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Study of acute localised inflammation of the
gastrointestinal tract: the effluent lymph
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SUMMARY The effect of localised acute inflammation, produced by a small intestinal anasto-
mosis on the effluent lymph of the gastrointestinal tract and on the efferent lymph of the
mesenteric lymph glands has been studied in rats. There is a progressive increase in the output of
lymph from the gastrointestinal tract in rats with an intact anastomosis, but a decreased output in
animals with a disrupted anastomosis causing either generalised peritonitis or a localised para-
anastomotic abscess. The total white cell output is increased on the second day after constructing
an intact intestinal anastomosis and this increase is principally due to neutrophil polymorpho-
nuclear leucocytes. The neutrophil polymorphonuclear leucocyte response is prolonged, but has
returned to normal values at four weeks. Although the output of cells of the mononuclear
phagocytic series which are esterase positive is increased it is not statistically significant. An
intact anastomosis does not produce any alteration in the lymphocyte output. The neutrophil
polymorphonuclear leucocyte response to an intestinal anastomosis is decreased by a factor of
two and the non-lymphocytic, non-specific esterase positive cell response is decreased by a factor
of six by the mesenteric lymph glands which may be functioning in a 'filtering' capacity dealing
with agents originating at the anastomosis and noxious to the body.

The cellular changes associated with acute inflam-
mation have been studied at numerous sites using
various causative agents.' The inflammatory res-
ponse of the gastrointestinal tract has yet to be
critically examined. If the gastrointestinal mucosal
continuity is broken either deliberately or by a
disease process the body is exposed to the numerous
bacteria present in the lumen and mounts an appro-
priate inflammatory response.
An intestinal anastomosis produces a localised

discontinuity in the mucosa of the intestine. This is a
frequent procedure carried out during intestinal
surgery in humans. This break in mucosal continuity
results in an inflammatory response which, if success-
ful, enables mucosal continuity to be re-established.
Two factors are important in the re-establishment of
mucosal continuity, the inflammatory response and
epithelialisation of the luminal surface of the
anastomosis. A study of this inflammatory response
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may lead to a greater understanding of the factors
responsible for a successful outcome to intestinal
anastomoses and a greater knowledge of the
changes occurring during acute localised inflamma-
tion of the gastrointestinal tract.
The presence of inflammatory cells and oedema

are two of the characteristics of acute inflammation.
The tissue plasma proteins and the cellular debris at
the inflammatory focus cannot be absorbed directly
into the blood vessels.2 Similarly, cells at an
inflammatory focus cannot directly enter the blood
vessels.3 4 The tissue plasma proteins and cells must
enter the lymphatic channels before gaining access
to the systemic circulation. From a localised inflam-
.matory focus of the gastrointestinal tract this
involves entry of tissue plasma proteins and cells
into the lymphatic channels either directly or via the
peritoneal cavity. It would therefore seem logical
that the lymphatic effluent from the gastrointestinal
tract should be examined in any study of the cellular
effluent from an inflammatory focus which is based
on the gastrointestinal tract. A histological examina-
tion of the anastomosis would give only a static
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morphological indication of events occurring at the
time of taking the sample.
The purpose of the present study is to examine the

changes in the effluent lymph of the gastrointestinal
tract produced by local inflammation using the
model used in a previous study of this lymph.5

Methods

Inbred female rats (Lewis strain) were used after
being housed for at least four weeks in a conventional
animal house after removal from a specific
pathogen-free environment. Either normal rats or
rats that had, six weeks earlier, had their mesenteric
lymph glands removed (MLNX) were used in the
study. The mesenteric lymph glands in the rats are
found at three main sites; a group located near the
caecum, a chain of glands along the course of the
superior mesenteric vessels, and a group around the
portal vein.6 These lymph glands were carefully
avulsed with minimal damage to the surrounding
tissue. After removal of the mesenteric lymph
glands in the rats, the lymph flow from the gastro-
intestinal tract into the thoracic duct was re-
established by six weeks so that an analysis of the
thoracic duct lymph enabled a direct study to be
made of the effluent lymph from the gastrointestinal
tract.5
The localised acute inflammation of the gastro-

intestinal tract was produced by a small intestinal
anastomosis. This was constructed in an everting
end-to-end manner approximately 6-10 cm from
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Fig. 1 Diagrammatic representation of the modifications
ofthe experimental small intestinal rat model.

the ileocaecal junction using interrupted 0000000
silk sutures (Ethicon Ltd, Edinburgh).

