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Lymphatic Pump Treatment Mobilizes Leukocytes
from the Gut Associated Lymphoid Tissue into Lymph
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Abstract

Background: Lymphatic pump techniques (LPT) are used clinically by osteopathic practitioners for the treatment
of edema and infection; however, the mechanisms by which LPT enhances lymphatic circulation and provides
protection during infection are not understood. Rhythmic compressions on the abdomen during LPT compress
the abdominal area, including the gut-associated lymphoid tissues (GALT), which may facilitate the release of
leukocytes from these tissues into the lymphatic circulation. This study is the first to document LPT-induced
mobilization of leukocytes from the GALT into the lymphatic circulation.
Methods and Results: Catheters were inserted into either the thoracic or mesenteric lymph ducts of dogs. To
determine if LPT enhanced the release of leukocytes from the mesenteric lymph nodes (MLN) into lymph, the
MLN were fluorescently labeled in situ. Lymph was collected during 4 min pre-LPT, 4 min LPT, and 10 min
following cessation of LPT. LPT significantly increased lymph flow and leukocytes in both mesenteric and
thoracic duct lymph. LPT had no preferential effect on any specific leukocyte population, since neutrophil,
monocyte, CD4+ T cell, CD8+ T cell, IgG+B cell, and IgA+B cell numbers were similarly increased. In addition,
LPT significantly increased the mobilization of leukocytes from the MLN into lymph. Lymph flow and leukocyte
counts fell following LPT treatment, indicating that the effects of LPT are transient.
Conclusions: LPT mobilizes leukocytes from GALT, and these leukocytes are transported by the lymphatic
circulation. This enhanced release of leukocytes from GALT may provide scientific rationale for the clinical use
of LPT to improve immune function.

Introduction

The lymphatic system collects proteins and excess
interstitial fluid into afferent lymphatic vessels. This

lymph also carries antigens and antigen-bearing cells from
infected tissues to lymph nodes, where antigen-specific im-
mune responses are initiated.1 The resulting primed lym-
phocytes then exit the lymph nodes via efferent lymphatic
vessels and re-enter the lymphatic circulation. The thoracic
duct is the largest lymphatic vessel, and it transports lymph
from most body tissues, excluding the right arm, the right side
of the head, neck and chest, and the right lung and lower left
lung lobe, which are drained by the right lymphatic duct.2

Lymph from the thoracic duct enters the blood circulation at
the left subclavian vein, allowing primed lymphocytes to
enter general blood circulation.3 This lymphocyte recircula-

tion facilitates interactions of lymphocytes with foreign anti-
gens in blood and tissue, and is an important component of
the immune system.

Unlike circulating blood, the movement of lymph through
lymphatic vessels is not maintained by the pumping of the
heart. Instead, lymphatic circulation is maintained through
the rhythmic, phasic contraction of lymph vessel walls and
external compression of the lymph vessels. A series of one-
way valves along the vessels ensures unidirectional lymph
flow toward their junction with the blood circulation.1,2 For-
ces external to the lymph vessels such as respiration, intestinal
peristalsis, and muscle contraction facilitate lymph flow.3 In
addition, activities such as exercise,4,5 passive limb move-
ment,5,6 and body-based manipulative medicine tech-
niques4,7,8 have been shown to increase thoracic duct lymph
flow.
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Diseases that result in congestion of the lymphatic circu-
lation, such as infection and lymphedema, can inhibit leuko-
cyte recirculation and exacerbate the disease process.9–11

Therefore, interventions that relieve lymphedema and en-
hance lymph-tissue recirculation of immune cells, immune
products, or pharmaceuticals should aid in the treatment of
infectious disease. Specifically, limb elevation and compres-
sion garments reduce filtration of fluid from vascular capil-
laries and accelerate removal of excess interstitial fluid by
the lymphatic drainage.12 This lymphatic drainage can be
further stimulated by intermittent, external pneumatic com-
pression.13 In addition, manual therapies used by osteopathic
practitioners, physical therapists, and massage therapists
have been reported to reduce lymphedema.14,15

Osteopathic physicians believe that removing obstructions
to tissue blood and lymph flow is one of the most effective
ways to promote and restore health.9,15,16 A group of osteo-
pathic manipulations known collectively as the lymphatic
pump techniques (LPT) are designed to enhance lymph return
from specific areas of the body. These techniques include the
thoracic, liver, splenic, and pancreatic pumps, the pedal
pump, and the abdominal lymphatic pump.9,16 In addition to
reducing edema, the increased lymph flow that results from
these treatments is thought to accelerate the removal of cel-
lular wastes, toxins, and bacteria from the interstitial fluid.17

These lymphatic pump techniques are also reported to
enhance immune function.8,18–20 In clinical studies, LPT in-
creased vaccine-specific antibodies,21,22 reduced antibiotic use
during infection,23–25 and reduced the duration of hospital
stay in elderly patients with pneumonia.25 Collectively, these
studies suggest that LPT stimulates immune responses, which
may accelerate the clearance of infection. However, the
mechanisms by which LPT may enhance immunity and pro-
vide protection during infection are still poorly understood.

