
BASICSCIENCES

A bile acid containing a gamma-emitting nuclide
would be of considerable clinical importance, providing
a simple and esthetically acceptable means of studying

the enterohepatic circulation, including especially the
functional integrity of the distal part of the ileum
without the need to collect feces. Any risks inherent in
using such a compound must be offset against the re
duced need for more invasive tests such as panendoscopy
or ileal biopsy, and the risks incurred by nursing and
laboratory staff collecting and processing feces.

Studies in the experimental animal (1 ) and in man (2)
indicate that SeHCAT has most, possibly all, of the
properties of an ideal tracer for this purpose. We report
here calculations of the absorbed dose that would result
from its administration to man.

Four situations are considered, namely, oral admin
istration to normal subjects, intravenous administration

to normal subjects, oral administration to subjects
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without a functioning gallbladder, and to subjects with
severe cholestatic jaundice. These examples have been
chosen because each results in a different maximal ab
sorbed dose to critical organs. In practice the symptoms

most likely to give cause for investigation with
SeHCATâ€”diarrhea with or without lower abdominal
painâ€”are likely to be associated with bile-acid malab
sorption, accelerated excretion, and a lower absorbed
dose.

DOSIMETRY MODELS

Oral administration to normal subjects. Following oral
administration of SeHCAT in aqueous solution, the
activity is assumed to spend one hour in the stomach and
four in the small intestine, during which time physical
decay is insignificant. At the end of the fifth hour, 4% of
the activity is taken to be uniformly distributed
throughout the body, from which it is eliminated with
an effective half-time of 42 days. The chemical form of
this fraction is at present unknown. No free selenium is
present in the administered radiopharmaceutical, and
no enzyme systems are known to be capable of cleaving
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The absorbed radIatIon dose that would result from the oral or Intravenous ad
mInIstratIon of SeHCAT (23-[75Se@seIena-25-homotaurochoIate)has been calcu
lated usIngthe MIRDtables and formulasand data from measurementsof whole
bodydIstrIbutIonandfrom long-termwhole-bodycountIngIn rats, mIce, andman.
When SeHCAT Is admInIsteredto normalsubjects,the gallbladderIs the crItIcal
organ,receIvIng12 mrad (oral dose) or 22 mrad (I.v.) per mlcrocurle.The whole
body dose Is I mrad/MCI, whatever the route of admInIstratIon. In severe hepatlc
faIlurethe lIver mIghtreceIve 200 mrad/@iCI.The actIvIty lIkely to be usedIn rou
tIne clInIcalpractIceIs 10 MCI.Wherea whole-bodycounterIs used,an actIvItyof
1 @LCIhas provedadequate. Even at an admInIsteredactIvIty of 25 @tCI,the ab
sorbeddose Is small comparedwfth establIshedtechniquesof InvestIgatIngthe
gastroIntestInal tract.
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TABLEI. DISTRIBUTIONOF S.HCAT IN MICE, EXPRESSEDAS PERCENTAGEOF ThE
ADMINISTEREDACTiVITYIN ThE WHOLEORGAN(MEAN OF 5 ANIMALSAND RANGE)

Uver 2.5
(1.5â€”3.3)

0.08
(0.035â€”0.12)

3.0

3.3
(1.3â€”5.0)

0.14
(0.07â€”0.17)

2.1

1.6
(1.4â€”1.8)

0.16
(0.14â€”0.24)

1.4

0.012

(0.007â€”0.019)
0.004

(0.002â€”0.006)
Kidneys

Gallbladder
(0.09â€”4.7)

0.004
(0.002â€”0.007)

84.9
(63.7â€”91.2)

4.4
(1.1â€”7.0)

0.07

(1.6â€”2.5)
0.008

(0.001â€”0.02)
88.3

(79.8â€”93.3)
5.5

(3.6â€”8.4)
0.22

(0.2â€”3.9)
0.009

(0.004â€”0.014)

67.5
(58.8â€”75.6)

5.5
(2.9â€”7.6)

0.14

Ovaries 0.0003
(0.0003â€”0.O006)

0.003
(0.001â€”0.003)

0.002
(0.001â€”0.002)

Small intestine

Large intestine

Blood
(0.05â€”0.11) (0.14â€”0.51) (0.10â€”0.18)

.Includedwithliver.
t None detectable (<0.00001).

Time integrals for other organs are calculated similarly,
and are given in Table 3.