Thoracic duct lymph analyses and histological
examinations of the anastomosis were performed in
a number of modifications of the experimental
model (Fig. 1). Rats with intact or disrupted small
intestinal anastomoses were examined. The disrup-
tion of the anastom9sis caused either a para-
anastomotic abscess or peritonitis. All anastomoses
were carried out using the previous technique, but
some spontaneously disrupted and these were
detected at necropsy.
The thoracic duct was cannulated under ether

anaesthesia.7 All those animals whose thoracic duct
lymph had been drained, also had a cannula inserted
into the inferior vena cava via the left femoral vein.
The rats received a continuous intravenous infusion
of 0-9% Na Cl containing 1 unit heparin/ml at a rate
of 3 ml/h. The rats were allowed unlimited access to
food and water.

Overnight collections of the thoracic duct lymph
were obtained; the lymph being collected in
siliconised conical flasks containing 5 ml Dulbecco
A plus B (DAB, Oxoid Ltd) solution with 20 units
heparin/ml at 0°C. The thoracic duct lymph was
collected for five days except in those animals with a
disrupted anastomosis. These animals could be
distinguished from those with an intact anastomosis
on the second day after surgery because they
stopped eating and their lymph became straw-
coloured as opposed to the opalescent colour of
normal gastrointestinal lymph. Such animals with a
disrupted anastomosis were killed on the third day.
The collections of overnight thoracic duct lymph

were measured and the time of the collection
recorded. The first collection was started
approximately six to nine hours after setting up the
experimental system. The lymph was centrifuged at
1000 rpm for 10 minutes at 4°C and the supernatant
removed. The cells were then washed twice with
DAB/10% fetal calf serum using siliconised glass-
ware. The cellular suspension was again centrifuged
at 1000 rpm for 10 minutes at 4°C and the super-
natant removed. The cells were finally re-suspended
in 10 ml DAB/10% fetal calf serum so that the
cellular concentration could be determined with the
improved Neubauer haemacytometer. Cytocentri-
fuge preparations were fixed in either formalin
vapour for one minute for non-specific esterase
staining or citrate buffered acetone solution (Sigma
London Chemical Company, Poole, UK) for 30
seconds for acid phosphatase staining. The non-
specific esterase was identified using a naphthyl
butyrate as substrate at pH 6.08 and counterstained
with Giemsa's stain. The acid phosphatase was
localised using naphthol AS-BI phosphate as
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substrate at pH 5-2 (Sigma London Chemical Com-
pany, Poole, UK) and counterstained with acid
haematoxylin. The histochemical techniques were
used to identify cells of the mononuclear phagocytic
system. The morphological characteristics of the
different cell types counted were identical with
those used in previous investigations.9
A phagocytic assay was performed incubating the

lymph cells in suspension with sensitised sheep red
blood cells and complement for 40 minutes at 37°C.
The non-phagocytosed sheep red blood cells were
removed with Tris ammonium chloride before
making cytocentrifuge preparations for non-specific
esterase or acid phosphatase staining.

After completing the thoracic duct lymph col-
lection, the site of the intestinal anastomosis was
excised. This portion of intestine was fixed in formal-
sublimate for 12 to 36 hours. In addition, small
intestinal anastomoses were performed in seven
normal rats. After five days (without cannulation of
the thoracic duct) the anastomosis was removed and
fixed in formal-sublimate. The fixed specimens were
dehydrated in a graded series of ethanol solutions,
cleared in chloroform and embedded in paraffin
wax. Tissue sections (5 ,um) were cut and stained
with haematoxylin and eosin.

All statistical analyses were carried out using
Student's unpaired t test.

