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bstract. The aim of this study was to evaluate the effect of lipopolysaccharide (LPS) administratio� n, which
m� imics a surgical intervention, on the immune status of obstructive jaundiced (OJ) and sham� -operated control
rats. Rats were given 20 µg�  LPS intraperitoneally on day 13 following bile duct ligation or sham surgery. We
d

�
etermined serum levels of tumor necrosis factor α (TNF-α)

�
 and interleukin 6 (IL-6) on day 14 after surgery,

a� nd spontaneous as well as LPS-induced production of these cytokines in splenocyte and perito� neal exudate cell
(PEC) cultures. We found that IL-6, but not TNF-α, serum concentrations were significantly elevated (4-fold) in
O

�
J rats treated with LPS compared with LPS-untreated OJ rats. In sham-operated rats the differenc� es between

t
�
he respective groups were not significant. The production of TNF-α by splenocyte and PEC cultures was

d
�
epressed in OJ rats treated with LPS; in particular, a very deep decline was observed in the ca� se of spontaneous

TNF-α production in PEC cultures. In contrast, TNF-α production in LPS-untreated and LPS-treated sham-oper-
a� ted rats did not differ. In the case of IL-6 production by splenocytes and PEC cultures, we observed a significant
suppression of this cellular function in both OJ and sham-operated rats treated with LPS when c� ompared with
t

�
he respective controls. In conclusion, the results indicate that the already depressed cyt

�
okine production in OJ

rats leads to even deeper hyporeactivity following LPS challenge. Lack of TNF-α suppression upon LPS treatment
in sham-operated rats suggests that surgery-elicited hyporeactivity is mediated by a different mechanism than that
leading to immune hyporesponsiveness in OJ. Our findings may explain the relatively high mo� rtality rates
o� bserved of OJ patients subjected to surgery.

K
�
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Introduction

Surgical procedures in obstructive jaundice patients
r� esult in significantly increased mortality2, 10, 16.
A

�
 number of reports have indicated the significance of

lipopolysaccharide (LPS) and translocating bacteria in
t

�
he pathogenesis of obstructive jaundiced (OJ)4, 5, 11, 15,

18, 21, 22. Disturbances in metabolism in OJ may include
a�  reduced expression of adhesion molecules and an im-
p� aired response of neutrophils to bacterial products18,
a� cute circulatory failure5

�
, decreased wound healing6

�
,

f
�
all in renal blood flow and blood pressure22, renal

failure and overproduction of nitric oxide15 as well as
e� nhanced production of hydroxyl radicals and liver
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d
�
amage2

�
1. A second clinical insult in OJ patients is fre-

q� uently fatal10. To gain a better insight into the mech-
a� nism of the apparent lack of defense mechanisms in
such patients, an experimental model in rats was de-
signed which mimicks surgery by the administration of
small doses of endotoxin to OJ rats17, 20. These studies
r� evealed a decrease in hepatic energy metabolism2

�
0 and

liver damage17. However, data evaluating the immune
status of OJ rats treated with LPS are still incomplete,
p� articularly with regard to cytokine production by im-
munocompetent cells. Therefore, the aim of this study
w as to determine the effect of LPS administration on
13-day OJ rats and sham-operated controls by measur-
ing serum levels of and the ability to produce TNF-α
a� nd IL-6 spontaneously and upon contact with LPS in
splenocyte and peritoneal exudate cell cultures.

M
!

aterials and Methods

A
"

nimals. Male rats of the Buffalo strain (170–270 g,
m� ean 230 g) were used. The rats were maintained in
stable conditions, fed a standard commercial diet with
free access to food and water.

S
#

urgical procedure. Procedures were performed
u$ nder light oxygen-ether anesthesia in clean, but not
sterile conditions. The abdominal cavity was opened
w ith a midline incision after disinfecting the skin. The
c� ommon bile duct (CBD) was located and OJ induced
b

%
y a double ligation with 5/0 silk and transsection of

t
�
he CBD in the supraduodental part between the lower-

most tributary of the bile duct and the uppermost tribu-
t

�
ary of the pancreatic duct. The control group rats

u$ nderwent opening of the abdominal cavity and dissec-
t

�
ion of the CBD without ligation.

At the end of the experiment, after opening the ab-
d

�
ominal cavity, blood for bilirubin measurement was

t
�
aken from all rats by direct aortic puncture.

I
&
n rats with OJ, the bilirubin level was high, the liver

w as markedly enlarged with characteristic discolora-
t

�
ion, and the CBD was significantly dilated.

Preparation of peritoneal and spleen cell cultures
a' nd induction of cytokines in cell cultures. In brief, the
p� eritoneal cavities of the rats were lavaged with pre-
c� ooled Hanks’  solution using a syringe. The cells were
w ashed 2 times with Hanks’  solution and resuspended
a� t a concentration of 106

�
/

(
ml in a culture medium

(RPMI 1640, 5 mM L-g glutamine, sodium pyruvate
a� nd antibiotics, supplemented with 10% fetal calf
serum (FCS)). When harvesting the peritoneal cells, the
spleens were removed and a single cell suspension was
p� repared by pressing the organs through a plastic

screen, then washed 2 times with Hanks’  solution and
resuspended in the culture medium at a concentration
o� f 107

)
/

(
ml. The peritoneal exudate cell (PEC) (106

�
/

(
ml)

a� nd splenocytes (107
)
/

(
ml) were incubated overnight in

24-well plates with or without 5 µg�  LPS/ml from
E. coli strain No. 011: B4 lot 5711148 (Sigma). The
supernatants were harvested and kept frozen until cyto-
kine determination.

