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Increased concentrations of tumour necrosis
factor (TNF) and soluble TNF receptors in biliary
obstruction in mice; soluble TNF receptors as
prognostic factors for mortality

M H A Bemelmans, JWM Greve, D J Gouma, W A Buurman

Abstract
Systemic tumour necrosis factor (TNF) is
present in jaundiced mice. Two soluble
TNF receptors, sTNFr-P55 and sTNFr-P75
are reported to play a part in the natural
defence against TNF. This study investi-
gated the properties ofcirculating TNF and
sTNFr in jaundiced mice. The data show
that TNF in these mice is biologically inac-
tive and that an increase of both sTNFr is
seen (p<0.001). Surgical trauma in jaun-
diced mice is known to be accompanied by
a high mortality (36%) and increased TNF
concentrations. This study shows that both
systemic TNF and sTNFr concentrations
are increased after surgical trauma in
jaundiced mice and that sTNFr concentra-
tions rather than TNF concentrations were
found to be correlated with mortality. In
line with this finding this study showed that
lactulose pretreatment before a surgical
trauma in these mice significantly reduces
postoperative concentrations of sTNFr-
P75 (p<0005) and mortality (0%; p<005)
without reducing TNF concentrations,
while anti-TNF antibodies were ineffec-
tive. In conclusion, these data suggest that
TNF in biliary obstruction is rapidly in-
activated by increased concentrations of
sTNFr. Furthermore, sTNFr concentra-
tions rather than TNF concentrations show
a good correlation with mortality after
surgery in obstructive jaundice. The posi-
tive effect oflactulose on mortality could be
caused by a decreased inflammatory sta-
tus.
(Gut 1996, 38: 447-453)
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Endotoxaemia is reported to be present in
biliary obstruction in humans as well as in
animals.' 2 Moreover, tumour necrosis factor
(TNF al, unless stated otherwise), an indicator
of an ongoing inflammatory process, is present
in the circulation of biliary obstructed mice.3 It
was shown that surgery in biliary obstructed
mice resulted in an increase in circulating TNF
and in a high mortality.4 Various anti-TNF
treatments such as an anti-TNF mAb and
lactulose, an agent that reduces TNF release
by macrophages in vitro,5 have been tested.
Lactulose syrup given orally before operation
was the only agent that reduced the mortality

after surgery in these mice by a still unresolved
mechanism, this in contrast with preoperative
anti-TNF treatment. These data suggested
that blocking circulating TNF, using anti-
TNF mAb, is not crucial in preventing the
observed mortality.4 This is in contrast with
the effect of anti-TNF mAbs in septic models
where anti-TNF treatment was shown to be
highly effective.6 The fact that systemic anti-
TNF treatment fails in the obstructive jaun-
dice model, does not exclude an important role
for TNF, as TNF concentrations at cellular
level may be not sufficiently affected. More-
over, the fact that endotoxin, a strong inducer
of TNF, plays an important part not only
in obstructive jaundice7 but also in other
diseases,8 9 supports the hypothesis that TNF
is of major importance in the pathophysiology
of these diseases.
More recently it has been reported that

TNF can circulate in a bioactive form and an
inactive form.'0 The second form is immuno-
logically detectable and probably consists of
complexes of TNF bound to TNF binding
proteins, which represent the most likely
soluble TNF receptors (sTNFr)."1 There are
two TNFr, the 55 kDa TNF receptor (TNFr-
P55) and the 75 kDa receptor (TNFr-
P75).12-14 The extracellular parts of both
TNFr are present as soluble TNF receptors
(sTNFr) in the circulation and are released
from the cell membrane in several inflamma-
tory situations15-17 and experimental endo-
toxaemia in humans as well as in
mice.16 17 On the one hand, liberation ofTNFr
from the cell surface can protect for the delete-
rious effects of TNF by binding circulating
TNF and forming biologically inactive TNF-
sTNFr complexes, which are cleared by the
kidneyl 1 whereas on the other hand, the loss of
cell surface receptors could lead to a tran-
siently decreased responsiveness of cells to
TNF.18 In those circumstances sTNFr could
be regarded as TNF antagonists. Moreover,
TNF-TNF receptor complexes have also been
shown to behave as slow release reservoirs,18
which emphasises the biological importance of
these complexes.