Results

LYMPHATIC RESPONSE TO INTACT INTESTINAL

ANASTOMOSIS
The output of lymph from the gastrointestinal tract
of rats with an intact anastomosis continues to

increase during the five days of lymph collection
(Fig. 2). This output reached a maximum of 6.9 ml/h
on the fifth day, a level that was considerably greater
than the output of 3.3 ml/h of the control MLNX
rats lacking an anastomosis.

After a small intestinal anastomosis, only on the
second day is there a significant increase (P<0-05) in
the total white cell output in the effluent lymph from
the gastrointestinal tract (Table 1). If the subpopula-
tions of these cells are examined, the most notable
feature was the change in the neutrophil polymor-
phonuclear leucocyte (PNL) output (Table 2). In
control (MLNX) rats there were few neutrophil
polymorphonuclear leucocytes in the effluent
lymph, but, after small intestinal anastomosis, there
was a significant increase in the number of these
cells on the second (P<0-01), third (P<0-05), and
fourth (P<0-05) days. The maximum output of
polymorphonuclear leucocytes was achieved on day
two.
The output of non-lymphocytic, non-specific

esterase (NSE) positive cells is increased on day two
after a small intestinal anastomosis in MLNX rats
(Table 3), but failed to achieve statistical signifi-
cance. One functional analysis of the cells which has
been examined in this study is the phagocytosis of
sensitised sheep red blood cells (SSRBC) (Table 4).
This analysis revealed an increased output of
phagocytic cells on days two, three, four, and five
after intestinal anastomosis, but the increase was
significant only on day four (P<0-05). Two cell types
formed this phagocytic population, the non-
lymphocytic non-specific esterase cells and the
polymorphonuclear leucocytes. The non-lympho-
cytic non-specific esterase positive cells which are

Table 1 Number of white cells in thoracic duct lymph X107 per hiour (mean+ standard error of mean)

Experiment Rats Day of thoracic dfuct lymph draiiage
no. (no.)

1 2 3 4 5

1 Normal Immediate intact anastomosis 5 2-12 -0-4 1-63 -0-4 0 96- 0 2 0.52-=-0 1 0.45 - 0.2
2 Mesenteric Control, no anastomosis 7 1-49 02 0 90=0 1 0-65 -01 0-57 -01 034---01

lymphadenectomy
3 Mesenteric Immediate intact anastomosis 8 1-45 0-3 1-26=0-2 0-94=-0-2 0-47 zl 0.35 01

I ymphadenectomy
4 Mesenteric Immediate disrupted 6 1 -17=0.2 0.74-0-2 0-20_0-1 - -

lyniphadenectomy anastomosis
5 Mesenteric One week intact anastomosis 5 0-97- 0-2 0.66 0-1 0-71 -0-1 0-44±-01 0.28-0.1

lymphadenectomy
6 Mesenteric Four week intact anastom.osis 6 1-55 =0-25 0.85 -0.1 05501 0.40_0l1 0.31 -0l1

lymphadenectomy

Signiificanit statistical analyses:
Experimenit 0io. Day of collection
1 compared with 2 2
1 compared with 4 2
1 compared with 4 3
1 compared with 5 2
I compared with 6 2
1 compared with 6 3

Probability
< 0-05
< 0-01
< 0-01
< 0-05
<0-05
< 0-05

Experimietnt tno.
2 compared with 3
2 compared with 4
3 compared with 4
4 compared with 5
4 compared with 6

Day of collectiott Probability
2 <0-05
3 <0-01
3 <0-01
3 <0-01
3 <0-02
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phagocytic are weakly staining for tha
strongly positive non-specific esteras4
to be non-phagocytic. The majority
99%) of the phagocytic non-lymp
specific esterase positive cells conta
labile acid phosphatase, whereas the n
cells which stained intensely for non-sp
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Fig. 2 The volume oflymph obtained afte
cannulation (mean ±standard error ofthem
mesenteric lymphadenectomised rats. --- A
lymphadenectomised rats immediately after
an intact small intestinal anastomosis. -M
lymphadenectomised rats immediately after
disrupted small intestinal anastomosis.