Determination of IL-6 activity. The assay was per-
f

�
ormed according to VA

*
N SN

+
ICK et al.22. Briefly, 7TD1

indicator cells were washed 3 times with Hanks’  solu-
t

�
ion and resuspended in Iscove’s medium supplemented

w ith 10% FCS, HEPES buffer, glutamine and antibio-
t

�
ics with density of 2 × 104 cells/ml. Then, the cells
w ere distributed in 100 µl

,
 aliquots into 96-well flat-bot-

t
�
om plates containing 100 µl

,
 of serially diluted plasma

o� r supernatant in triplicate. After 72 h of culture the
p� roliferation of 7TD1 cells was determined using the
M

-
TT colorimetric method12. The results of IL-6 activity

a� re presented in pg/ml, a concentration of IL-6 which
c� orresponds to the activity of IL-6 expressed in units
p� er 1 ml22. One unit of IL-6 activity was calculated as
t

�
he inverse dilution of a plasma sample where a half-
maximal proliferation of 7TD1 cells was registered.
T

.
he sensitivity limit in this assay is 0.5 pg IL-6 when

t
�
ested a recombinant IL-6. The 7TD1 line responds by
p� roliferation only to IL-622.

Determination of TNF-α activity. For the determi-
nation of TNF-α activity7

)
, a highly specific indicator

c� lone, WEHI 164.13, was used. The cells were washed
3 times with Hanks’  solution and resuspended in RPMI
1640, supplemented with 10% FCS, glutamine and
a� ntibiotics at a concentration of 2 × 105

�
/

(
ml. The cells

w ere then distributed into 96-well, flat-bottom plates
(2 × 104

/
/

(
well). Serially diluted plasma samples were

p� repared on separate plates and transferred to microtiter
p� lates containing WEHI 164.13 cells. The medium con-
t

�
ained in addition 1 µg� /ml actinomycin D to increase
t

�
he sensitivity of the assay. After overnight incubation, the
survival of cells was determined using the MTT colorime-
t

�
ric assay12. The results of TNF-α activity are presented
in pg/ml, where 10 pg of TNF-α corresponds to 1 unit of
a� ctivity when tested a recombinant human TNF-α. The
sensitivity limit of this assay is 2.5 pg of TNF-α.

S
#

tatistics. The results are presented as mean values
from several rats (as indicated in figure legends
+ standard deviation). In the statistical evaluation of the
results with regard to TNF-α and IL-6, one-way ana-
l

,
ysis of variance for completely randomized block de-

sign for 3 levels (influence of the studied subgroups of
r� ats, presence of OJ and its persistence) was applied. In
o� ther studies, Student’s t0 -test, Cox-Cochran’s test and
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p� aired data were applied. Each time the results were veri-
fied with the non-parametric Mann-Whitney test. The dif-
ferences were regarded as significant when p< 0.05.

Results

TNF-α and IL-6 serum activities in 14-day OJ and
s1 ham-operated rats treated or untreated with LPS

T
.

he serum levels of TNF-α and IL-6, expressed in
p� g/ml, in 14-day OJ rats and sham-operated control
a� nimals, treated or untreated on day 13 of OJ with 20
µg�  of LPS from E

2
. coli strain No. 011: B4 lot 5711148

(Sigma), are shown in Fig. 1. Differences in cytokine
serum levels between the experimental groups were
f

�
ound only in the case of IL-6. First, in the rats un-

t
�
reated with LPS, there was no difference in IL-6 serum

levels between OJ and control rats. Second, OJ rats
t

�
reated with LPS had a 5-fold higher serum IL-6 con-
c� entration compared with their control counterpart.
T

.
hird, control LPS-treated rats demonstrated higher

I
&
L-6 levels compared with the appropriate control, and

t
�
hese levels were significantly lower (by 70%) than

t
�
hose in OJ rats treated with LPS.

