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Migration of blood lymphocytes into the
lumen of the small intestine has been re-
ported (1, 2). The origin of these lympho-
cytes remains unknown; however, the thy-
mus has been proposed as a possible source
(3). Following local thymic labeling with a
radioactive DNA precursor, a slight accu-
mulation of radioactivity has been detected
in the intestine and its contents (4). If mi-
grants are not catabolized in the intestine,
the enteric loss of these labeled thymocytes
might be quantitated by measuring fecal ra-
dioactivity. To our knowledge, quantitative
data on the kinetics of breakdown in the
intestinal lumen of cells labeled with radio-
active DNA precursors are not available.
The present experiments were designed to
evaluate the fate of donor thymocytes la-
beled with either !'*iododeoxyuridine
(**IUdR) or tritiated thymidine (*HTdR)
and injected into the small intestine of recip-
ient mice.

Materials and methods. Random bred, fe-
male Swiss albino mice of the Hale-Stoner
strain, 8 to 12 weeks old, were used as
donors and recipients. Two days before in-
trajejunal (ij) injection of cells labeled with
12IUdR, KI (0.5 mg/ml) was added to the
drinking water of recipients (4). The intes-
tinal flora of one group of conventional mice
was removed by adding high doses of non-
absorbable antibiotics to the drinking water
and housing under sterile conditions for 1
week as reported by van Bekkum and co-
workers (5).

5-*Ilodo-2'-deoxyuridine (New England
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Nuclear, Boston, Mass.; sp act > 200 Ci/
mmole; 203 to 480 uCi/ml) was diluted
with normal sterile saline (9 mg/ml) to con-
tain 100 wCi/ml. Donor mice were labeled
by two to four iv or ip injections at 6- to 12-
hr intervals (total dose per mouse 20, 40, or
70 wCi). Thymidine (methyl-*H; Schwarz/
Mann, Orangeburg, N.Y.; sp act 1.9 Ci/
mmole; 1 mCi/ml; diluted with normal sa-
line to contain 200 wCi/ml) was injected ip
into donor mice at 8-hr intervals (eight in-
jections, total dose per mouse 160 uCi). All
donors were killed by ether overdose 24 hr
after the last injection. Donor thymi were
minced in Hanks’ balanced salt solution
(HBSS, without Ca and Mg; Gibco, Grand
Island, N.Y.) to which 4 mg/ml of Na,
EDTA had been added. The cell suspen-
sions were forced through 22-gauge
needles, filtered with nylon mesh, washed
twice in 50 ml of HBSS and concentrated to
contain about 1 to 9 X 107 cells per dose.
This corresponded to approximately 3000
and 6000 cpm for '*I and *H, respectively.
Trypan blue-positive cells were enumerated
(6). In a control experiment, the suspended
cells were killed by repeated freezing and
thawing. Mice were anesthetized by ip so-
dium pentobarbital (4). The proximal end
of the recipient jejunum was exposed
through a small (5 mm) incision, and 0.05
ml of the cell suspension was injected ij
using a 30-gauge atraumatic needle. The
wound was closed and the animals placed in
individual plastic cages (4). Recipients were
killed at the time indicated in the figures.
The intestine (pylorus to anus) and its con-
tents, carcass, feces, urine, and in some in-
stances spleen and thymus were collected
and kept at 4° prior to counting '*I-activity
in a well-type scintillation counter (Nuclear
Chicago, 1185 series). Aliquots of thymo-
cytes labeled with 3HTdR and tissues of re-
cipient animals were subjected to formalin
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extraction of acid-soluble radioactivity
(ASR) (4). Total tritium activity of tissues
and formalin extracts was determined by
scintillation counting following oxidation
(TriCarb oxidizer, Packard).

Results. Thymocyte suspensions were es-
sentially monodispersed and contained less
than 10% trypan blue-positive cells. More
than 90% of the radioactivity of the suspen-
sion was cell-bound and not extractable with
formalin. In the control experiment, more
than 95% of the morphologically recogniz-
able cells were stained by trypan blue.

Following injection of thymocytes labeled
with '»IUdR, the decline of radioactivity of
the recipient intestine and its contents could
be described by two exponential compo-
nents, with a high rate of activity loss during
the first 5 hr (Fig. 1). Viability of the cells
prior to injection did not significantly affect
the rate of '*I-activity loss, i.e., 35.6, 9.9,
and 4.5% of the intestinal activity present at
0 hr remained 1, 3, and 5 hr following injec-
tion of thymocytes killed by freezing and
thawing. The bulk of the injected '*I-activ-
ity lost from the intestine was recovered in
the urine, the '*I-activity curve of the latter
essentially mirroring the intestinal activity.
Less than 3% of the initial activity appeared
in the feces.

During the first 4 to 5 hr following ij
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Fi6. 1. Normalized '#I-activity (percentage of in-
testinal activity at 0 hr, =SD) versus time (0, 1, 2.5, 3,
4,5, 10, and 24 hr) following ij injection of thymocytes
labeled with '*TUdR. Triangles (average of three mice)
and circles (average of two mice) represent data from
two separate experiments. The curves were fitted by
cye. ®A = Intestine and contents; OA = cumulative
urinary activity; ©A = cumulative fecal activity.
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injection, intestinal loss of '**I-activity in
recipients pretreated with antibiotics (Fig.
2) was nearly as rapid as that observed in
conventional mice. Thereafter, a slower rate
of loss was observed; however, values at 24
hr postinjection were not significantly dif-
ferent from those seen in conventional mice.
The proportion of cumulative **I-activity in
the feces was somewhat higher than in con-
ventional animals. The sum of activities re-
covered in urine, feces, intestine, and the
remainder of the body during the first 24 hr
postinjection accounted for the near-totality
of the initial radioactivity in both groups.