It enzyme: the contained tartrate stable acid phosphatase. Not all
e cells tended the polymorphonuclear leucocytes are phagocytic.
(greater than Both the phagocytic and non-phagocytic polymor-
hocytic non- phonuclear leucocytes contained tartrate labile acid
iined tartrate phosphatase.
on-phagocytic There is no difference in the total lymphocyte
)ecific esterase output in control MLNX rats compared with MLNX

rats immediately after small intestinal anastomosis
(Table 5).

T) The preceding results were obtained from rats
immediately after constructing a small intestinal

T anastomosis, but how long do these changes persist?
I._ _ ~ * In those MLNX rats which had had a small intestinal

anastomosis for one week the total white cell output
on the first day of thoracic duct drainage was low
(Table 1), but the cellular output on the third to the

.1 fifth days was similar to that obtained from the other
I groups of MLNX rats. On day two the output is

significantly decreased when compared with those
rats whose thoracic ducts were cannulated at the
time of constructing the anastomosis (P<002). The
polymorphonuclear leucocyte output was raised in
those rats one week after small intestinal anasto-
mosis being significantly increased on day two
(P<0-001), day three (P<0.05), and day four

, , (P<0.05) of thoracic duct lymph drainage (Table 2).
4 5 The output of non-lymphocytic non-specific

esterase positive cells was similar to that observed in
r thoracic duct the control MLNX rats (Table 3). The lymphocyte
rean). -Control output of the gastrointestinal tract in these rats
Mesenteric which had had an intestinal anastomosis for one
constructing week was significantly less on the second day
'esenteric (P<0.05) than either normal or MLNX rats
constructing a immediately after the construction of an intact

anastomosis.

Table 2 Number of neutrophil polymorphonuclear leucocytes in thoracic duct lymph X10` per hour
(mean+istandard error of mean)

Experimenit Rats Day of thoracic duct lymph drainage
no. (no.)

1 2 3 4 5

1 Normal Immediate intact anastomosis 5 180 - 0.8 1.96±0 8 0.56±0 3 0.48 ±0.4 0.21 _0.1
2 Mesenteric Control, no anastomosis 7 116-0.3 0.27±0.1 0 31_0 1 0O26tO 1 0.23±0 1

lymphadenectomy
3 Mesenteric Immediate intactanastomosis 8 1.76±0-7 4.37±1 2 2 14±0t8 0.73±0.15 0.68±0 3

lymphadenectomy
4 Mesenteric Immediate disrupted 6 125_0.4 1.14±0.2 0.71 0.3 - -

lymphadenectomy anastomosis
5 Mesenteric One week intact anastomosis 5 0O750O3 1-16±0.1 095z0.3 115 0.4 0.95 _-0 4

lymphadenectomy
6 Mesenteric Four week intact anastomosis 6 095 ±035 056±02 045 03 044±04 0-20±0 1

Significanit statistical analyses:
Experimenit no. Day of collection Probability
1 compared with 2 2 < 0 05
2 compared with 3 2 < 0 01
2 compared with 3 3 < 0 05
2 compared with 3 4 < 0 05
2 compared with 4 2 < 0-001

Experiment no.
2 compared with 5
2 compared with 5
2 compared with 5
3 compared with 4
3 compared with 5

Day of collection
2
3
4
2
2

Probability
< 0 001
< 0 05
< 0 05
< 0-02
< 0 05

nl
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Study of acute localised inflammation ofthe gastrointestinal tract: the effluent lymph

Some MLNX rats had a small intestinal anasto-
mosis constructed four weeks before thoracic duct
drainage. The total cell output (Table 1), the poly-
morphonuclear leucocyte output (Table 2), the
non-lymphocytic non-specific esterase positive cell
output (Table 3), and the total lymphocyte output
(Table 5) in the effluent lymph of the gastro-
intestinal tract in these rats were similar to that of
control MLNX rats.