Since all the activity is eliminated through the colon,
and because the delay caused by the enterohepatic cir
culation is small compared with the physical half-life,
the dosimetry of the gastrointestinal tract has been ap
proached simply by allotting time integrals of activity
of I3 and 24 @zCi-hrto the upper and lower large intes
tines, respectively. These time integrals of activity cor
respond to mean residence times of 13 and 24 hr de

scribed by Eve (5) and accepted by I.C.R.P. Any error
resulting from this simplification would cause the ab
sorbed dose to be overestimated.

Oral administration to subjects without a functioning
gallbladder. The rat does not have a gallbladder and is
therefore a suitable model for humans with absent or
nonfunctioning gallbladders. Organ distributions are
given in Table 2. There is remarkably little difference
between Tables I and 2. Clearly the lack of a gallbladder
shouldincreasethe bile-acid load in the small intestine,
and possibly also increase loss into the large intestine.
Some bile acids decrease sodium (and thus water)
reabsorption by the colon, and in excess can cause diar
rhea. It is not clear whether this is responsible for the
apparently lower gut-content activities at 24 hr in the
rat.

For the purposes of calculating time integrals of ac
tivity, all the activity other than in the gallbladder is
assumed to be in the small intestinal lumen.

A(t>5)0.91/A= 82
A=82+ 4=86 @Ci-hr/@Ci.

In some subjects without a functioning gallbladder, bile

the Seâ€”Cbond. We postulate the presence of a small
pool of bile acids, turning over slowly.

The remaining 96% circulates in the enterohepatic
circulation, being excreted with a half-time of 2.6 days
(2). Excretion is exclusively into the colon. With the
exception of the gallbladder, the organ distribution in
man is assumed to be similar to that in the mouse (Table
1). Unfortunately, little is known about the percentage
of bile-acid pool in the gallbladder in man. It is maximal
after an overnight fast and minimal after a large meal.
The figure of 3% in the gallbladder of the mouse may
represent a minimal value if there was agonal autonomic
stimulation causing that organ to contract. Some
workers have suggested a peak gallbladder content of up
to 50% of the bile-salt pool (3). Averaging over the 24
hr. a mean gallbladder content of 15% has been assumed
in nonfasting man.

The peak liver activity observed in the mouse was 3.3%
at 8 hr. This would be expected to fluctuate. In order to
obtain an upper value of absorbed dose, a mean liver
concentration of 5% has been assumed in the calcula
tions. This leaves 76% in the gut, all initially in the small
intestine. On each cycle of the enterohepatic circulation,
95% of the bile acid reaching the ileum is reabsorbed (4).
Because liver, gallbladder, and small-intestinal lumen
are in equilibrium, the relative distribution remains
constant as the total activity declines.

The time integral of activity in the small intestine is
therefore 4 zCi-hr per ingested microcurie for the first
4 hr, when all the activity is in the small intestine. Sub
sequently the time integral A(t>s) is given by

A(t>5hr)=0.76/A=68zCi-hr/@iCi.
The total time integral A is therefore 72 @Ci-hr/@zCi.
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TABLE2B.CUMULATIVEEXCRETIONAFTER10
DAYS (5ANIMALS)Urine

0.58%(0.40â€”0.81)Feces
97.2%(97.2â€”97.5)is

stored in dilated bile ducts. The absorbed dose to the liver and is excreted in bile. Assume it takes one hourtowall

of such structures is considered to be equivalent to move through the liver, and in a fasting subject all re
that absorbed by the wall of the gallbladder. mains in the gallbladder for I 2 hr. When thegallbladderOral

administration to subjects with severe cholestatic contracts, the contents are expelled into theduodenum.jaundice.
In the extreme case, assume all the activity is They then spend 4 hr in the small intestine. Their sub

absorbed. We have no evidence how it would be dis- sequent fate is identical to that ofactivityadministeredtributed.

As an example, the time integral is calculatedorally.assuming
half the activity to be taken up by the liver and The time integral of activity in the liver isthereforeto

remain there with an effectiye half-time equal to the - .
. . . . . Aiivcr I + 0.05/A I + 4.5 5.5 @Ci-hr/@tCi,

physical half-l,fe. The remaining 50% ,s assumed tobedistributed
throughout the body with a similar half-time. and in thegallbladderIn

practice such severe hepatic disease is incompatible Agb I2 + 0. 15/A I2 + I3.5 25.5 @Ci-hr/@tCi.
with prolongedsurvival.Aiivcr

