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Modification of lymphocyte traffic by vasoactive neurotransmitter substances
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Summary. The effects of a number of vasoactive and
neurotransmitter substances on lymphocyte traffic
were studied by assessing their effects on the release of
lymphocytes into primary peripheral (popliteal) nodal
efferent lymph of sheep following acute infusion into
cannulated afferent nodal lymphatics. In a total of 23
experiments, the output of lymphocytes, small and
blast, was increased by serotonin, substance P, bombe-
sin, [metlenkephalin, isoprenaline and phenylephrine
and was decreased by vasoactive intestinal peptide
(VIP), neurotensin and carbachol. Substances whose
actions are modulated by prostaglandins and
enhanced by prostaglandin synthesis inhibitors and
which elevate blood monocyte and nervous tissue
levels of cyclic GMP tended to increase lymphocyte
traffic through peripheral lymph nodes in sheep in vivo.
The opposite effect tended to be produced by sub-
stances whose actions require or are associated with
prostaglandins or histamine, and which affect blood
monocytic cyclic nucleotide levels by elevation of
cyclic AMP or depression of cyclic GMP. Pain and
inflammation tended to increase lymphocyte traffic,
while analgesics and immunomodulators tended to
decrease it.

Correspondence: Dr Thomas C. Moore, Dept. of Surgery,
Harbor-UCLA Medical Center, 1000 West Carson Street,
Torrance, CA 90509, U.S.A.

INTRODUCTION

Recent studies have indicated that potent vasoactive
substances such as prostaglandin E2 (PGE2), hista-
mine and bradykinin may have significant stimulatory
or inhibitory effects on the traffic of lymphocytes
through peripheral primary lymph nodes of sheep in
vivo, traffic being stimulated by bradykinin and de-
creased by PGE2 and histamine (Moore et al., 1980;
Moore, 1981, 1982; Moore& Lachmann, 1984). There
is increasing evidence that many of these substances
also have important neurotransmitter or neuromodu-
lator roles (Hedqvist, 1970; Schwartz, Pollard & Tam
Quoch, 1980; Correa et al., 1979).

It has been found in rats that unmyelinated nerves
are in close proximity to arterio-venous fistulae and to
post-capillary venous sphincters of lymph nodes
(Anderson & Anderson, 1975). These two structures
play important roles in the function of the high
endothelial post-capillary venules which regulate
recirculating lymphocyte traffic in these animals
(Gowans & Knight, 1964).

In recent years, the number of known and putative
neurotransmitter and neuromodulator substances has
increased considerably. Neuropharmacologists and
gastroenterologists have postulated the existence of a
'brain-gut' axis. Although the existence of a 'brain-
immune response' axis must be considered highly
speculative at the present time, it is quite possible that
the peripheral and central nervous systems and their
transmitter, effector and modulator substances may
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play important roles in lymphoid and reticuloendothe-
lial function, with resulting influences of significance
on the activities of the immune response system.
The present study was carried out to evaluate the

influence of a number of older and newer vasoactive
substances on the output of lymphocytes into the
efferent lymph of popliteal nodes of sheep following
their acute infusion into cannulated nodal afferent
lymphatics.

MATERIALS AND METHODS

The sheep primary peripheral lymph node model of
Hall & Morris (1962) was used. Both the afferent and
efferent lymphatics of popliteal lymph nodes may be
cannulated for chronic use in sampling and infusion.
Xylazine (Bayer) and ketamine (Parke Davis) were

employed for anaesthesia and the sheep were sup-
ported in sternal recumbancy (upright) during oper-

ation and subsequent studies. Both Finnish Landrace
sheep and Clun Forest sheep crossed with Blue Face
Leicester sheep were used. The maintenance of the
supported upright position by girth supports in meta-
bolic cages during these studies minimized lymph flow
and lymphocytes output alterations associated with
positional changes (Moore, 1982). Efferent lymph
collections were precisely timed to the minute, and
lymph flow and cell outputs were calculated. Lympho-
cyte outputs were expressed as cell outputs per hour
for each sample. Samples were collected every 20 min
post-acute infusion for 2 hr, and at 2 and 1 hr intervals