Granulation tissue develops across the base of the
intestinal anastomosis during the first week. The
granulation tissue is covered on its luminal surface
by a cellular plug. The size of this cellular plug is
variable among individual specimens. It does not
seem to bear any relationship to the type of pro-
cedure performed on the rat, but dependent on such
factors as the orientation of the specimen and the

physical damage inflicted during processing the
tissue. It was therefore decided that the cellular
content of the granulation tissue should be used as

an indication of the dynamic process occurring at
the site of the anastomosis. The number of polymor-
phonuclear leucocytes in the granulation tissue at
the base of the anastomosis on the fifth day after
construction of an intact intestinal anastomosis was
similar in rats that had had thoracic duct drainage
compared with undrained rats.

EFFECT OF MESENTERIC LYMPH GLAND ON

CELLULAR RESPONSE TO INTACT INTESTINAL

AN ASTOMOS IS

The total white cell output tends to be greater on the
first and second days after the construction of a

small intestinal anastomosis in normal rats when

Table 3 Number of non-lymphocytic, non-specific esterase positive cells in thoracic duct lymph
X10 per hour (mean+standard error of mean)

Experiment Rats Day of thoracic duct lymph drainage
no. (no.)

1 2 3 4 5

1 Normal Immediate intact anastomosis 5 0 54±0 4 0.64±0 2 0.58 ±0 3 0.27±0 2 0 20±0 2
2 Mesenteric Control, no anastomosis 7 1-93 ±0t4 2.35 ±0 4 2.63±0 7 1-91±0-6 0.99 ±0 3

lymphadenectomy
3 Mesenteric Immediate intact anastomosis 8 1.89±0 6 3.57±0 7 2.45±0 4 2-19±0t4 1.74±0-4

lymphadenectomy
4 Mesenteric Immediatedisrupted 6 2.17±0-4 1.37±07 041±03 - -

lymphadenectomy anastomosis
5 Mesenteric Oneweekintactanastomosis 5 1.88±065 2-14±0-5 1.53±0-5 176±02 1.39±04

lymphadenectomy
6 Mesenteric Fourweekintactanastomosis 6 146±03 245±05 1 80±04 1.51±0)5 0.84±0-3

lymphadenectomy

Significant statistical analyses:
Experiment no. Day of collection Probability Experiment no. Day pf collection Probability
1 compared with 3 2 < 0 01 1 compared with 5 5 < 0 05
1 compared with 3 3 < 0 01 1 compared with 6 2 < 0 01
1 compared with 3 4 < 0 01 1 compared with 6 3 < 005
1 compared with 3 5 < 005 2 compared with 4 3 < 0-05
1 compared with 4 1 < 0-02 3 compared with 4 3 < 0 01
1 compared with 5 2 < 0 05 4 compared with 6 3 < 0-02
1 compared with 5 4 < 0 001

Table 4 Number of cells phagocytosing sensitised sheep red blood cellsX 10 ' per hour
(mean-+standard error of mean)

Experiment Rats Day of thoracic duct lymph drainage
no. (no.)

1 2 3 4 5

2 Mesenteric Control, no anastomosis 7 1.89±0-55 0-74±0-10 0.62±0.13 0.75±0-16 0 460 12
lymphadenectomy

3 Mesenteric Immediate intact anastomosis 8 2-07 I049 1.97 ±066 2.02±0.71 1.35 ±023 1-03 0-18
lymphadectomy

4 Mesenteric Immediate disrupted 6 2-01-±083 0.98=0.15 1-14±0-68 - -
lymphadenectomy anastomosis

6 Mesenteric Four week intact anastomosis 6 1.07 ±037 1.01 ±029 0.96 ±018 0.82+0.30 0-62±0-23
lymphadenectomy

Significant statistical analyses:
Experiment no. Day of collection Probability
2 compared with 3 4 < 0-05
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compared with MLNX rats (Table 1) but this
increase is not statistically significant. Although the
number of non-lymphocytic non-specific esterase
positive cells is considerably reduced by the
mesenteric lymph gland on day two (P<0-01), day
three (P<O0O1), day four (P<OO1), and day five
(P<005), they are still found in thoracic duct lymph
(Table 3): these cells are only rarely found in the
thoracic duct lymph of normal rats lacking an
intestinal anastomosis. The presence of a mesen-
teric lymph gland did not influence the output of
polymorphonuclear lymphocytes in the thoracic
duct lymph on the first day after a small intestinal
anastomosis (Table 2). However, the number of
polymorphonuclear lymphocytes is reduced in
those rats with a mesenteric lymph gland on days
two, three, four, and five, but this reduction failed
to achieve statistical significance on the analysis
performed.
Although the lymphocyte output of normal rats is

greater on the first, second, and third days after
intestinal anastomosis when compared with the
MLNX rats (Table 5), the increase did not achieve
statistical significance. This output in normal rats
was similar to that of the other groups on the fourth
and fifth days.

