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Overestimate of 1251-protein uptake from the adult
mouse gut
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SUMMARY Gastric instillation of 1251-labelled protein in mice leads to rapid appearance of blood
radioactivity which is precipitable with 10% trichloroacetic acid (TCA). The same occurs when
Na125I is given by mouth. Parenteral administration of non-radioactive NaI before feeding Na125I
or 1251-labelled protein inhibits the appearance of TCA-precipitable radioactivity in the blood.
The results presented in this study show that measurement of TCA-precipitable radioactivity in
the blood after feeding 1251-labelled protein is not a reliable method for studying the passage of
macromolecules across the gastrointestinal barriers unless an excess of iodide is given.

The functions of mucosal barriers in health and
disease have attracted increasing interest in recent
years. Extrinsically radiolabelled protein prepara-
tions have often been used for studying the passage
of macromolecules through the gut wall.'- The
amount of protein penetrating the mucosal barriers
may be over-estimated when 1251-labelled protein
preparations are used.4 Udall et aP have shown that
small 'hot' fragments of radio-labelled protein can
bind to native serum proteins. They suggest that
small fragments arising from protein digestion in the
gastrointestinal tract may bind to circulating plasma
proteins, thereby simulating the passage of large
molecules from the gut to the blood. The present
study was undertaken to investigate whether or not
measurement of trichloroacetic-acid-precipitable
radioactivity in the blood after oral administration
of 125I-labelled protein is a reliable model for
studying the passage of protein across the gut
mucosa.

Methods

ANIMALS
BALB/c mice of both sexes, aged 8-16 weeks, were
used.

CHEMICALS
Carrier-free Na125I was obtained from Kabi
Diagnostica, Nyk6ping, Sweden. Lyophilised
human serum albumin (HSA) substituted with 35
dinitrophenyl (DNP) groups per molecule
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(Calbiochem, La Jolla, Cal, USA) was dissolved in
phosphate-buffered saline (PBS, pH7.6) and
labelled with 125I by the lactoperoxidase method.6 A
final concentration of 1.4 mg DNP35HSA per ml was
used unless otherwise stated.

ANTISERA
IgG-anti-DNP from sera of rabbits immunised with
DNP keyhole limpet haemocyanin was prepared
and characterised as described elsewhere (in
preparation), Fluorescein-isothiocyanate (FITC)
-labelled sheep anti-rabbit IgG (Wellcome Reseach
Laboratories, Beckenham, England) was used.

EXPERIMENTAL PROCEDURES
Mice kept fasting for approximately 18 hours were
given intravenous injections of 0.5 ml and
subcutaneous injections of 2 ml 0-15M NaCl or
0-15M NaI. 0-5 ml 125I-DNP35HSA (0.7 mg) or 0.5
ml Na125I (0.05 mCi) was given via a gastric tube
under light ether anaesthesia. The mice were
allowed to awake with free access to water and food,
and blood samples were taken from the retro-orbital
vein plexus at regular time intervals. The blood was
immediately transferred to 2 ml 10% (w/v)
trichloroacetic acid. After 30 minutes or more at
+4°C the samples were resuspended in tri-
chloroacetic acid and centrifuged again. Radio-
activity in the pellets was measured in an Intertech-
nique Model CG30 gamma counter. For immuno-
fluorescence experiments mice were given 0-1 ml
diluted DNP35HSA (0.8 mg/ml) intravenously, or
0.5 ml concentrated (16 mg/ml) DNP35HSA via a
gastric tube. The animals were killed by
decapitation after 15 minutes or three hours. The
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livers were removed and snap frozen in cold
(-70°C) methyl butane, and 5-,um cryostat sections
were cut. Rabbit IgG-anti-DNP was applied to the
sections for 30 minutes in a moist chamber at room
temperature. The slides were washed in PBS, and
FITC-anti-rabbit IgG was then applied to the
sections for a further 30 minutes. After washing in
PBS the slides were mounted in PBS-buffered
glycerine and examined in a Zeiss Model Standard
microscope equipped with mercury lamp epi-
illumination (Osram HBO 50W) and filters for FITC
activation/emission (2xKP 470, LP 455, FT 510, and
LP 520). Photomicrographs were taken with Kodak
Tri-X film.