Previously, we demonstrated that abdominal LPT in-
creased leukocyte counts in thoracic lymph;8 however, the
tissue source of these mobilized leukocytes was unknown.
Studies to identify the source of thoracic duct lymphocytes
indicate that the majority of thoracic duct lymphocytes are
derived from the gut-associated lymphoid tissue (GALT).26–29

Rhythmic compressions of the abdomen during LPT most
likely compress regional lymphoid tissues, including the
gastrointestinal mucosa, which may release pooled leuko-
cytes into the lymph circulation. The purpose of this study
was to determine if, in fact, abdominal LPT increases leuko-
cytes in both thoracic and mesenteric duct lymph, and de-
termine if the mesenteric lymph nodes (MLN) are a source
of these leukocytes.

Materials and Methods

Animal procedures

This study was approved by the Institutional Animal Care
and Use Committee and conducted in accordance with the
Guide for the Care and Use of Laboratory Animals (NIH Pub-
lication no. 85-23, revised 1996). Seventeen adult mongrel
dogs, free of clinically evident signs of disease were used for
this study.

Surgical techniques. Dogs were anesthetized with
sodium pentobarbital (30 mg/kg, i.v.). After endotracheal
intubation, the dogs were ventilated with room air supple-

mented with O2 to maintain normal arterial blood gases. A
femoral arterial catheter provided blood samples to measure
arterial blood gases, and this catheter was also connected to a
transducer to monitor arterial blood pressure, which re-
mained normal throughout the experimental protocols. A
femoral venous catheter was used to administer supplemen-
tary anesthetic.

Collection of thoracic duct lymph. In six dogs, the chest
was opened by a thoracotomy in the left fourth intercostal
space. The thoracic duct was isolated from connective tissue
and ligated. Caudal to the ligation, a PE 60 catheter (i.d.
0.76 mm, o.d. 1.22 mm) was inserted into the duct and secured
with a ligature. Approximately 60 min following cannulation of
the thoracic duct, thoracic lymph was collected at 1 min inter-
vals during 4 min pre-LPT (baseline), during 4 min of LPT,
and at 2–5 min intervals for 10 min following cessation of LPT
(post-treatment condition). Lymph flow rate was computed
from the volume of lymph collected during these time intervals.

Collection of mesenteric duct lymph. For collection and
analysis of mesenteric lymph, six dogs were surgically pre-
pared for experimentation as described above, except that
instead of opening the chest, a midline abdominal incision
was made to expose a large mesenteric lymph duct. This duct
was isolated, ligated, and a PE60 catheter was inserted into
the duct and secured with a ligature. This catheter was exte-
riorized through the abdominal incision, which was then
closed with 2-0 silk suture. Approximately 60 min following
cannulation of the mesenteric lymph duct, mesenteric lymph
samples were collected, and flow was measured as described
above for thoracic duct lymph.

Fluorescent labeling of mesenteric lymph nodes in
situ. Five dogs were surgically prepared for thoracic duct
lymph collection as described above, with incisions in both
the left chest and in the midline abdomen. After the abdom-
inal cavity was opened, readily visible mesenteric lymph
nodes (MLN) were labeled as previously described.30 Briefly,
12 mg of lyophilized 5(6)-Carboxyfluorescein diacetate
N-succinimidyl ester (CFSE) were dissolved in 5 ml dimethyl
sulfoxide (Sigma, St Louis, MO). Then, each MLN was directly
injected with 100–200 ml of CFSE, depending on the size of the
node. The abdominal cavity was closed with 2-0 silk suture.
The thoracic lymph duct was then catheterized for collection
of lymph as described above. Thoracic duct lymph samples
were collected at 1, 10, 20, 30, 45, and 60 min after labeling the
MLN with CFSE, and these lymph samples were analyzed for
CFSE-labeled leukocytes and free CFSE (see Figure 1). When
the concentration of CFSE labeled leukocytes in thoracic duct
lymph had reached a steady state, at 45–60 min post-labeling,
lymph was collected during 4 min pre-LPT (min 61, 62, 63,
and 64), during 4 min of LPT (min 65, 66, 67, and 68), and for
10 min post-LPT (78 min). The number of CFSE-labeled leu-
kocytes was measured in these lymph samples.