LYMPHATIC RESPONSE TO DISRUPTED
INTESTINAL ANASTOMOSIS
Disruption of a small intestinal anastomosis can
produce either localised inflammation (a para-
anastomosis abscess) or more generalised inflam-
mation of the peritoneal cavity (peritonitis). Both
these complications have been grouped together.

The output of lymph from the gastrointestinal
tract of MLNX rats with a disrupted anastomosis
was lower than that from MLNX rats with an intact
anastomosis (Fig. 2). This output was considerably
less on day three (2.5 ml/h compared with 5.7 ml/h).
The total white cell output begins to decrease on

the second day (Table 1) and on the third day the
output was significantly lower (P<OO1) than that of
rats with an intact anastomosis. The output of all the
subpopulations of cells studied was lower in rats
with a disrupted anastomosis on days two and three
(Tables 2, 3, and 5), but the proportions of these
cells differs from that found in rats with an intact
anastomosis. The output of non-lymphocytic non-
specific esterase positive cells is significantly less on
the third day (P<O0O1). The number of poly-
morphonuclear lymphocytes is decreased on the
second day (P<0-02).
The output of lymphocytes from these MLNX

rats with a disrupted anastomosis is similar to that of
animals with an intact anastomosis on the first and
second days after constructing the anastomosis, but
on the third day the output of lymphocytes is
significantly reduced (P<002).

Discussion

VOLUME OF LYMPH FROM GASTROINTESTINAL

TRACT

The output of lymph from the gastrointestinal tract
in MLNX rats normally increases during the first
three days of thoracic duct drainage and then
decreases on the fourth and fifth days. The output
from those rats with an intact anastomosis continues

Table 5 Number of lymphocytes in thoracic duct lymph X J07 per hour (mean±standard error of mean)

Experiment Rats Day ofthoracic duct lymph drainage
no. (no.)

1 2 3 4 5

I Normal Immediate intact anastomosis 5 2 10±0 4 1 60±0 4 0.95±0 2 0 52±0 1 0.45±0 2
2 Mesenteric Control, no anastomosis 7 1.47±0 2 0.88±0 1 0.62±0 1 0 55±0 1 0.39±0 1

lymphadenectomy
3 Mesenteric Immediate intact anastomosis 8 1 42±0 3 1 17±0 2 0.84±0-2 0.44±0 1 0.32±0 1

lymphadenectomy
4 Mesenteric Immediate disrupted 6 1-14±0-2 0 70±0 2 0-16±01 - -

lymphadenectomy anastomosis
5 Mesenteric Oneweekintactanastomosis 5 095±02 059±0 1 0.69±0-1 041±0 1 026±01

lymphadenectomy
6 Mesenteric Fourweekintactanastomosis 6 1-52±0.25 081±0 1 0-53±0-1 0.32±0-1 0-25±0-1

lymphadenectomy

Significant statistical analyses:
Experiment no. Day ofcollection
1 compared with 2 2
1 compared with 4 1
1 compared with 4 3
1 compared with 5 1
I compared with 5 2
1 compared with 6 2
1 compared with 6 3

Probability
<005
< 0-05
<0-01
< 0-05
<005
< 0-05
<005

Experiment no.
2 compared with 4
2 compared with 5
3 compared with 4
3 compared with 5
4 compared with 5
4 compared with 6

Day ofcollection
3
2
3
2
3
3

Probability
< 0-01
<0-02
<0-02
<005
<0-01
<0-02
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to increase for the five days of thoracic duct lymph
collection so that the output on the fifth day is
6-9 ml/h. This increased flow from a site of acute
inflammation has been observed in the ears of the
mouse'0 and the guinea-pig.'1
With an unsuccessful inflammatory reaction, as

manifested by the disruption of the intestinal
anastomosis, the lymph flow is lower on the second
day and even more dramatically decreased on the
third day. This may not be entirely due to a
difference in oral intake as these rats seem to drink
readily, but do not seem to take any food orally.

