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Gastrointestinal peptides in serum and synovial fluid
from patients with inflammatory joint disease
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SUMMARY The concentrations of immunoreactive vasoactive intestinal polypeptide (ir-VIP),
immunoreactive pancreatic polypeptide (ir-PP), ir-somatostatin, and ir-secretin were measured
in serum and synovial fluid from patients suffering from various inflammatory joint diseases. One
group of patients were not taking any medication, while another group received anti-
inflammatory treatment at the time of sampling. High levels of ir-VIP in the synovial fluid were
observed in the untreated group of patients, and the concentration of ir-VIP in the synovial fluid
was significantly higher than in parallel serum samples. On the other hand, no significant
differences in the concentrations of the other peptides were observed either between serum and
synovial fluid or between the two groups of patients. It is suggested that VIP is released locally at
the inflammatory site and that VIP may be of significance in inflammatory disorders.

Key word: inflammation.

Recently, vasoactive intestinal polypeptide (VIP)
and somatostatin have been shown to be present in
human leucocytes.' In addition, VIP has been found
in mast cells, and a local wheal and flare response
after intradermal injection of VIP has been
reported.3 Furthermore, high levels of circulating
pancreatic polypeptide (PP) have been found in
some inflammatory diseases,4 and increased serum
secretin concentrations have been reported after
treatment with anti-inflammatory drugs.5

In the present study we have measured the
concentration of immunoreactive VIP (ir-VIP),
immunoreactive PP (ir-PP), immunoreactive soma-
tostatin (ir-somatostatin), and immunoreactive
secretin (ir-secretin) in serum and synovial fluid
from patients suffering from various inflammatory
joint diseases, to look firstly, for the presence of
these peptides, and secondly, for possible differences
in the concentration of the various peptides between
treated and untreated patients and between patients
and healthy controls.

Materials and methods

Seventy six patients (28 women and 48 men) aged 20
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to 77 years who were admitted for various inflamma-
tory joint diseases to the Department of Rheuma-
tology at the University Hospital ofTroms0, Norway
were included in the study. Twenty eight patients,
mainly with reactive arthritis or Reiter's syndrome,
were not taking any medication, while 48 patients
were treated with non-steroidal anti-inflammatory
drugs alone (33 patients) or in combination with
remission inducing drugs (gold, chloroquine, peni-
cillamine, or azathioprine) (n= 12), or low dose
corticosteroids (n=3) at the time of sampling.
Twenty six healthy students aged 20 to 35 years
served as controls.
Blood for analysis of serum concentrations of

ir-VIP, ir-PP, ir-somatostatin, and ir-secretin was
drawn from the antecubital vein, centrifuged,
immediately frozen, and stored at -20°C until
analysed.
Forty three fluid samples for analysis of the same

peptides were collected from 39 patients at the time
of clinically indicated diagnostic or therapeutic
arthrocentesis of the knee joint. In four of these
patients the concentration of ir-VIP was measured
before and after intra-articular injection of cortico-
steroids (20 mg triamcinolone) into the affected
knee joint. After centrifugation at 3000 rpm for 15
minutes the supernatants were immediately frozen
and kept at -20°C until analysed. In 26 patients

637

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.45.8.637 on 1 A
ugust 1986. D

ow
nloaded from

 

http://ard.bmj.com/


638 Lygren, 0stensen, Burhol, Husby

Table 1 Concentrations of ir-VIP, ir-PP, ir-somatostatin, and ir-secretin in serum from healthy controls and from
treated and untreated groups of patients with inflammatory joint disease

Control group Treated group Untreated group

n Median Range n Median Range n Median Range

VIP (pmoVI) 26 5-0 0-13-5 29 6-5 1-20 22 5-8 0-22
PP (pmol) 26 14-0 5-45 27 20-0 2-200 22 13-5 4-105
Somatostatin (pmol/1) 26 23-5 10-60 26 33-5 0-70 9 37-0 0-80
Secretin (pmoIll) 26 10-0 5-17 23 11-0 6-18 8 10-25 7-22

parallel samples of serum and synovial fluid were
collected.
The concentration of the various peptides in

serum and in synovial fluid was determined by
radioimmunoassay methods previously described.69
The statistical analyses were performed by the

Student's t test and by a two tailed Wilcoxon's
paired rank test.

Results

No significant differences for serum levels of ir-VIP,
ir-PP, and ir-somatostatin were found between
patients and controls. On the other hand, ir-secretin
levels were significantly higher (p<0-05) in drug
treated patients (Table 1).
No significant differences were seen in the con-

centration of ir-PP or ir-somatostatin either between
serum and synovial fluid or between the two groups
of patients (Tables 1, 2, and 3).
The concentration of ir-secretin in serum was

significantly higher than in the synovial fluid (Table
3), while no differences in the level of ir-secretin in
serum (Table 1) or in synovial fluid (Table 2) were
observed between untreated and treated patients.
The concentration of ir-VIP in the synovial fluid

was significantly higher than in the serum (Table 3).
Furthermore, the level of ir-VIP in the synovial fluid
from patients receiving no medication was higher

Table 2 Concentrations of ir-VIP, ir-PP, ir-somatostatin,
and ir-secretin in synovial fluid from treated and untreated
groups of patients with inflammatory joint disease

Treated group Untreated group

n Median Range n Median Range

VIP (pmol/I) 29 10-0 2.5-52 8 88-5* 17-170
PP (pmoVI) 29 15-0 4-90 7 7-0 5-57
Somatostatin (pmol/I) 21 40-0 0-140 7 55-0 0-90
Secretin (pmolIl) 18 3-25 0-14 5 4-0 3-6

*The asterisk indicates a significant difference between treated and
'untreated groups of patients (p<0-05).