Lymphatic pump technique (LPT). The anesthetized ani-
mal was placed in a supine position. To perform abdominal
LPT, the operator contacted the animal with the hands placed
bilaterally at the costo-diaphragmatic junction. Pressure was
exerted medially and cranially sufficient to compress the lower
ribs until significant resistance was encountered, and then the
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pressure was released. Rib compressions were administered
at a rate of approximately 1/sec for a total of 4 min of LPT.

Analytical procedures

Leukocyte enumeration. Leukocytes were enumerated
using the Hemavet 950 (Drew Scientific, Waterbury, CT). To
compute the leukocyte flux, the total number of a specific
leukocytes population was multiplied by the lymph flow per
minute.

Determination of total fluorescence and fluorescing
leukocytes in lymph samples. Two-color immunofluores-
cent staining and flow cytometry were performed to identify
lymphocyte populations. Fluorescein isothiocyanate (FITC)
labeled anti-canine CD3, phycoerythrin (PE)-anti-canine B cell,
PE-anti-canine CD4, AlexaFluor 647-anti-canine CD8, FITC-
anti-canine IgA, or FITC-anti-canine IgG monoclonal anti-
bodies (mAb) (Serotech, Raleigh, NC) were used. A total of 106

cells were incubated with the mAb as described by the manu-
facturer. The cells were washed in staining buffer consisting of
Mg2þ-free, Ca2þ-free phosphate buffered saline supplemented
with 2% fetal bovine serum (HyClone Laboratories, Logan, UT)
and fixed with 0.05% paraformaldehyde until analyzed.

Following intranodal labeling of the MLN, lymph was
centrifuged and CFSE in supernatants of thoracic duct lymph
was measured with a Cary Eclipse spectrofluorometer (Var-
ian Inc., Palo Alto, CA). The excitation wavelength was
480 nm, and the emission signal was collected at wavelengths
from 500 to 570 nm. Each sample was scanned three times and
a mean value was computed.

Fluorescently labeled lymphoid cells were analyzed using a
Cytomics FC 500 flow cytometer (Beckman Coulter, Fullerton,
CA). Lymphocyte gates and detector voltages were set using
isotype control stained cells, and stained cell populations
were seen as distinct peaks or clusters of cells. The proportion
of each cell population was expressed as the percentage of the
number of stained cells. To determine the total number of a
specific lymphocyte population in a milliliter of lymph, their
percentage was multiplied by the total number of cells. To
determine the flux of a leukocyte population (cells/min), the
cell population number was multiplied by the thoracic duct
lymph flow.

Statistical analyses. Data are presented as arithmetic
means� standard error (SE). Values at individual time points
were analyzed and are plotted in figures. Mean values for pre-
LPT, LPT, and post-LPT conditions were computed for each
animal; these values were analyzed and are reported in tables.
For statistical evaluation, data were subjected to repeated
measures analysis of variance followed by a Tukey–Kramer
multiple comparisons post test. Analyses were performed
with Graphpad Prism version 5.0 for Windows, (GraphPad
Software, San Diego, CA). Differences among mean values
with P� 0.05 were considered statistically significant.

Results

Abdominal LPT increases leukocytes in thoracic
duct lymph

During the pre-LPT condition, thoracic duct lymph con-
tained 12.5� 2.2�106 leukocytes/ml, a value consistent with

prior measurements in dogs,8 rats,27,31 and humans.26 LPT
quickly increased leukocyte count in thoracic duct lymph
to a peak value 34.0� 15.0�106 cells/ml at 2 min of treat-
ment (P< 0.05, vs pre-LPT). For 4 min of LPT, the lymph
leukocyte count averaged 32.2� 9.4�106 cells/ml (P< 0.01,
vs pre-LPT). By 10 min post-LPT, the lymph leukocyte count
(11.8� 2.0�106 cells/ml) was not significantly greater than
the pre-LPT value (P> 0.05).

The thoracic duct lymph flow pre-LPT was 0.62� 0.12 ml/
min, and during the 4 min of LPT, the lymph flow averaged
4.2� 0.39 ml/min (P< 0.01, vs pre-LPT). By 10 min post-LPT,
thoracic duct lymph flow was still elevated at 2.0� 0.77 ml/
min (P< 0.05, vs pre-LPT).