EFFECT OF INTACT INTESTINAL ANASTOMOSIS

ON CELLULAR CONTENT OF INTESTINAL LYMPH

The inflammatory reaction produced by an intestinal
anastomosis causes changes in the cellular content
of the effluent lymph from the gastrointestinal tract.
The total white cell output is increased on the
second day after construction of an intact small
intestinal anastomosis. If the subpopulations of
these cells are examined, it is found that the total
lymphocyte output is unchanged, but changes are
found in the polymorphonuclear lymphocytes and
non-lymphocytic non-specific esterase positive cell
outputs. The output of both these latter cell types is
increased reaching a maximum on the second day.
The increase in polymorphonuclear lymphocytes is
prolonged so that the output is still high in those rats
whose thoracic duct lymph collection was started on
the seventh day after intestinal anastomosis. The
output of polymorphonuclear lymphocytes had
returned to normal levels in rats with a long-term
(four week) anastomosis.
The increased output of non-lymphocytic non-

specific esterase positive cells is not prolonged and
has returned to normal on the third day after
intestinal anastomosis. The decrease in these cells
on the third day does not appear to be due to con-
tinued loss of these cells during the first two days
and their lack of adequate replacement because
there is no increase found in those rats whose
collection was started on the seventh day after
anastomosis.
The polymorphonuclear lymphocyte response to

an inflammatory focus is dependent upon the nature
of the inflammatory stimulus. Agents producing
mild inflammation such as plasma proteins and
glycogen solutions,'2 13 new-born calf serum,'4 and
liquid paraffin9 result in an early polymorpho-
nuclear lymphocyte increase reaching a maximum
within 12 hours after stimulation and then declining
rapidly. When living bacteria (Klebsiella pneu-
moniae) are injected intrapleurally the increase in
polymorphonuclear lymphocytes continues for at
least 24 hours.'3 The present study involving the

transgression of the gastrointestinal mucosa leads to
the exposure of bacteria and food antigens. It is
therefore not surprising that the polymorpho-
nuclear lymphocyte response is prolonged.

Interestingly the non-lymphocytic non-specific
esterase positive cell response is of only short
duration. This would seem to be intermediate
between the results observed for mild and severe
inflammatory stimuli. With mild inflammatory
stimulants there is an increase in the mononuclear
cell response which occurs later than polymorpho-
nuclear response and is also prolonged.9 12 13 15 How-
ever, with severe inflammatory stimulation (Kleb-
siella pneumoniae intrapleurally) there was no
mononuclear cell response within the first 24
hours.13 It may be that there would have been a
mononuclear response generated in the latter group
of animals after the 24 hour period of study. The
present investigation examines lymph draining from
a source of inflammation. If the migration of non-
lymphocytic non-specific esterase positive cells to
the inflammatory site is increased for a prolonged
period of time these cells are either being 'trapped'
at the inflammatory focus and not being released
into the lymph during the period of study or migrat-
ing from the inflammatory focus by a route other
than in the effluent lymph. The only functional
analysis carried out on the cellular lymphatic
effluent has been the phagocytosis of sensitised
sheep red blood cells (with complement). The
output of the phagocytic cells is increased after
intestinal aoastomosis.
The intense tartrate stable acid phosphatase

staining of the non-lymphocytic, non-phagocytic
non-specific esterase positive cells helps to differ-
entiate this cell from the remaining cell types in the
effluent lymph. It is interesting to note that the acid
phosphatase isoenzyme in the reticulum cells of
leukaemic reticuloendotheliosis had similar staining
characteristics and was identified as isoenzyme 5.16

