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Abstract : Macromolecular clearance via lymphatic flow has become an important consideration
in recent years due to its relation to a wide range of concerns including cancer metastasis and drug
delivery. In this study, the macromolecular clearance from the tongue to regional lymph nodes
through the lymphatic flow was investigated by observing the distribution and the quantity of
albumin in the submandibular lymph nodes (SMLs) and the deep cervical lymph nodes (DCLs) of
mice at various periods after the injection of albumin.

The bovine serum albumin tagged with fluorescein isothiocyanate (FITC-Alb) was injected into
the right margin of the tongue. After 5, 30 and 60 minutes, DCLs, SMLs and the tongue were
extracted, fixed in neutral 4% paraformaldehyde, and embedded in paraffin. Serial sections were cut
and the tissue was observed by fluorescence microscopy. In addition, “C-methylated bovine
albumin (RI-Alb) was injected in the same manner, and the levels of RI-Alb in SMLs, DCLs and
blood were quantified using a liquid scintillation counter.

Five minutes after the FITC-Alb injection, FITC-Alb was observed at the apex of the tongue. At
60 minutes after the FITC-Alb injection, the FITC-Alb had not diffused to the outside of the tongue.
These observations suggest that the FITC-Alb had overcome the lingual septum during the initial
5 minutes, but remained confined to the interior of the tongue for the rest of the experimental
period.

Significantly increased levels of RI-Alb were found in the SMLs on the injection side than in
SMLs on the contralateral side during the experimental time. Further, FITC-Alb was observed in
part of the subcapsular sinus and in the cortical area, but not in the lymph follicles (LF) lying just
beneath. These results indicate that macromolecular clearance from the tongue was predominantly
to the regional lymph nodes on the injection side. In addition, there was an accumulation of the
injected albumin in the subcapsular sinus and cortical area but not in the LFs of a decided segment
of the regional lymph nodes. The labeled albumin had also flowed into both SMLs during the initial
5 minutes. The albumin collected in the SMLs continuously until the subcapsular sinus was filled,
and then the flow of albumin into SMLs ceased. The labeled albumin from the SMLs moved into the
DCLs between 30 minutes and 60 minutes after the injection.
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Fig. 1. Tongues taken from a normal mouse and

from mice at 5, 30 or 60 minutes after an
injection of FITC-Alb. The left side of
figures is the apex of the tongue.
a : A section of normal tongue. b : A
section of tongue at 5 minutes after the
injection of FITC-Alb. FITC-Alb was
injected into the right margin of the
tongue, and fluorescence was observed at
the apex of the tongue, on both the
injected and contralateral side. FITC
fluorescence was not detected in the root
of the tongue. ¢ : Thirty minutes after the
injection. In the apex of the tongue, the
FITC-Alb was observed on both sides as
above, however, the area of fluorescence
enlarged to more posterior areas of
tongue. d Sixty minutes after the
injection. The distribution of fluorescence
was similar to that at 30 minutes after
the injection.
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Fig. 2. Submandibular lymph nodes and deep cervical lymph nodes at 5 minutes after an injection of

FITC-Alb.

a : The right submandibular lymph node. FITC-Alb was observed at the subcapsular sinus and in
the cortical area, but not in the lymph follicles (LFs). b : The left submandibular lymph node. The
distribution of FITC-Alb was similar to that in the right submandibular lymph node, but the
strength of the fluorescence was weaker. ¢ : The right deep cervical lymph node. d : The left deep
cervical lymph node. FITC-Alb was not detectable in any area of the deep cervical lymph nodes

on either side.
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Fig. 3. Submandibular lymph nodes and deep cervical lymph nodes at 30 minutes after an injection of

FITC-Alb.

a : The right submandibular lymph node. b : The left submandibular lymph node. FITC-Alb was
observed at the subcapsular sinus and in the cortical area, but not in the lymph follicles (LFs). No
obvious difference in the fluorescence strength between the lymph nodes was observed, and the
fluorescence was similar to that in the right submandibular lymph node at 5 minutes after the
injection. ¢ : The right deep cervical lymph node. d : The left deep cervical lymph node. FITC-Alb
was not detectable in any area of the deep cervical lymph nodes on either side.
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Fig. 4. Submandibular lymph nodes and deep cervical lymph nodes at 60 minutes after an injection of
FITC-Alb
a : The right submandibular lymph node. b
fluorescence was similar in both lymph nodes. The distribution and strength of the fluorescence
was similar to that observed at 30 minutes after the injection. ¢ : The right deep cervical lymph
node. d : The left deep cervical lymph node. FITC-Alb was not detectable in either lymph node.
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. The quantity of RI-Alb detected in the

submandibular lymph nodes at various
times (5, 30 and 60 minutes) after an
injection of RI-Alb.

Multivariate analysis of the levels of
RI-Alb in the right submandibular lymph
nodes (solid bars) and in the Ileft
submandibular lymph nodes (white bars)
at different time points. Data are
expressed as means and standard
deviations.*: P<0.05, * *: P<0.0l. (unit :
decays per minute DPM) RI-Alb was
present at significantly higher levels in
the right submandibular lymph nodes
than in the left submandibular lymph
nodes at all times examined. In the right
submandibular lymph nodes, the levels of
RI-Alb increased significantly at 30
minutes after the injection over that
observed at 5 minutes after the
injection. In the left submandibular
lymph nodes, significant increases in the
levels of RI-Alb were observed at 30
minutes and at 60 minutes after the
injection over that observed at 5
minutes after the injection. For these
experiments, n= 5.
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Fig. 6. The quantity of RI-Alb detected in the
deep cervical lymph nodes at various
times (5, 30 and 60 minutes) after an
injection of RI-Alb.
Multivariate analysis of the total levels
of RI-Alb in both the right and left deep
cervical lymph nodes at various times.
Data are expressed as means and
standard deviations. *: P<0.05. (unit :
decays per minute DPM) The levels of
RI-Alb were increased significantly at 60
minutes after the injection over that
observed at 5 minutes after the
injection. For these experiments, n= 5.
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Fig. 7. The quantity of RI-Alb detected in the

blood at various times (5, 30 and 60
minutes) after an injection of RI-Alb.
Multivariate analysis of the levels of
RI-Alb in the blood at various times. Data
are expressed as means and standard
deviations. *: P<0.05. (unit : decays per
minute DPM) The levels of RI-Alb were
increased significantly at 30 minutes and
at 60 minutes after the injection over that
observed at 5 minutes after the
injection. In addition, and there was a
insignificant elevation in RI-Alb levels at
60 minutes after the injection over that
seen at 30 minutes after the injection. For
these experiments, n= 4.
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