Leukocyte flux was computed from the product of thoracic
duct lymph flow and cell count. Figure 2 illustrates dy-
namics of leukocyte flux in the thoracic duct. LPT markedly
accelerated leukocyte flux in the thoracic duct from
8.88� 2.0�106 cells/min to a peak value of 153� 67�106 cells/
min (P< 0.01, vs pre-LPT). For 4 min of LPT, the leukocyte flux
averaged 138� 43�106 cells/ml (P< 0.01, vs pre-LPT). By
10 min post-LPT, the leukocyte flux was significantly greater
than pre-LPT values (P< 0.05 vs pre-LPT). Fluxes of leukocyte
subpopulations in the thoracic duct are summarized in Table 1.
LPT had no preferential effect on any of these components, since
neutrophils, monocytes, total lymphocytes, CD4þ T cells, CD8þ
T cells, and IgAþ and IgGþ B cell numbers were similarly in-
creased. By 10 min post-LPT, flux of each of these cell types had
decreased, but tended to exceed pre-LPT values.

Abdominal LPT mobilizes leukocytes into mesenteric
duct lymph

The average pre-LPT leukocyte count in mesenteric lymph
was 6.3� 0.67�106 cells/ml, consistent with values previ-
ously reported for sheep32,33 and rats.27 Thus, basal mesen-
teric leukocyte count was approximately 50% of that of
thoracic duct lymph. LPT quickly increased leukocyte count
in mesenteric lymph to a peak value 18.0� 4.11 106 cells/ml
(P< 0.01, vs pre-LPT). For 4 min of LPT, the lymph leukocyte
count averaged 16.7� 3.8 106 cells/ml (P< 0.01, vs pre-LPT).
During LPT, the mesenteric leukocyte count remained ap-
proximately 50% of that thoracic duct lymph, so proportional
increases in leukocyte counts were observed in both the
mesentery and thoracic ducts. By 10 min post-LPT, the lymph
leukocyte count had fallen but returned to near the pre-LPT
value (P> 0.05, vs pre-LPT).

The average pre-LPT, mesenteric lymph flow was
0.35� 0.07 ml/min. During the first 2 min of LPT, the duct
lymph flow increased to an average of 1.4� 0.42 ml/min
(P< 0.05, vs pre-LPT). This initial increase in mesenteric flow
was proportionally similar to that observed for 4 min in the
thoracic duct. However, during the last 2 min of LPT, the
mesenteric duct lymph flow average fell to 0.87� 0.14 ml/
min (P< 0.05 vs pre-LPT). This finding suggests that LPT
mobilizes mesenteric lymph from a fluid pool that becomes
partially depleted during 4 min of LPT treatment. By 10 min
post-LPT, the mesenteric lymph flow was similar to pre-LPT.

As illustrated in Figure 3, LPT markedly increased flux of
leukocytes in mesenteric lymph. This flux increased from
an average pre-LPT value of 2.1� 0.25 cells/min to a
peak of 25.0� 6.2 cells/min at 2 min LPT (P< 0.01, vs base-
line). During the first 2 min LPT, mesenteric leukocyte flux
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averaged 25� 7.3 cell/min (P< 0.01, vs baseline). During the
later 2 min of LPT, mesenteric leukocyte flux subsided due to
less of an increment in lymph flow. LPT also increased flux of
CD4þ T cells, CD8þ T cells, and IgAþ and IgGþ B cells in
mesenteric lymph (Table 2).

Abdominal LPT mobilizes leukocytes from the mesenteric
lymph nodes into thoracic duct lymph

Immediately following intranodal labeling of the MLN
with CFSE, 80%–90% of leukocytes in samples of thoracic duct
lymph were labeled with CFSE. This percentage then gradu-
ally fell until, by 45–60 min postlabeling, the percentage of
labeled leukocytes in thoracic duct lymph was nearly constant
at approximately 16%. Thus, in this steady-state baseline
condition, about 16% of the thoracic duct leukocytes had
originated from labeled MLN. The initial greater percentage
of labeled leukocytes in thoracic duct lymph was most likely
due to extranodal labeling of leukocytes with CFSE that had
escaped from the injection sites. This view is supported by
detection of unbound CFSE in supernatant of samples of
thoracic duct lymph collected soon after injection of CFSE.
However, by 45–60 min following intranodal injections of
CFSE, unbound CFSE was no longer detected in thoracic duct
lymph. Thus, by 45–60 min postlabeling, the amount of CFSE
in thoracic duct lymph provided a stable index of the contri-
bution of MLN-derived leukocytes to total leukocytes in
thoracic duct lymph. This percentage of CFSE-labeled leuko-
cytes in the thoracic duct samples collected were 16� 3.1%
pre-LPT, 19� 4.8% during LPT, and 21� 7.7% post-LPT. If the
MLN were not a source of the leukocytes released into lym-
phatic circulation during LPT, the percentage of CFSE-labeled
leukocytes would have decreased markedly during LPT, since
thoracic duct flow increased. While LPT did not significantly
increase the percentage of CFSE labeled leukocytes in the