Atb O.5/X = 2080 @Ci-hr/@zCi. Time integrals for other organs are identical to those
based on oraladministration.Intravenous

administration to normal subjects. Fol
. . . . . . DOSIMETRY CALCULATIONS

lowing intravenous injection into healthyhumansubjects,
Sel-ICAT is cleared from the blood with a The mean absorbed dose to a target organ k isgivenhalf-time

of 5. 1 mm (2). It is taken up exclusively by the by Dk (6)whereTABLE

3. CUMULATIVEACTIVITYA (@iCI-hrPER ADMIN.MCi)IntravenousOral

administration toadministrationsubjects
with to

Normal No Severenormalhealth
gallbladder jaundicesubjectsLiver

4.5 4.5 20805.5Gallbladder

13.5 â€” â€”25.5Small
intestine 72 86 â€”72Upper
large intestine 13 13 â€”13Lower
large intestine 24 24 â€”24Total

body 58 58 2080 58
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TABLE2A. DISTRIBUTIONOF SeHCATIN RATS,EXPRESSEDAS PERCENTAGEOF THE
ADMINISTEREDACTIVITYIN ThE WHOLEORGAN(MEAN OF 5 ANIMALSAND RANGE)

Small intestine

and contents
Large intestine

and contents
Liver

Kidneys

Carcass

46.4
(39.7â€”50.3)

16.4
(11.6â€”27.3)

4.1

(3.4â€”5.5)
0.19

(0.17â€”0.22)
7.3

(3.2â€”11.1)

41.0
(25.7â€”58.5)

14.9
(7.2â€”25.9)

3.6
(2.8â€”5.0)

0.16
(0.04â€”0.33)

6.4

(2.9â€”10.3)

1.0
(0.3â€”1.4)

1.0
(0.23â€”2.1)

2.3

(1.0â€”3.7)
0.20

(0.08â€”0.44)

7.1
(2.6â€”13.3)

0.007
(0.004â€”0.011)

0.005
(0.002-0.009)

0.025
(0.012â€”0.049)

0.007
(0.001-0.020)

0.053
(0.03â€”0.12)
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TABLE 4. ABSORBED DOSE FROM Se-75 PER UNIT CUMULATIVE ACTIVITY IN VARIOUS ORGANS.
S (RADSPERs-Cl-hr)ToFrom

sourceorgansUpperLowertargetGall

SmalllargelargeTotalorgans
Liver bladderintestineintestineintestinebody

TABLE5. ABSORBEDDOSEFROMSeHCAT(mrad/@Cl)IntravenousOral

administrationadministrationsubjects
withto

normalNormalNoSeverehealthgallbladderjaundicesubjects

SOUNDY,SIMPSON,ROSS,AND MERRICK

Liver
Gallbladder
Small intestine

Upper large intestine
Lower large intestine

Ovaries
Total body

9.3 X ioâ€”@
1.4 X iO@
4.6X ioâ€”@
7.0 X iOâ€”Â°
7.2 X ioâ€”@

1.2 X 106
5.3 X 1Oâ€”Â°

1.4 X iO@
8.4 X ioâ€”@
2.4X i0â€”@
2.7X ioâ€”@
7.1 X ioâ€”@

1.7 X 106
5.3 X 10â€”6

5.2 X 10â€”6
3.8 X 10â€”6
1.3 X i0@

7.0 X ioâ€”@
2.0 X ioâ€”@

2.9 X ioâ€”@
6.1 X 106

7.2 X 106

2.6 X 106
4.7 X ioâ€”@

1.9 X i0@
8.6 X 106
3.3 X iOâ€”@

5.8 X 10â€”6

8.1 X ioâ€”@

1.2 X iO@
2.6 X ioâ€”@
1.2 X iO@
2.6 X ioâ€”@

5.2X ioâ€”@
5.8 X ioâ€”@

5.2 X 10â€”Â°

6.0 X 106
6.1 X 106
5.8 X 106
5.5 X 10â€”6

5.7 X 10â€”6
4.6X 10â€”6

Dk@ Ah X S(k..-h) rad.
h

Ah is the time integral of activity in source organ h per
microcurie administered activity, expressed in micro
curie-hours. Values of A have been derived from the
dosimetry models of the previous section, and are listed
in Table 3. S(k..â€”h)is the absorbed radiation dose in target

organ k per unit cumulative activity in source organ h,
expressed in rads per microcurie-hour. Where they exist,

values of S have been taken directly from MIRD Pam
phiet No. 11 (6). To deduce the appropriate values of S
for the gallbladder, the following procedures have been
adopted:

(a) Where the gallbladder is either source or target
organ (but not both), we consider it sufficiently accurate
for the purpose of these calculations to use the S value
for the adrenals listed in MIRD Pamphlet No. 11 (6),
on the basis that the differences in size, shape, and po
sition within the human body have a negligible effect on
the result calculated.