Endotoxin is a strong inducer of liberation
of sTNFr'7 and high sTNFr concentrations
are considered to be an indicator for ongoing
inflammatory response. However, also TNF
increases concentrations of sTNFr, and
sTNFr concentrations are considered to be
important parameters for the status of inflam-
matory diseases.'9 20
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To investigate the inflammatory response in
obstructive jaundice, we studied the role of
TNF and sTNFr in obstructive jaundice.
Moreover, as surgery in obstructive jaundice
was associated with a high mortality and lactu-
lose was shown to reduce lipopolysaccharide
induced TNF release in vitro and to reduce
endotoxaemia and survival in vivo,1 4 7 we
investigated whether lactulose treatment (a
powerful TNF inhibitor) affected sTNFr con-
centrations.

Methods

Animals
Female Swiss mice weighing 27.5-34.5 grams,
obtained from Charles River Breeding
Laboratories (Heidelberg, Germany), were
maintained on a standard laboratory diet and
allowed free access to water. University of
Limburg criteria for animal care and use of lab-
oratory animals in research were followed
throughout. The experiments were approved
by the ethical committee for animal care of the
University of Limburg.

Reagents
The reagents used were described previ-
ously,'7 unless stated otherwise. TN3, a
hamster monoclonal antibody specific for
murine TNF was a generous gift from
Celltech, Slough, England.2' Polyclonal rabbit
antimurine TNF antiserum (RAMT) was pro-
duced by injecting rabbits with murine TNF
kindly provided by Knoll/BASF (Ludwig-
shafen, Germany). Recombinant murine
TNFr-P55, TNFr-P75, rabbit antisoluble
murine TNFr-P55, and P75 were kindly
provided by Dr D V Goeddel (Genentech,
San Francisco, CA). Lactulose syrup
(Duphalac) was a kind gift from Duphar
(Weesp, the Netherlands). Crystalline lactu-
lose (Legendal) was obtained from Inpharzam
(Amersfoort, the Netherlands).

Surgical procedures
Female Swiss mice were operated on under
light ether anaesthesia. Surgery was performed
on a temperature controlled water mattress.

Bile duct ligation (BDL) - a long mid-
abdominal incision was made and the common
bile duct was ligated and divided following our
modification of the method described by
Pinto.3 22 After the BDL all mice received 1 ml
saline subcutaneously. Blood was sampled on
defined time points. Mice were killed after 16
days.

Renal ischaemia was perform-ied 14 days after
BDL. On day 13, 100 ,ll of blood was taken
from every mouse. The technique of renal
ischaemia has been described earlier.4

Experimental protocol
BDL - mice were randomised into two

groups, a BDL group (n= 9) and a sham
operated group (SH; n=8). Blood was

sampled the day before the operation and on
day 4, 8, 12, and day 16. TNF was measured
by enzyme linked immunosorbent assay
(ELISA) and bioassay and sTNFr were
measured by ELISA. Renal function was
assessed by serum urea measurements and
biliary obstruction was confirmed by bilirubin
measurements. Renal blood flow measure-
ments using para-aminohippuric acid were
done in a separate group of mice.