thoracic duct lymph, LPT did increase the lymphatic flux of
CFSE labeled leukocytes (Fig. 4), since thoracic duct lymph
flow was increased approximately 4-fold. Considering the
flux of leukocytes in the thoracic duct, and the percentage of
these leukocytes that were derived from MLN, these data
demonstrate that 4 min of LPT produced an incremental
mobilization of 27�106 leukocytes from MLN. Thus, the hy-
pothesis that LPT increases mobilization of leukocytes from
the MLN into the lymphatic circulation is supported.

Discussion

This report provides the first data on the effects of LPT on
mesenteric lymph flow and leukocytes in mesenteric lymph.
Consistent with prior studies of this laboratory on the ef-
fects of LPT on thoracic duct flow and leukocyte counts,4,7,8

abdominal LPT produced significant elevations of mesenteric
lymph flow and leukocyte counts and flux. While lymphatic
leukocyte numbers remained statistically elevated during the

FIG. 1. Thoracic duct lymph was collected at 0 (pre-injection) and at 1, 10, 20, 30, 45, and 60 min following intranodal
injection of the MLN with CFSE. Lymph was assayed for the numbers of CFSE-labeled leukocytes per minute and the amount
of free (unbound) CFSE.

Table 1. Abdominal LPT Increases Leukocyte Flux

in Thoracic Duct Lymph

Pre-LPT LPT Post-LPT

Neutrophils 0.27� 0.12 3.67� 0.96** 0.29� 0.01
Monocytes 0.34� 0.14 4.24� 1.18* 0.36� 0.10
Lymphocytes 10.32� 4.53 81.1� 22.2** 7.30� 2.30

CD4þ T cells 3.25� 0.62 43.7� 5.57** 5.10� 1.90
CD8þ T cells 1.24� 0.37 16.3� 4.12** 2.23� 0.76
IgAþ B cells 0.65� 0.18 9.02� 0.86** 0.60� 0.21
IgGþ B cells 1.06� 0.21 13.4� 4.81* 0.78� 0.18

Data are means�106 leukocytes/min� SE from 6 experiments.
*Greater than Pre-LPT and Post-LPT (P< 0.01), **Greater than Pre-

LPT and Post-LPT (P< 0.001).
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entire 4 minutes of LPT, a decline in leukocytes was observed
during the last 3-04 minutes of LPT, particularly in the mes-
enteric lymph. This was due primarily to reduced lymph flow,
and suggests that LPT mobilizes mesenteric lymph from a
fluid pool that can deplete within a few minutes of treatment.
Mesenteric lymph dynamics are of particular importance
since leukocytes from the GALT are transported by the mes-
enteric lymph circulation. LPT increased the numbers of IgA
and IgG surface-bearing B cells in mesenteric and thoracic
duct lymph, demonstrating that LPT is indeed able to mobi-
lize mature, antigen-specific lymphocytes from GALT into the
lymphatic circulation.

Of the leukocytes in thoracic duct lymph, approximately
16% came from labeled mesenteric lymph nodes. LPT mark-
edly increased lymph flow with no decrement in the per-
centage of labeled cells, thus demonstrating the ability of LPT
to significantly enhance mobilization of leukocytes from
MLN. It is important to note that only 25%–50% of the MLN
were labeled; therefore, the actual percentage of thoracic duct
leukocytes that originate from the MLN would be much
greater than our data indicate. The greatest increase in leu-
kocyte concentrations was observed during the last two
minutes of LPT (Fig. 4). These finding data indicate that it
takes approximately 2 minutes for leukocytes released from
the MLN to be transported into the thoracic duct.