(b) For the particular situation where the gallbladder
is both source and target organ, the S value was deduced
by applying appropriate absorbed fractions to each ele

ment of the decay scheme, i.e., by evaluating the equa
tion

S =

4@iis the fraction of i-type energy, emitted by the source

organ, that is absorbed in the target organ. The adult
gallbladder, when full, is taken to have a volume of 65
ml (7). Assuming unit density for tissue and contents,
the weight of the full gallbladder plus contents is there
fore 65 g. Most of this weight is due to the contents, be
cause the empty gallbladder of â€œreferencemanâ€•(7)
weighs only 10 g.

Values of@ for photon emission were obtained by
linear extrapolation from Table 7 of MIRD Pamphlet
No. 8 (8), considering the gallbladder and its contents
to be a unit-density ellipsoid of 65 g mass with axes 1:2:4.
This approach gives the average absorbed dose in the
source/target organ, and will be somewhat higher than
that actually required, i.e., the dose to the gallbladder
wall. The overestimate is allowed to stand because there
is no simple way of making an accurate adjustment, and

the uncertainty in the data would not justify an elaborate
calculation.

Liver 1.4 1.3 204 1.7

Gallbladder 12 42 22
Smallintestine 11 13 22 11
Upperlargeintestine 8.2 9.2 27 8.3
Lower large intestine 8.1 8.4 13 8.1
Ovaries 4.1 4.5 14 4.2

Totalbody 1.0 1.0 21 1.1
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Values of /.for charged particles, and photons of en
ergy < 10 keV were taken to be 0.5 following the method

of paragraph 3.2 of MIRD Pamphlet No. 1 1 (6). This

corresponds to the assumption that the dose at the sur
face of the wall from charged particles is one-half the
dose to the contents far from the wall.

@iis the mean energy emitted per unit cumulated

activity (in gram-rads per microcurie-hour) and relates
to the energy emitted per disintegration in the form of
i-type radiation. Values of@ for selenium-75 were taken

from MIRD Pamphlet No. 10 (9). The value obtained

by the above procedure for the estimation of S (gall
bladder contents â€”@gallbladder wall) was 8.0 X l0@
rad/@zCi-hr. Table 4 lists the various values ofS for the
source-target configurations used in the calculations.

CONCLUSIONS

The absorbed radiation doses that would result from
the oral or intravenous administration of SeHCAT to
normal subjects, subjects without functioning gall
bladders, or subjects with severe (lethal) hepatic failure,
are summarized in Table 5. The absorbed radiation dose
to the lowerG.l. tract from the clinical useof SeHCAT
has been calculated on the basis that 100% of the ad
ministered activity leaves the body through the colon and

that negligible physical decay takes place during transit.

For materials with a shorter physical half-life, this as
sumption would not necessarily be valid and would result
in a significant overestimate of dose.

The uptake in the liver and gallbladder was assumed
to be substantially higher than the figure actually oh
served in the mouse, and may therefore overestimate the

absorbed dose actually received by these organs. Simi

larly, the case of severe cholestatic jaundice effectively

requires the patient to be suffering from fatal hepatic
failure. In practice the dose could not possibly reach such
a high level in a patient with any hope of survival.
Moreover in clinical practice the indication for the use
of SeHCAT, namely, suspected bile-acid malabsorption,
is likely to be associated with a much faster rate of ex

cretion and therefore a lower absorbed dose. The cal
culated figures thus represent an upper limit of the dose

likely to be received, and are probably substantially
higher than the doses that actually would be received in
clinical practice.

Depending upon the sensitivity of the available de
tecting equipment, an administered activity of 10 @zCi
(370 kBq) is adequate for most clinical purposes (2). If
a whole-body counter is available, I ,uCi is adequate.
Even in lethal jaundice the maximum critical organ dose
following the administration of 25 @Ci(925 kBq) of
SeHCAT (3) is much less than skin doses received
routinely during gastrointestinal fluoroscopy. In normal
subjects the absorbed dose would be less than the natural
annual background in many areas of the world, and in
patients with bile-acid malabsorption the dose would be
negligible.

Thus, despite the long physical half-life of the Se-i 5
label, the absorbed dose resulting from its administration
in the form of SeHCAT to humans is small and within

acceptable limits.
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