Renal ischaemia - mice underwent a BDL or
sham operation. BDL mice were randomised
into four experimental groups: group 1, BDL
mice receiving from day 11-14 twice daily
03 ml distilled water orally (by gavage) fol-
lowed by renal ischaemia at day 14 (BDL-renal
ischaemia); group 2, BDL mice receiving from
day 11-14 twice daily 0.2 ml 30% lactulose
syrup orally followed by renal ischaemia at day
14 (BDL-Syr); group 3, BDL mice receiving
from day 11-14 twice daily 0.2 ml crystalline
lactulose (200 mg/ml) orally followed by renal
ischaemia at day 14 (BDL-Crys); group 4,
BDL mice receiving 0.5 mg of the monoclonal
anti-TNF antibody (TN3) intraperitoneally
dissolved in 0.5 ml saline seven hours before
the operation (BDL-TN3). The antibody was
given seven hours before renal ischaemia
because previous data in acute septic models
showed a high efficacy when given at that time
point.2' A control group of seven mice receiv-
ing 0.5 ml saline intraperitoneally seven hours
before the operation was used as a control
group for group 4. However, because the
results after renal ischaemia were not different
from control group 1, which received fluid
orally, these data are not shown.
The two different lactulose preparations were

used as in vitro experiments showed that lactu-
lose syrup is a more powerful TNF inhibitor
than crystalline lactulose.5 Moreover, these data
show that lactulose itself is not functional.
Preliminary data show that the difference is pos-
sibly caused by differences in purification
processes. The presence of 3-DGP, which is
reported to be a biological anti-inflammatory
agent, which is absent in crystalline lactulose
could play a part in this phenomenon.23
Unfortunately, sufficient amounts of 3-DGP,
necessary to further unravel this difference are
lacking at this moment. Blood for TNF and
sTNFr measurements was collected 90 minutes
and 24 hours after renal ischaemia after which
the mice were exsanguinated. During these 24
hours mortality was monitored. Animals with
leakage of bile or animals that did not survive
the first 90 minutes after reperfusion were
excluded from the experiment. After correction
for mortality during renal ischaemia, the
remaining animals were divided as follows over
the groups: group 1: n=14, group 2: n=1,
group 3: n= 11, group 4: n= 11; sham operated
group 5: n=9 (Table I).

ELISA for murine TNF
ELISA for murine TNF was performed as
described earlier by Dentener.24 The ELISA
has a lower detection limit of 50 pg/ml TNF.
The ELISA recognises free TNF as well as
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TABLE I Experimental design

Group 1 Group 2 Group 3 Group 4 Group 5
RI Syr Csys TN3 Sham-RI
(n= 14) (n= 11) (n= 1 1) (n =11) (n= 9)

Day 0 BDL BDL BDL BDL Sham BDL
Day 11 PBS Syr Crys PBS
Day 12 PBS Syr Crys PBS
Day 13 PBS Syr Crys PBS
Day 14 RI RI RI TN3-RI RI

BDL=bile duct ligation, RI=renal ischaemia, TN3=monoclonal anti-TNF antibody,
Crys=crystalline lactulose, Syr=lactulose syrup. Serum TNF and sTNFr were measured by
ELISA 90 minutes after reperfusion. Survival was assessed during 24 hours.

TNF bound to binding proteins (immunologi-
cally detectable TNF).

WEHI 164 cytotoxicity bioassay
Biological TNF activity was measured using
the murine fibrosarcoma WEHI 164 cell
line.25 26 The MTT method was used to assess
cell killing as described previously.27 LD50
ranged between 10 and 40 pg/ml.

ELISA for soluble murine TNFr
ELISA for murine sTNFr was performed as
described earlier.'7 The detection limit for
murine sTNFr-P55 is 5 pg/ml and for murine
sTNFr-P75 50 pg/ml.

Renal bloodflow measurements
Renal blood flow was assessed by modification
of the method of Selkurt et al.28 Instead of
administration of para-aminohippuric acid
(PAH) by catheters we administered PAH by
means of osmotic minipumps implanted
intraperitoneally. To this end, six BDL opera-
tions and four sham operations were per-
formed. Fourteen days after surgery, Osmotic
Alzet minipumps (model 1 003D, Alza
Corporation, Palo Alto, CA) were implanted
intraperitoneally. Before surgery, the pumps
were filled with 100 p1 of 2-1 M PAH. After
filling, they were incubated for four hours at
37°C in sterile saline to obtain stable flow.
Thereafter, the pumps were implanted intra-
peritoneally. Blood was sampled 18, 28, and
52 hours after implantation. Blood was taken
by orbital puncture and collected on ice in
heparinised cups (Microvette CB 1000,
Sarstedt, Numbrecht, Germany). PAH was
measured by standard techniques as described
previously.29 PAH extraction rate is considered
to be more than 90%.30 Therefore, renal blood
flow was calculated as input divided by the
whole blood concentration of PAH in
ml/min.30