LPT rapidly increased mesenteric leukocyte numbers in
lymphatic circulation, suggesting the GALT is a tissue source
that is sensitive to LPT. Leukocytes from the spleen exit via the
splenic vein and take hours to enter peripheral blood circu-
lation and lymphoid organs.30 Therefore, it is unlikely that
LPT mobilized leukocytes from the spleen into lymphatic
circulation within the 4 minutes of treatment. Furthermore,
splenectomy does not significantly alter thoracic duct lym-
phocyte numbers,29 suggesting that leukocytes from the
spleen do not readily migrate into thoracic duct lymph. Col-

lectively, these findings suggest that spleen is not a source of
the leukocytes mobilized into lymph during LPT.

While the release of leukocytes into lymph during LPT was
transient, 4 minutes of LPT produced a net increase of 6�108

leukocytes into thoracic duct lymphatic circulation. Although
this increase of leukocytes transported into circulation via
lymph during LPT may seem relatively minor compared to
the total leukocytes found in blood, increased mobilization of
leukocytes could enhance immune surveillance and promote
earlier responses to pathogens. Mature lymphocytes bearing
antigen-specific receptors recirculate continually from the
bloodstream through the peripheral or secondary lymphoid
organs, and then return to the bloodstream via the lymphatic
vessels.1,2 Most adaptive immune responses are initiated
when these recirculating lymphocytes recognize specific an-
tigens on the surface of an activated professional antigen
presenting cell.2 If this circulation of lymphocytes is restricted
in any way, there could be a delay in the immune response
to a pathogen, which could compromise the health of an

FIG. 2. Thoracic duct lymph was collected 1) pre-LPT, 2) during 4 min LPT, and 3) during 10 min post-LPT. Data are
means�106 total leukocytes/minute� SE or mean arterial blood pressure� SE from 6 animals. *Greater than Pre-LPT and
Post-LPT (P< 0.001).

Table 2. Abdominal LPT Increases Leukocyte Flux

in Intestinal Duct Lymph

Baseline LPT Recovery

Neutrophils 0.12� 0.03 1.79� 0.47** 0.22� 0.07
Monocytes 0.10� 0.02 1.10� 0.30** 0.29� 0.13
Lymphocytes 1.85� 0.23 13.1� 4.43** 1.90� 0.98

CD4þ T cells 1.36� 0.36 9.00� 3.47** 1.30� 0.50
CD8þ T cells 0.27� 0.08 1.84� 0.55** 0.29� 0.10
IgAþ B cells 0.28� 0.13 4.10� 3.42* 0.14� 0.05
IgGþ B cells 0.14� 0.06 2.00� 1.29* 0.45� 0.04

Data are means�106 leukocytes/min� SE from 6 experiments.
*Greater than baseline (P< 0.05). **Greater than baseline (P< 0.01)

and recovery (P< 0.05).
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individual.9,11,16,19 Therefore, LPT may be an approach to not only
to improve lymph flow but, more importantly may also increase
the release of lymphocytes into circulation, resulting in earlier and
more frequent encounters and responses to a pathogen.

The mucous membranes, which line the respiratory, di-
gestive, and urogenital tracts, are a major site of antigen en-
try.1,2 Studies have shown that antigen-specific lymphocytes
primed in the gastrointestinal tract can migrate into the lungs

and provide protection during pulmonary infection.34–38

Furthermore, leukocytes from the GALT comprise a different
array of immune specificities and responses than other tissues
due to the antigens that they encounter.39 Thus, LPT may not
only enhance circulation of leukocytes, but it may also facili-
tate the trafficking of local immune responses to other tissues,
such as the lungs, that may benefit from their presence during
infection.

FIG. 4. Sixty minutes after labeling the MLN in situ with CFSE, thoracic duct lymph was collected 1) pre-LPT, 2) during
4 min LPT, and 3) during 10 min post-LPT. Data are means�106 of CFSE labeled leukocytes/minute� SE or mean arterial
blood pressure� SE from 5 animals. *Greater than Pre-LPT (P< 0.05).

FIG. 3. Mesenteric duct lymph was collected 1) pre-LPT, 2) during 4 min LPT, and 3) during 10 min post-LPT. Data are
means�106 total leukocytes/minute� SE or mean arterial blood pressure� SE from 6 animals. *Greater than Pre-LPT and
Post-LPT (P< 0.01).
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In conclusion, clinical reports suggest that LPT, can stim-
ulate immune responses,20–22 which may accelerate the
clearance of infection.23–25 In support of this notion, we have
demonstrated that LPT increases the release of leukocytes
from the GALT into lymphatic circulation. The information
gained from this study provides a rationale for the use of LPT
to enhance immunity.
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