Table 3 Concentrations of ir-VIP, ir-PP, ir-somatostatin,
and ir-secretin in parallel samples of serum and synovial
fluid from patients with inflammatory joint disease

Serum Synovial fluid

Median Range Median Range

VIP (pmol/1) (n=21) 5-5 0-22 17.0* 1-170
PP (pmoIl/) (n=20) 20-0 2-200 18-5 4-90
Somatostatin (pmoIl/) (n=19) 37-0 22-90 55-0 0-140
Secretin (pmol/1) (n=10) 15-0* 6-32 4-75 2-14

*The asterisks indicate significant differences between serum and
synovial fluid (p<0-05).

Table 4 Concentrations of ir-VIP in synovial fluid from
four patients with inflammatory joint disease before and
after injection of corticosteroids into the affected knee joint

VIP (pmol/I)

Patient I Patient 2 Patient 3 Patient 4

Before corticosteroids 122 106 31 54
After corticosteroids 10 47 9-5 21

than that from the treated group of patients (Table
2). On the other hand, no significant differences
were seen between the serum values of ir-VIP in the
two groups (Table 1). Finally, a fall in the concen-
tration of ir-VIP in the synovial fluid was observed
in the four patients studied after injection of
corticosteroids into the affected knee joint (Table
4).

Discussion

The most significant results in the present study
were firstly, the high levels of ir-VIP seen in the
synovial fluid from patients receiving no treatment
at the sampling time compared with the treated
group of patients with inflammatory joint disease,
and secondly, that the concentration of ir-VIP in the
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synovial fluid fell drastically after intra-articular
injection of corticosteroids into the affected knee
joint in the four patients studied.
VIP is considered to be a neurotransmitter in

peptidergic autonomic nerve endings and VIP-ergic
neurones have been found in several organ
systems,"' but a possible relationship to joint struc-
tures has, to our knowledge, not yet been studied.
Therefore, we do not know whether the high
concentration of ir-VIP in the synovial fluid is
caused by local release from VIP-ergic nerve end-
ings. Another and perhaps more intriguing possi-
bility, however, is that VIP may be released from
leucocytes in the synovial fluid since ir-VIP is
present in human polymorphonuclear and mono-
nuclear leucocytes. 1 Furthermore, since the concen-
tration of ir-VIP in the synovial fluid was signifi-
cantly higher than in the serum, and no significant
differences were found in circulating ir-VIP between
treated and untreated patients, it is most likely that
VIP is released locally at the site of inflammation,
perhaps by inflammatory cells. The effect of intra-
articular corticosteroids on the concentration of ir-
VIP in the synovial fluid may suggest a relationship
between ir-VIP and the degree of inflammation.
The pathophysiological significance of the present

findings is not known. Among the leucocytes,
specific VIP receptors have been found on the
mononuclear cells only,1' and it is possible that VIP,
in addition to a possible neuronal release, may be
released from polymorphonuclear leucocytes and in
turn bind to receptors on the lymphocytes to modify
the function of these cells. This probably occurs via
activation of the adenylate cyclase-cyclic AMP
system since VIP is known to stimulate adenylate
cyclase and hence the production of cyclic AMP in
the lymphocytes."1 12 Furthermore, vasodilatation is
one of the most prominent effects of VIP,13 and
therefore VIP may also be of significance in the
mechanism of local vasodilatation at the inflamma-
tory site.

Recently, we have found high levels of circulating
VIP in experimentally induced endotoxinaemia in
pigs,14 and the present findings strongly suggest that
VIP may be of significance in inflammatory dis-
orders as well. Further support for this suggestion is
the wheal and flare response seen after intradermal
injection of VIP3 and that VIP, in addition to its
presence in polymorphonuclear and mononuclear
white blood cells,' also has been found in mast
cells,2 all cell types that are involved in joint
inflammation.

In the present study no significant differences in
the serum levels or ir-VIP, ir-PP, or ir-somatostatin
were noted between controls and treated or un-
treated groups of patients. Significantly higher levels

of ir-secretin were found, however, in the serum of
drug treated patients, probably reflecting the effect
of anti-inflammatory treatment as previously sug-
gested for secretin.5
The level of ir-secretin in the serum was signifi-

cantly higher that that in the synovial fluid, while
only a slight but not significant increase in serum ir-
PP was seen. Both peptides are produced in special
endocrine cells and are considered to be circulating
hormones.'5 16 Therefore their existence in the
synovial fluid can most probably be ascribed to
diffusion from the blood.