Statistical analysis
Statistics were performed using the SPSS/PC+
Statistical Software Package.31 Differences in
serum TNF and sTFNFr concentrations were
calculated using analysis of variance.
Differences between TNF or sTNFr concen-
trations preoperatively or postoperatively and
mortality were determined using the Kruskal-
Wallis test. Differences in mortality were
calculated by the log rank test. Data are

TABLE II Renal bloodflow (ml/min) after bile
duct ligation (BDL) or sham operation

18 Hours* 28 Hours 52 Hours

Sham (n=4) 2-55 (0-18)t 3-41 (0.85) 2-25 (0-51)
BDL (n=6) 1-37 (0-31) 1-85 (0.49) 2-30 (0.24)

*Time point after implantation of osmotic minipump.
tData are expressed as means (SEM).

expressed as means (SEM) unless stated other-
wise. Probability values below 0.05 were con-
sidered to be statistically significant.

Results

Confirmation ofjaundice and evaluation of renal
function
Bilirubin concentrations in biliary obstructed
mice, taken 16 days after the BDL were
significantly higher compared with the sham
operated control mice (277 (82) p.mol/1 v 3.7
(0.8) ,umol/l, respectively; p<0.001), showing
that the operation had been successful.
Because biliary obstruction has been sug-
gested to be accompanied by a changed renal
function32-34 and because TNF and sTNFr
concentrations are affected by decreased renal
function,"1 we studied urea concentrations as
well as renal blood flow. Urea measurements
16 days after BDL showed no significant dif-
ferences between the BDL (n=9) and the
sham (n=8) mice (8-3 (5.4) v 9.1 (1-3)
mmolI1; NS).
The implantation of the osmotic minipump

in BDL mice for renal blood flow measure-
ment resulted in a reduced renal blood flow 18
hours after implantation compared with con-
trol mice (Table II). The data show that the
renal blood flow in BDL mice is only tran-
siently reduced and the results suggest that this
reduction is most probably caused by surgery.
After surgery, the renal blood flow gradually
improves resulting in comparable renal blood
flow after 52 hours between BDL and control
mice. The results of the urea concentrations
and the renal blood flow data in BDL mice
suggest that renal function is not or negligibly
affected in BDL mice.

Circulating TNF and kinetics ofsTNFr after
BDL
Circulating TNF concentrations measured by
ELISA before operation were below detection
limit. After sham BDL operation, TNF con-
centrations remained undetectable during the
experimental procedure. In the BDL group,
however, there was a clear increase in circulat-
ing TNF that became evident after eight days,
reaching peak concentrations after 16 days of
1.6 ng/ml (p<0.001; data not shown). Bio-
logically active TNF could not be detected by
the WEHI-bioassay in any of the samples, sug-
gesting that TNF circulates as biologically
inactive TNF-sTNFr complexes.
Whereas TNF is not detectable in serum of

normal non-treated mice, we detected
approximately 90 pg/ml sTNFr-P55 and 5.5
ng/ml sTNFr-P75 in normal control mice,
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500 - A rapid increase in both sTNFr-P55 concentra-
tions and sTNFr-P75 concentrations.