ROLE OF MESENTERIC LYMPH GLANDS IN

LOCALISED ACUTE INFLAMMATION OF

GASTROINTESTINAL TRACT
The lymphatic effluent from the gastrointestinal
tract passes through the mesenteric lymph glands
before reaching the thoracic duct. The mesenteric
lymph gland is ideally situated to exert a modifying
influence on the effluent lymph.
On the first and second days after small intestinal

anastomosis the total white cell output in rats
lacking mesenteric lymph glands is lower than that
of normal rats. The majority of the cells in the lymph
are lymphocytes, so that the lymphocyte output in
the thoracic duct lymph of normal rats with an
intestinal anastomosis is greater on the first, second,
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and third days when compared with the MLNX rats.
In addition to cells generated by mitosis in the
mesenteric lymph gland, a significant proportion of
the increased lymphocyte output must be due to the
large number of T lymphocytes which are recircu-
lating through the post-capillary venules of the
mesenteric lymph glands. 17 The lymphocyte output
in these normal rats is similar to that of MLNX rats
on the fourth and fifth days presumably because the
T lymphocyte population of the rats will have been
greatly depleted by the prolonged lymph drainage.
The lymph afferent and efferent to the mesenteric
lymph gland is known to have a different lympho-
cyte population,'8 19 but the effect of intestinal
anastomosis on these lymphocyte subpopulations
has not been examined in this present study.
Changes have occurred in the polymorpho-

nuclear lymphocyte and non-lymphocytic non-
specific esterase positive cell populations.
Polymorphonuclear lymphocytes are present in the
efferent lymph of the mesenteric lymph glands and
their peak output is on the second day after
anastomosis. However, the magnitude of the poly-
morphonuclear lymphocyte output is reduced by a
factor of two in its passage through the mesenteric
lymph glands. The output of non-lymphocytic non-
specific esterase positive cells is dramatically
reduced by a factor of six on the second day. How-
ever, some non-lymphocytic non-specific esterase
positive cells are present in the thoracic duct lymph
of these animals in contrast with their absence from
normal rats lacking any acute inflammatory source.
It is not known whether the polymorphonuclear
lymphocytes or non-lymphocytic non-specific ester-
ase positive cells efferent to the mesenteric lymph
gland are the same cells which were present in the
afferent lymph or whether they are added to this
lymph during its transit through the mesenteric
lymph gland. From a histological examination of an
inflamed popliteal lymph gland of rats it has been
concluded that the polymorphonuclear leucocytes
in the subcapsular sinus had been transported in the
afferent lymph, whereas the polymorphonuclear
leucocytes in the intermediary sinuses of the lymph
gland can be stimulated by the intralymphatic
injection of bacteria into the afferent vessels. 15 20 It
is possible that bacteria are conveyed to the mesen-
teric lymph glands from the intestinal anastomosis
and cause a similar migration of polymorphonuclear
leucocytes into the intermediary sinuses so that
these cells efferent to the mesenteric lymph gland
would not be derived from those entering in the
afferent lymph. The mesenteric lymph glands would
then be acting in a way analogous to peripheral
lymph glands in removing bacteria from the afferent
lymph.21 22

ROLE OF LYMPH IN INITIATING AND

MAINTAINING INFLAMMATORY RESPONSE

Polymorphonuclear lymphocytes may restrict the
extent of tissue invasion by noxious agents-for
example, bacteria. Much work has been carried out
on the mechanisms responsible for inducing the
inflammatory response. In the present study there
was no difference in the local polymorphonuclear
lymphocyte infiltration of the anastomosis at five
days in rats having thoracic duct drainage compared
with undrained rats. Moreover, the thoracic duct
cannulae in those rats having lymph drainage were
inserted before carrying out the intestinal anasto-
mosis. Thus, the agents responsible for initiating
and maintaining the polymorphonuclear lympho-
cyte response are not transmitted to the appropriate
stem cells via the thoracic duct lymph collected in
these experiments. It is possible that the agents are
conveyed to the more proximal parts of the thoracic
duct via the peritoneal cavity and mediastinal
lymphatics.

The expert technical assistance of Ms Jan Horrocks
is gratefully acknowledged.
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