation of the mean gastroduodenal and visualizationofthe evolution ofthe anatomicalposition

duodenocecal times requires that at least the stomach and the drug release of tablets. Applications of this
and the colon can be localized on the scintigraphic techrnque are presently sought for the assessment of the

views. Administration of a labeled solution easily dis- efiÃ¨ct5 of factors such as patient's position or meal
plays the stomach. The colon is the area where the composition on the digestive absorption of drugs and

remainder of the tablet activity will eventually stand. If the efficiency of new formulations.
the tablet is labeled with 99mTc,then a 99mTclabeled
solution cannot be administered concomitantly because
it would interfere with the localization and counting of
the tablet activity. Daly et al. (2) solved the problem by
labeling the solution with indium-i l3m (â€˜I3mIn)DTPA
which has a higher energy emission and a shorter half
life than 99mTc.However, this was at the cost of several
disadvantages: (a) additional corrections were required
for the calculation ofthe tablet activity due to crossover
counting in the energy window of @mTc,(b) a high- or
medium-energy collimator had to be used, resulting in
poorer resolution and lower count rates, and (c) an
expensivegeneratorfor â€˜L3mInhad to be purchased.In

NOTE

* Laboratoires SINBIO, 192 rue Lecourbe, 75015 Paris,

France.
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