400 sTNFr-P55 concentrations showed peak con-
--~ -------| centrations of 400 pg/ml after 12-16 days

(p<0 01 compared with sham operated con-
300 - trols; Fig IA), while sTNFr-P75 concentra-

tions showed peak concentrations after 12
days of 34 ng/ml (p<0 01 compared with the

200 ,,' sham operated controls; Fig 1 B). These

100
/ T increased concentrations are strongly sugges-

1000 tive of an ongoing inflammatory process in
these mice. In a previous study it was shown

00I I I that endotoxin administration (7.5 or 15 ,ug
0< > 4 8 12 16 per gram body weight) in combination with

renal ischaemia in rats resulted in high TNF
40 B

concentrations and high mortality, while40B either treatment separately was tolerated well
in normal rats.35 In accordance with this

30 - - study, renal ischaemia in jaundiced mice, asituation that is known to be accompanied by
endotoxaemia results in a high mortality.4

20 _ 1 Because endotoxaemia is associated with high
TNF and sTNFr concentrations and as these
concentrations are related to mortality,8 9 36

10 ,/'renal ischaemia was used as a surgical trauma
model in BDL mice.
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P75 concentrations. Data are shown). In the four experimental BDL groups,
EM) there were preoperatively no significant differ-

ences in serum TNF concentrations as
iat are in the same range measured by ELISA (Fig 2). Serum samples
previously. 17 Sham BDL taken 90 minutes after renal ischaemia showed
d in a negligible increase that serum TNF concentrations were signifi-
concentrations, whereas cantly increased in group 1 (BDL-renal

entrations remained similar. ischaemia group). As expected, TNF concen-
)n, however, resulted in a trations were significantly reduced in group 4

(anti-TNF group) compared with group 1,
while they were not statistically different in
group 2 (lactulose syrup group) and 3 (crys-
talline lactulose group) compared with group 1
(Fig 2). Moreover, no significant differences
were seen between serum TNF concentrations
of BDL mice before renal ischaemia from
groups 1-4 that subsequently died compared
with TNF concentrations of survivors
(p=0-91), nor was this difference present 90
minutes after renal ischaemia (p=0.54). In
none of the animals was the TNF as detected
by ELISA biologically active after renal
ischaemia (data not shown).

In the four individual treatment groups
(groups 1-4), sTNFr-P55 concentrations
and sTNFr-P75 concentrations were similarly
increased preoperatively before renal
ischaemia (Fig 3 A and B), while sTNFr con-
centrations in the sham group (group 5) were
at the same level as normal control mice. After
renal ischaemia, a significant increase was seen

AfterRI
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Figure 3: Serum sTNFr concentrations before and 90 minutes after renal ischaemia (I
in BDL mice. Control mice (group 1) (n= 14), lactulose syrup (group 2) treated BDI
mice (n=11), crystalline lactulose (group 3) treated BDL mice (n=11), TN3 treated
(group 4) BDL mice (n= 11), and sham operated BDL mice (n= 9). (A) Represents
sTNFr-P55 concentrations, (B) represents sTNFr-P75 concentrations. Data are expre
as means (SEM).

(Fig 3 A and B). There were no differe
between sTNFr-P55 concentrations in
BDL-renal ischaemia mice (group 1) and
treatment groups. However, while the incr
in sTNFr-P75 concentrations in the BDL-x
ischaemia group, the crystalline lactulose gr
and the TN3 group were not significantly di
ent from each other, sTNFr-P75 concei

tions were significantly reduced in the lactu
syrup group (p<0 005) compared with B

renal ischaemia group. The fact that crysta
lactulose, in contrast with lactulose syrup,
not lead to low sTNFr concentrations seen

be in agreement with in vitro results where
first of these is less potent in redu
lipopolysaccharide induced TNF release
monocytes than the second, although in
TNF reduction is minimal.

Mortality
Mortality in the BDL-renal ischaemia group
was 36% (Table III). Pretreatment with TN3
or crystalline lactulose did not reduce mortality
(both 45%). However, in agreement with pre-
vious published data, lactulose syrup signifi-
cantly reduced mortality (0%; p<0 05).
Preoperatively, there was a significant differ-
ence between both sTNFr-P55 and sTNFr-
P75 concentrations in mice of group 1-4 that
survived renal ischaemia compared with the
mice of those groups that did not survive renal
ischaemia (p=0.035 and p<0 005, respec-
tively). This difference was also present 90
minutes after renal ischaemia (p<0 001 and
p<0 001, respectively; Fig 4).