Tritium activity was lost from the intes-
tine initially as rapidly as '**I-activity; 3 hr
after ij injection approximately 10% of the
total initial *H-activity remained in the in-
testine (Fig. 3). Thereafter, the loss of *H-
activity was slow. The relative activity of the
intestine including ASR 24 hr postinjection
was about 15 times higher than the corre-
sponding values for '#1.

Discussion. Thymocytes labeled with
SHTdR or '»*IUdR appeared to be rapidly
catabolized in the small intestine. Elimina-
tion of #I-activity in the feces was, how-
ever, minimal. It was observed carlier that
the fecal radioactivity following systemic la-
beling with »IUdR remained low even
though the major part of activity was lost
from the intestine presumably through
sloughing of labeled epithelial cells into the
lumen. The bulk of the label was apparently
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FiG. 2. Recipients were pretreated with antibiotics.
1%5]-activity (percentage of intestinal activity at O hr,
average of four to five mice, £SD) versus time follow-
ing ij injection of thymocytes labeled with *IUdR.

Symbols analogous to those used in Fig. 1.
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FiG. 3. Normalized *H-activity (percentage of in-
testinal activity at O hr, average of five mice, =SD) of
intestine and contents = @, formalin extracts = O, and

sum of activities of intestine and formalin extracts = o, -

versus time (0, 1, 3.5, 10, 24, and 48 hr) following ij
injection of thymocytes labeled with *"HTdR.

reabsorbed and could be recovered in the
urine (4).

It is unlikely that damage due to radiotox-
icity to thymocytes prior to ij injection
would significantly alter the interpretation
of the results, since the proportion of ASR
as well as the number of trypan blue-posi-
tive cells in the suspensions remained low.
Presumably, the thymocytes were killed
very rapidly, since the breakdown of dead
cells occurred essentially at the same rate as
that of viable counterparts.

Catabolism of viable or of dead cells and
excretion of breakdown products was ini-
tially very rapid. Similarly, Kotani and co-
workers (1) found a rapid increase in *H-
activity of portal blood and thoracic duct
lymph following injection of lymphocytes
labeled with *HTdR into the small intestine.
In portal vein serum, *H-activity was associ-
ated with thymine, thymidine, and thymi-
dylic acid (1).

Selective removal of '#°] from intact DNA
labeled with **IUdR has not been demon-
strated in vivo (7). The marked similarity of
the initial phase of activity loss following ij
injection of cells labeled with '*IUdR or
3HTdR is compatible with this observation,
since cell death followed by degradation of
DNA labeled with *HTdR is considered the
only way in which *H could be lost from a
tagged cell (8). Ingested nucleic acids are
degraded in the small intestine by intestinal
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and pancreatic nucleolytic enzymes to yield
absorbable nucleosides, free bases and inor-
ganic phosphate (9-11), and DNA, nor-
mally present in the food, has not been
listed among the normal constituents of hu-
man feces (10).

Catabolites of DNA from *HTdR-labeled
lymphocytes injected either intraintestinally
(1) or intravenously (12) are locally and
systemically reutilized by cell renewal sys-
tems in the body. In the present experiment,
thymus and spleen of recipient mice showed
very low, but definite *H-activity 24 hr fol-
lowing ij injection of labeled thymocytes,
whereas no 'I-activity could be detected in
these organs. Local intestinal utilization,
and hence reutilization, may be less than
systemic utilization: the intestinal uptake of
3HTdR and '®IUdR, following intraintes-
tinal injection is about 50 and 85%, respec-
tively, less than following ip administration
of the same isotope dose (13). This differ-
ence may be due to a poorer intestinal up-
take of '2*IUdR and/or more active cataboli-
zation in the intestine or liver (7, 13).

Whereas substantial *H-activity not asso-
ciated with DNA persists for long periods of
time following labeling with SHTdR (14,
15), 3'I not incorporated into DNA is rap-
idly lost following iv injection of '3IUdR
(7). Therefore, the slower phase of activity
loss following ij injection of 3HTdR-labeled
as compared to '*IUdR-labeled thymocytes
may indicate a slower loss of *H-activity not
associated with DNA and/or a greater reu-
tilization.

The intestinal flora did not appear to play
a significant role in the rapid catabolism of
labeled cells, because no marked difference
was observed between conventional animals
and mice pretreated with antibiotics that
effectively sterilized the gut. Similarly, the
rapid intestinal hydrolysis of nucleotides in
vitro was not altered by addition of antibiot-
ics to the system (16).

It is concluded that cells labeled with ra-
dioactive DNA precursors may be detected
in the intestinal lumen only for a short time;
additional techniques such as intestinal per-
fusion may be required to disclose the pres-
ence of labeled migrants in the gut.

Summary. A suspension of thymocytes la-
beled with '*IUdR or *HTdR was injected
into the jejunum of mice. The bulk of the
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radioactivity disappeared within few hours
from the intestine and was recovered princi-
pally in the urine. This indicated a very
rapid breakdown of labeled thymic cells,
reabsorption and subsequent elimination of
the tracer in the kidney. In mice injected
with cells labeled with 3HTdR, the initial
rapid loss of radioactivity was of shorter
duration, and slower during the second
phase, presumably due to more extensive
reutilization and/or prolonged persistence
of acid-soluble radioactivity. Pretreatment
of the recipients with antibiotics did not sig-
nificantly reduce the rate of radioactivity
loss.
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