thereafter, until the times of maximum changes had
been observed and outputs had returned or largely
returned to pre-infusion levels. Differential counts for
both small and blast lymphocytes were made on all
collections. Blast lymphocytes did not appear in
efferent lymph until after 48 hr post-anaesthesia and
post-operation, and were not present in all studies.
Acute infusions of all substances were into cannulated
popliteal afferent lymphatics in 100-200 p1 of sterile
saline solution and in amounts of 50 ug (except one

substance P infusion and both phenylephrine infu-
sions). Serotonin, carbachol, phenylephrine and iso-
prenoline were obtained from Sigma. Vasoactive
intestinal peptide (VIP), substance P. neurotensin,
[met]enkephalin and bombesin were obtained from
Peninsula Laboratories, San Carlos, CA.

RESULTS

Substances which increased lymphocyte output

Lymphocyte outputs into popliteal node efferent
lymph were increased promptly and sharply after the
acute infusions into cannulated afferent lymphatics of
bombesin, serotonin, substance P, [met]enkephalin,
isoprenaline and phenylephrine.
The largest number of studies was with bombesin

(Table 1). The output of both small and blast lympho-
cytes was increased in all five acute infusions. The
period of maximum increase in small lymphocyte
outputs into efferent lymph was at or beyond 100 min
post-acute infusion in four of five studies. Maximum

Table 1. Lymphocyte output elevations following acute infusion of 50 pg of
bombesin into cannulated popliteal nodal afferent lymphatics of sheep

Output of lymphocytes into efferent lymph
(x 106/hr)

Small cells Blast cells

Time of Time of
maximum maximum

Maximum output change Maximum output change
Study No. change (min) change (min)

1 65-*95 100 30-+52 40
2 78-122 100 14 0-+18-0 80
3 74-+360 100 31-.75 60
4 38-+74 20 15-.85 100
5 120-+219 160 15-7-40 8 160
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Figure 1. Time course ofelevations in the output of small and blast lymphocytes into popliteal nodal efferent lymph following the
acute infusion of bombesin (50 ,g) into a cannulated afferent lymphatic of the node (study No. 3).

Table 2. Lymphocyte output elevations following acute infusions of serotonin,
substance P. [met]enkephalin, isoproterenol and phenyleprine into cannulated
popliteal nodal afferent lymphatics

Output of lymphocytes into efferent lymph
( x 106/hr)

Small cells Blast cells

Time of Time of
maximum maximum

Maximum output change Maximum output change
Substance change (min) change (min)

Serotonin 50-+104 60
Serotonin 75-.+152 100 12-+58 100
Serotonin 131-.+185 40
Substance P 92-.165 60 10-+19 5 60
Substance P 151-.241 40 7-2-12 8 240
Substance P* 165-.191 120
[Metlenkephalin 108-+221 100 3 2-+13 7 120
[Metlenkephalin 105-- 147 120 28-+60 200
Isoprenaline* 92-+163 20
Isoprenaline* 135-+200 30
Phenylephrine 98- 165 80
Phenylephrine 132-+220 50 7-8-14l1 15

* These acute infusions were of 15 pg. All others were of 50 pg.
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Figure 2. Increase in the output of small and blast lymphocytes into popliteal efferent lymph following acute intra-afferent
lymphatic infusion of substance P (50 pug). The initial small dip in the output of small lymphocytes was not encountered with
blast lymphocytes.
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Figure 3. Time course of the increase in the output into efferent lymph of small and blast lymphocytes after acute infusion of
[met]enkephalin (50 .ig) into a connulated afferent popliteal lymphatic.
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blast lymphocyte output increases occurred prior to
100 min in three of five studies. The time course of the
increases in lymphocyte outputs following acute bom-
besin infusion are shown in Fig. 1. The volume of
efferent lymph flow was unchanged in one bombesin
acute infusion and increased in the other 4 (5 9 ml/hr
to 6-8; 2 9 ml/hr to 4 8; 9A4/hr to 13 5; and 8 5 ml/hr to
13.9).
The results with acute infusions of the other four