Discussion
The presence of the cytokine TNF in the cir-
culation is considered to be indicative of the
presence of an ongoing inflammatory
response.37 Increased concentrations of circu-
lating sTNFr, which are considered to be
antagonists ofTNF, are also seen in the circu-
lation during inflammation.'9 20 During exper-
imental endotoxaemia, sTNFr concentrations
are strongly increased and remain, in contrast
with systemic TNF, increased for a longer
period of time.'6 17 20 The concentrations of
sTNFr therefore can be considered, at least in
part, as a consequence of TNF release. In
previous studies,11 38 we obtained substantial
evidence that the half life of these complexes is
indeed longer than the half life of TNF alone
and that the renal function is important in the
clearance of these complexes. Therefore,
sTNFr concentrations seem to be of value for
monitoring the inflammatory response.
As obstructive jaundice is associated with

endotoxaemia, we also determined sTNFr as
well as TNF in BDL mice. The data showed
that in BDL mice both TNF and sTNFr con-
centrations (sTNFr-P55 as well as sTNFr-
P75) are considerably increased, indicating an
ongoing inflammatory process. These findings
support previous data from our group showing
the presence of systemic TNF and inter-

essed leukin 6, indicative for an inflammatory pro-
cess in BDL mice.3
The presence of the detected TNF (bio-

active and immunoreactive TNF) in BDL
nces mice probably points to the presence of an
the ongoing synthesis ofTNF after which the pro-
the tein is rapidly inactivated in the circulation.'0

cease We hypothesise that this inactivation is, at least
renal partially, caused by formation of bio-inactive,
oup, immunologically detectable complexes of
iffer- TNF with sTNFr. Indeed, we observed
ntra- increased concentrations of both sTNFr in
ilose
,DL- TABLE III Mortality after renal ischaemia (RI)
lline
does
ns to
c the
icing
L by
vivo

Mortality (0) p Value

BDILRI (5/14) 36 NA
TN3/RI (5/11) 45 NS
Lactulose syrup/RI (0/11) 0 p<0-05
Crystalline lactulose/RI (5/11) 45 NS
Sham BDI2RI (0/9) 0 p<0-05

*Mortality was recorded during 24 hours. Abbreviations as in
Table I. NA=not applicable.
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Figure 4: Serum sTNFr concentrations before and 90
minutes after renal ischaemia (RI) in all experimental
BDL mice (sham operated BDL mice excluded) in
survivors (n= 32) and non-survivors (n=15). (A)
Represents sTNFr-P55 concentrations, (B) represents
sTNFr-P75 concentrations. Data are expressed as means

(STD).

the circulation of BDL mice. Nevertheless,
while TNF concentrations increased during
the progression of obstructive jaundice,
sTNFr concentrations reached plateau con-
centrations and sTNFr-P75 decreased after
several days. Because bioactive TNF
remained absent, these data suggest that even
the diminished amount of sTNFr is capable
of inactivating TNF. However, it is not
certain whether sTNFr are the only inhibitors
ofTNF.
As TNF-sTNFr complexes are cleared by

the kidney,1' it was essential to rule out that
the observed increase in sTNFr after BDL
resulted from diminished renal function. We
therefore determined renal function by
measuring serum urea and renal blood flow by
PAH clearance in BDL mice. In contrast with
several reports that describe a decreased renal
function after biliary obstruction,32-34 but in
agreement with others,39 we found no signifi-
cant differences in renal function in BDL mice
that could be held responsible for the massive
increase in concentrations of circulating
sTNFr. We conclude therefore that the
increased concentrations of sTNFr after BDL
reflect an ongoing inflammatory process rather
than a decreased renal function. The data
regarding the renal blood flow show, however,
that surgery in BDL mice (implantation of the
pumps) is associated with a temporary reduc-
tion in renal blood flow. This seems to reflect
the higher susceptibility of BDL mice to
trauma.