In contrast, somatostatin has in addition to its
possible hormonal role also been suggested as a
putative neurotransmitter substance,'7 and recently
somatostatin has also been shown to be present in
leucocytes.' Thus the amount of ir-somatostatin in
the synovial fluid, which was slightly but not
significantly higher than in the serum, can be
ascribed both to diffusion from the blood and to a
possible neuronal release and to release of somatos-
tatin from leucocytes in the synovial fluid.
The role of somatostatin in the synovial fluid is

not known. Since somatostatin is known to have
inhibitory effects on the release of several regulatory
peptides, including VIP,18 it may also have an
inhibitory effect on the release of VIP in the
synovial fluid. This, however, needs to be studied
further.

In conclusion, we have found increased levels of
ir-VIP in the synovial fluid from untreated patients
with inflammatory joint disease and a level of ir-VIP
in the synovial fluid higher than that in the serum. In
addition, intra-articular injection of corticosteroids
in affected knee joints seems to suppress the level of
ir-VIP in the synovial fluid. The results suggest that
VIP is involved in joint inflammation.

We appreciate the superb technical assistance given by Aase
Bendiksen and Jorunn Hansen. The present work was supported
by the Norwegian Research Council for Science and the Humani-
ties.

References
1 Lygren I, Revhaug A, Burhol P G, Giercksky K-E, Jenssen T
G. Vasoactive intestinal polypeptide and somatostatin in
leucocytes. Scand J Clin Lab Invest 1984; 44: 347-51.

2 Cutz E, Chan W, Track N S. Release of vasoactive intestinal
polypeptide in mast cells by histamine liberators. Nature 1978;
275: 661-2.

3 Blank M A, Anand P, Springall D R, Polak J M, Bloom S R.
VIP-containing nerves in human axillary skin supply exocrine
sweet glands. Regul Pept 1983; 6: 288.

4 Hallgren R, Lundqvist G. Elevated levels of circulating
pancreatic polypeptide in inflammatory and infectious disorders.
Regul Pept 1980; 1: 159-67.

5 Roony P J, Millar J, Hayes J R, Buchanan K D, Dick W C. On
the relationship between inflammatory joint disease and the
foregut hormones, gastrin and secretin. Ann Rheum Dis 1974;
33: 574-5.

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.45.8.637 on 1 A
ugust 1986. D

ow
nloaded from

 

http://ard.bmj.com/


640 Lygren, 0stensen, Burhol, Husby

6 Burhol P G, Lygren 1, Waldum H L. Radioimmunoassay of
vasoactive intestinal polypeptide in plasma. Scand J Gastro-
enterol 1978; 33: 807-13.

7 Jorde R, Burhol P G. Fasting and diurnal plasma PP, and the
effect of fasting and somatostatin on postprandial plasma PP.
Acta Physiol Scand 1982; 115: 421-5.

8 Burhol P G, Lygren I, Jenssen T G, Florholmen J, Jorde R.
Somatostatin release and plasma molecular somatostatin com-
ponents in man. Acta Physiol Scand 1984; 121: 223-8.

9 Burhol P G, Waldum H L. Radioimmunoassay of secretin in
acidified plasma. Acta Hepatogastroenterol 1978; 25: 474-81.

10 Fahrenkrug J. VIP as a neurotransmitter in the peripheral
nervous system. In: Said S I, ed. Vasoactive intestinal
polypeptide. New York: Raven, 1982: 361-72.

11 Guerrero J M, Prieto J C, Elorza F L, Ramirez R, Goberna R.
Interaction of vasoactive intestinal polypeptide with human
blood mononuclear cells. Mol Cell Endocrinol 1981; 21: 151-60.

12 O'Dorisio M S, Hermina N S, O'Dorisio T M, Balcerzak S P.

Vasoactive intestinal polypeptide modulation of lymphocyte
adenylate cyclase. J Immunol 1981; 127: 2551-4.

13 Said S I. Mutt V. Polypeptide with broad biological activity:
isolation from small intestine. Science 1970: 169: 1217-8.

14 Lygren I, Revhaug A. Burhol P G, Giercksky K-E. Portal and
systemic plasma VIP and secretin during intravenous infusion of
Escherichia coli endotoxin in pigs. Scand J Gastroenterol 1984:
19: 1048-52.

15 Hacki W H. Secretin. Clin Gastroenterol 1980; 9: 602-32.
16 Floyd J C Jr. Pancreatic polypeptide. Clin Gastroetnterol 1980:

9: 657-78.
17 Sundler F, Hakanson R. Leander S. Peptidergic nervous system

in the gut. Clin Gastroenterol 1980; 9: 517-43.
18 Fahrenkrug J, Schaffalitzky de Muckadell 0 B, Holst J J,

Lindkaer Jensen S. Vagal VIP-ergic control of pancreatic fluid
and bicarbonate secretion. In: Rehfeld J F, Amdrup E, eds.
Gastrins and the vagus. London: Academic Press, 1979: 123-32.

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.45.8.637 on 1 A
ugust 1986. D

ow
nloaded from

 

http://ard.bmj.com/