lymphocyte output-increasing substances are pre-

sented in Table 2. Output of small lymphocytes was

increased in all 12 studies. Data on blast lymphocytes
outputs were available in six studies and were in-
creased in all. The period of maximum increase in
output with the standard 50 ug dose was before 100
min in four of five acute infusions with serotonin or

substance P and before 100 min in all four studies with
adrenergic agonists. Peak elevations were later follow-
ing enkephalin infusions.
Two of the substance P acute infusions produced

first 20 min sample dips (decreases) in lymphocyte
outputs followed by sustained elevations. In one other
study with substances P, a slight decrease in output
was found in the first collection with respect to small

lymphocytes but not blast lymphocytes, with later
increases and subsequent falls (Fig. 2). In this study, a

rather massive increase in blast lymphocyte output
into efferent lymph occurred within a relatively short
time after infusion of substance P.

Acute infusion of [metlenkephalin produced a

steady and more prolonged increase in the output of
both small and blast lymphocytes into efferent lymph
(Fig. 3).

Substances decreasing lymphocyte output

Lymphocyte outputs into efferent lymph were reduced
following acute infusions into cannulated popliteal
afferent lymphatics of neurotensin, VIP and carbachol
(Table 3). The reductions in small lymphocyte output
following both neurotensin and VIP were prompt and
marked (Fig. 4). Sharp and prompt decreases in blast
lymphocyte outputs post-acute infusion also were

found with neurotensin. Blast cell outputs after VIP
were unchanged in one with a late increase and
intermittently increased and decreased in the other
with the increase coming first. Output decreases
following carbachol were less prompt than encoun-

Table 3. Lymphocyte output depressions following acute infusions of
neurotensin, vasoactive intestinal peptide (VIP) and carbamylcholine into
cannulated popliteal nodal afferent lymphatics

Output of lymphocytes into efferent lymph
( x 106/hr)

Small cells Blast cells

Time of Time of
maximum maximum

Maximum output change Maximum output change
Substance change (min) change (min)

Neurotensin 335- 90 100 79-12 100
Neurotensin 122-+50 20 87-+05 40
VIP 224-+42 60 12 58* 180
VIP 282-43 120 21-+31-10t 20 & 100
Carbachol 114-+23 100
Carbachol 97-.+22 135

* There was no change in blast lymphocyte output in the initial 80 min
post-acute infusion. Blast cell output was elevated sharply at 100 min to
30 x 106/hr, returned to 14 at 120 min, before the maximum elevation at 180
min, followed by returns to 18 and 20 in the 220 and 300 min collections (Fig.
4).

t Final sharp increase to 54 x 106 cells/hr at 160 min, before return to
pre-infusion levels at 200 min post-acute infusion.
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Figure 4. Time course of the decrease in the output of small lymphocytes into popliteal efferent lymph following acute infusion of
VIP (50 jug) into a cannulated nodal afferent lymphatic. Blast lymphocyte output was little changed until late in the response
when two brief spikes of elevation in output occurred.

tered with neurotensin and VIP and took longer to
reach their maximum depressions.

DISCUSSION

Regarding lymphocyte traffic-increasing substances,
serotonin, an established neurotransmitter with in-
volvements in inflammation, has been reported to
increase monocyte levels of cyclic GMP (Sandler,
Gallin & Vaughn, 1975). A cyclic GMP analogue has
been found to increase lymphocyte traffic through
peripheral lymph nodes of sheep in vivo (Moore &
Lachman, 1982).