Results

In mice given physiological saline before feeding
Na125I (0.05 mCi), trichloroacetic-acid-precipitable
radioactivity rapidly appeared in the blood (Fig. 1).
Analysis of the radioactivity distribution in the
blood after 15 minutes showed that more than 98%
of the 125I-activity was confined to the plasma, and
that about 40% of the total radioactivity was
precipitable with trichloroacetic acid. No radio-
activity peaks were recorded between the blood
sampling occasions as measured continuously on
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Fig. 1 Uptake oftrichloroacetic acid-precipitable
radioactivity into the blood ofmicefed 0.5 ml (0.05 mCi)
Na'25I after intravenous and subcutaneous injections of (a)
0.15M NaCl (0-0) and (b) 0-15M Na! (0-0). Each curve
shows mean values (SEM) for three experiments.

control animals using a non-invasive method
described elsewhere.7 The appearance of
trichloroacetic-acid-precipitable radioactivity in the
blood was effectively inhibited in mice given 0.15M
NaI before feeding Nal25I (Fig. 1).
When 0.7 mg 2 I-DNP35HSA was fed to fasting

mice, trichloroacetic-acid-precipitable radioactivity
appeared very rapidly in the blood (Fig. 2). The
blocking effect of 'cold' NaI was evident also in this
experimental model (Fig. 2).
The immunofluorescence pattern of a liver 15

minutes after intravenous injection of 0.08 mg
DNP35HSA is shown in Fig. 3. By this time marked
uptake by the non-parenchymal liver cells was
evident. The same distribution was seen in livers
examined three hours after the injection. When 8
mg DNP35HSA was given via a gastric tube no
deposition of DNP35HSA could be detected in the
livers by means of indirect immunofluorescence
microscopy.

Discussion

Extrinsically radiolabelled proteins are often used to
study the passage of intact macromolecules or large
breakdown products across the gastrointestinal
mucosa to the blood. After feeding 125I-labelled
proteins to rats Hemmings and Williams3 found
substantial amounts of tungstic-acid-precipitable
radioactive material in the blood and in various
tissues. Eight hours after oral administration of
bovine IgG, 5% of the dose was tungstic-acid-
precipitable in serum. Andre et a12 reported that
approximately 2% (0.3%/ml) of an oral load of
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Fig. 2 Uptake oftrichloroacetic acid-precipitable
radioactivity into the blood ofmicefed 0.5 ml (0.7 mg)
I25I-DNP35HSA after intravenous and subcutaneous
injections of (a) 0-15M NaCl (0-0) and (b) 0-15M NaI
(0-0). Each curve shows mean values (±SEM) for three
experiments.
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Fig. 3 Immunofluorescence
corresponding to DNP groups
within the non-parenchymal
liver cells ofa mouse 15
minutes after intravenous
injection ofDNP35HSA
(original magnification x250).

25I-HSA was found in the sera of rats two hours
after feeding the substance. Warshaw et all reported
that 1-2% of the dose of extrinsically 3H-labelled
bovine serum albumin was recovered from serum
within three hours of intraduodenal administration
in rats. In this study trichloroacetic-acid-precipitable
radioactivity was found in the blood shortly after
feeding 125I-labelled DNP35HSA to mice. The same
occurred when Nal251 was given. Lysis of the red
blood cells by detergent before trichloroacetic-acid-
precipitation did not affect the results (unpublished
results). The amount of trichloroacetic-acid-
precipitable radioactivity was drastically reduced
when the animals were given non-radioactive Nal
before the intragastric administration of 1251.
DNP35HSA or Na'251. It is probable that iodine,
which is split off from the 21 I-labelled protein by
intestinal de-iodinases,89 passes across the gut wall
and binds to circulating plasma proteins. It will then
be possible to precipitate the radioactivity with
trichloroacetic acid. The '251-binding capacity is
saturable and can be blocked by 'cold' Nal. The
present results conflict with the findings of Jonesl'
who fed Nal251, [1251] diiodotyrosine, or 1251-labelled
proteins to suckling rats, and measured radioactivity
in the sera after three hours; only after giving
1251-labelled proteins was the radioactivity
precipitable with trichloroacetic acid.

Measuring the blood levels of trichloroacetic-acid-
precipitable radioactivity after feeding 1251_
DNP35HSA to mice pre-treated with 'cold' Nal

disclosed no substantial transfer of intact protein
from the gut to the blood. Even had transfer
occurred, however, it would not have been possible
to detect any significant amounts of intact protein in
the blood, as DNP35HSA is cleared very rapidly
from the circulation10 and becomes located mainly
in the liver.1' Large quantities of DNP35HSA were
therefore given orally to mice, and the livers were
examined after three hours. By this time it could be
expected from the results of others'-3 that at least
1% of the dose would have passed undegraded to
the blood. In the present experiments this would
correspond to an intravenous injection of 0.08 mg
DNP35HSA. When this dose was injected, immuno-
fluorescence microscopy revealed massive uptake of
DNP35HSA by the non-parenchymal liver cells both
15 minutes and three hours later. In contrast,
indirect immunofluorescence microscopy showed no
deposition whatsoever in the livers of mice fed 8 mg
DNP35HSA. This observation supports the
impression that uptake of intact protein by the
normal gut is exceedingly small, and that it has been
overestimated in many earlier reports.
Nevertheless, it is quite possible that small
fragments of dietary protein enter the blood stream,
where they may bind to circulating plasma proteins.5
If such fragments possess antigenic determinants,
immunological reactions may follow. In the present
study dinitrobenzene groups were found in the urine
after oral administration of DNP35HSA
(unpublished observations).
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