In contrast with others who use also shorter
periods of obstructive jaundice,4042 our
experiments use a biliary obstruction model of
14-16 days. It is known that mortality and
morbidity after surgery in obstructive jaundice
are significantly higher in high bilirubin
groups.33 43 A previous study from our group,
showed that maximal bilirubin concentrations
were reached between 10-16 days.3 In addi-
tion, from day 12 after obstructive jaundice
onwards significantly increased concentrations
of interleukin 6 were seen in the circulation,
pointing to an ongoing inflammatory process.
Moreover, more severe haemodynamic
changes and more pronounced decreases in
reticuloendothelial function have been
described after a longer period of obstructive
jaundice.4-42

Intervention with lactulose syrup was the
only treatment that resulted in a significantly
reduced mortality while systemic TNF con-
centrations were not significantly reduced.
This is in agreement with previous data that
showed that TNF was of little prognostic
importance for mortality.4 44 In contrast,
sTNFr concentrations were found to be
strongly correlated with mortality after surgery
in jaundiced mice. The fact that the mice die
despite high sTNFr concentrations, which are
considered protective, could be because the
amount of sTNFr is not sufficient to block all
TNF effects, especially the effects in local
tissue. Moreover, according to Aderka et al,
these TNF-sTNFr complexes are potentially
hazardous because they could function as slow
release reservoirs.18
The protective mechanism of lactulose

syrup is thus far unclear. The significant
reduction in sTNFr-P75 concentrations
suggest that the effect of lactulose syrup on
mortality is the result of reduction of the
inflammatory status of the mice. Lactulose
syrup could reduce the inflammatory status
by its reported reduction of endotoxaemia by
inactivating endotoxins originating from the
gut.' However, a direct effect of lactulose on
cytokine production by mononuclear phago-
cytes could also be responsible.5 The fact that
crystalline lactulose is not as effective as lactu-
lose syrup is in agreement with previous data
showing that lactulose syrup is a more potent
lipopolysaccharide inactivator1 and reduced
more effectively TNF production of mono-
nuclear phagocytes after lipopolysaccharide
stimulation.5 The difference in effect between
lactulose syrup and crystalline lactulose is
expected to result from differences in purifi-
cation process of both lactulose preparations.
The putative presence of 3-deoxy-D-glycero-
pentulose (a compound that is known for its
antiproliferative and cytotoxic properties)
could play a part in the observed differ-
ences.23 In pilot experiments with different
lactulose contaminants, 3-DGP seemed to
inhibit TNF release after injection of endo-
toxin in mice (data not shown).
As already mentioned, increased concentra-

tions of sTNFr are not only a result of an
inflammatory response but are also influenced
by renal function.36 45 Recently, we found that
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plasma concentrations of both sTNFr are
affected to an identical extent by decreased
renal function (data not shown). After renal
ischaemia, lactulose syrup affected only
sTNFr-P75 concentrations, but not sTNFr-
P55 concentrations. Because of the discrep-
ancy between both sTNFr concentrations, it is
concluded that the reduction of sTNFr-P75
concentrations after renal ischaemia was more
likely to be the result of the reduced inflamma-
tory status rather than decreased clearance of
the sTNFr by the kidneys. We cannot exclude,
however, that the increased sTNFr concentra-
tions after renal ischaemia are partially caused
by diminished renal function.

In conclusion, the presence of TNF in in-
activated form together with increased concen-
trations of both sTNFr in the circulation of
mice with biliary obstruction is indicative
for an ongoing inflammatory process. Further-
more, the data show that sTNFr concentra-
tions, in contrast with systemic TNF
concentrations, correlate with mortality after a
surgical trauma in jaundiced mice. Lactulose
syrup treatment is associated with a positive
effect on mortality and with a reduction of
sTNFr-P75 concentrations, which suggests
that the inflammatory response is reduced,
although the underlying mechanism remains
unclear. The clinical importance of increased
sTNFr concentrations as an indicator for
inflammation after surgery in obstructive jaun-
dice remains to be elucidated.
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