Substance P also is a neurotransmitter-type sub-
stance which also appears to be involved in a stimula-
tory way in pain and inflammation. It has been found
in nervous tissue (Iversen, Jessell & Kanazawa, 1976)
and may play a mediator role in neurogenic inflamma-
tion and plasma extravasation (Gamse, Holzer &
Lembeck, 1980). It has been suggested that substance
P. as a neurotransmitter for primary nociceptor
afferents, may also be the mediator for 'axon reflex'
(Piercey et al., 1981).

The most potent effect of bombesin is on tempera-
ture regulation. It is of interest that its effect on
thermoregulation (hypothermia) is inhibited by PGE2
(Brown, Rivier & Vale, 1977).

[Met]enkephalin is an endogenous opiate peptide
with wide anatomic distribution including brain,
spinal cord, peripheral nerves and gut. Multiple opiate
receptors have been identified in primary afferent
sensory fibres (Fields et al., 1980). Enkephalins are
widely distributed in the brain, are concentrated in
synaptasomes and released in a Ca+ +-dependent
manner (Iversen et al., 1978; Henderson, Hughes &
Kosterlitz, 1978). They have been found in vitro to
increase cyclic GMP levels of corpus striatum (Minne-
man & Iversen, 1976). Halothane, a general anaes-
thetic agent which profoundly decreases lymphocyte
outputs into efferent lymph of sheep, has been
reported to decrease brain cerebellar levels of cyclic
GMP (Triner et al., 1981). Increased potency of
naloxone (opiate ji receptor inhibitor) has been sug-
gested to be mediated through a PGE-linked process
(Wong & Wai, 1981).

Phenylphrine and isoprenaline are adrenergic
agonists and both increased the output oflymphocytes
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into efferent lymph. In studies on mammalian spleen,
nor-adrenalin (like bradykinin), evoked simulatory
responses which were antagonized by prostaglandins
(Ferreira, Moncada & Vane, 1973a, b).
With respect to lymphocyte traffic decreasing sub-

stances, neurotensin, a 13 amino acid peptide ori-
ginally isolated bovine hypothalmus (Carraway &
Leeman, 1973), has been found to have a high affinity
binding sites on brain membranes and synaptosomes
and on mast cells. Prostaglandins have reported to
facilitate some of the vascular actions of neurotensin
(Rioux et al., 1980).

Vasoactive intestinal peptide (VIP), a 28 amino acid
peptide that was first isolated from bovine duodenum
(Said & Mutt, 1970), has been found to have wide
distribution of significance throughout the nervous
system (Said, Giachetti & Nicosia, 1980). Indometha-
cin (an inhibitor of prostaglandin synthesis) has been
found to inhibit VIP-stimulated intestinal secretion
(Albuquerque, Owens & Bloom, 1979). VIP also has
been reported to increase cyclic AMP levels of blood
mononuclear cells (Guerrero et al., 1981). It has been
found to be concentrated in mast cells where it appears
to be associated with histamine and is released by
histamine releasers (Cutz et al., 1978).

Carbachol is a long-acting, stable, non-hydrolyz-
able ester of acetylcholine. It has both muscarinic and
nicotinic actions, with the muscarinic predominating
in most areas.

Pain and inflammation have been found to increase
lymphocyte traffic, as mirrored in the output of both
small and blast lymphocytes into the efferent lymph of
primary peripheral lymph nodes ofsheep in vivo, while
pain control through local and general anaesthetic
agents and immunoinflammatory modulation have
tended to decrease it (Moore, 1982).
The studies as carried out here do not eliminate

entirely the possibility that some of the observed
alterations in lymphocyte traffic may have been related
to systemic effects. This, however, is unlikely due to
the small doses of the agents used, the generally short
biological half-lives of the infused drugs and the
intra-afferent lymphatic route of infusion which may
have delayed their entry into the systemic blood
circulation. In previous studies, with similar drugs
given on one side only with bilateral monitoring of
peripheral node efferent lymph, alterations in lympho-
cyte traffic were found only on the side of drug
administration (Moore, 1982; Moore & Lachmann,
1984).
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