S
#

pontaneous and LPS-induced TNF-α production 
b

3
y splenocyte and peritoneal exudate cell cultures 

o4 f 14-day OJ and control rats treated with LPS 
o4 n day 13 of OJ

Spontaneous and LPS-induced TNF-α production
b

%
y splenocyte and peritoneal exudate cell cultures are

shown in Fig. 2 and 3. Analysis of Fig. 2 revealed that
t

�
here was no change in TNF-α in splenocyte cultures

o� f OJ versus control rats in LPS-untreated animals.
H

5
owever, following LPS administration there was

a�  profound decline of both spontaneous (statistically
significant) and LPS-induced (not significant) TNF-α
p� roduction by splenocytes of OJ rats compared with
LPS-treated control rats. Also, TNF-α production by
LPS-treated OJ rats was significantly lower than in the
r� espective OJ control rats untreated with LPS. A some-
w hat different picture was observed in PEC cultures,
u$ nstimulated or stimulated with LPS for TNF-α pro-
d

�
uction. It was of interest that both spontaneous and

LPS-induced TNF-α production did not differ between
O

�
J and control rats in the LPS-untreated category of

a� nimals. The responses of cells from OJ rats were ap-
p� roximately one third higher compared with control
rats. However, in the category of LPS-treated rats, the
spontaneous TNF-α production in both OJ and sham-
-operated rats was very low compared with LPS-un-
t

�
reated rats (highly significant differences). In addition,

L
6

PS-induced TNF-α production in LPS-treated OJ rats
w as lower than in the relevant control group of the
LPS-untreated category (a significant depression).

S
#

pontaneous and LPS-induced IL-6 production 
b

3
y splenocyte and peritoneal exudate cell cultures 

o4 f 14-day OJ and control rats treated with LPS 
o4 n day 13 of OJ

T
.

he ability of spleen and peritoneal exudate cells
from OJ and control rats to produce IL-6 spontaneously

F
7

ig. 1. TNF-α8  and IL-6 serum activities in 2-week obstructive jaundiced rats and in sham-operated controls treated on the 13t
9
h day or

u: ntreated with LPS. Rats treated with LPS (1, 2, 5, 6), untreated rats (3, 4, 7, 8). Statistically significant differences 5:6 (p<0.01) and 5:7
(
;
p<0.001), other relations 1:2, 3:4, 7:8, 1:3, 2:4 and 6:8 not statistically significant

J
<
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a� nd upon LPS-stimulation in culture is presented in Fig.
4 and 5. In the category of LPS-untreated animals, no
d

�
ifferences in both types of response between OJ and

c� ontrol rats were registered. Cells from LPS-treated
r� ats, on the other hand, showed a significantly lower
a� bility to produce IL-6 in comparison with the respec-
t

�
ive LPS-untreated control groups.

D
=

iscussion

The present study on the immune status of OJ and
sham-operated rats provided an explanation for the ex-
c� eptional vulnerability of OJ patients, subjected to clini-
c� al insult, to postoperative complications. In addition,
o� ur experiments revealed differences in responses to

Fig. 3. TNF-α8  activities in culture of peritoneal exudates cells derived from 2-week obstructive jaundiced rats and sham-operated controls
t
>
reated on 13t

9
h day or untreated with LPS. The rats treated with LPS (1–4), untreated rats (5–8); cultures treate? d with LPS (3, 4, 7, 8),

u: ntreated cultures (1, 2, 5, 6). Statistically significant differences 1:5 (p<0.001), 2:6 (p<0.001), and 3:7 (p=0.02), other relations 1:2, 3:4,
5
@
:6, 7:8 and 4:8 not statistically significant

Fig. 2. TNF-α8  activities in culture of splenocytes isolated from 2-week obstructive jaundiced rats and sham-operated controls treated on
t
>
he 13t

9
h day or untreated with LPS. Rats treated with LPS (1–4), untreated rats (5–8); cultures treated with LPS (3, 4, 7, 8), untreated

cA ultures (1, 2, 5, 6). Statistically significant differences 1:5 (p<0.001), 2:6 (p=0.013), 1:2 (p=0.03) and 3:7 (p=0.04), other relations 3:4,
3
B
:6, 7:8 and 4:8 not statistically significant
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LPS challenge between rats subjected to sham surgery
a� nd rats with fully developed, long-term OJ. In general,
t

�
he immune status of rats which had been given LPS in

t
�
he postoperative period was characterized by a deep
h

C
yporeactivity in terms of cytokine production (Fig. 2–

5
D
). This phenomenon could be the cause of the high

mortality of OJ rats given 100 µg�  LPS in our pilot
e� xperiments (not shown). To ensure 100% survival, we
lowered the dose of LPS to 20 µg� . It was of interest

t
�
hat the LPS challenge was not reflected by changes in

T
.

NF-α serum levels between OJ and control rats. On
t

�
he other hand, IL-6 serum levels were 5-fold higher in

O
�

J LPS-treated and by 2-fold in sham-operated LPS-
-treated rats. Elevated IL-6 serum levels could be
a�  cause of depressed TNF-α production in LPS-treated
rats, since one of the functions of IL-6 is to inhibit
T

.
NF-α production19. Not significantly elevated IL-6

c� oncentrations in LPS-treated sham-operated rats could

F
E

ig. 4. IL-6 activity in culture of splenocytes isolated from 2-week obstructive jaundiced rats and sham-operated controls
t

F
reated on the 13tG h day or untreated with LPS. Rats treated with LPS (1–4), untreated rats (5–8); cultures treat

F
ed with LPS

(
H
3, 4, 7, 8), untreated cultures (1, 2, 5, 6). Statistically significant differences 1:5 (p<0.001), 2:6 (p=0.001), 3:7 (p<0.001)

aI nd 4:8 (p<0.001), other relations 1:2, 3:4, 5:6, and 7:8 not statistically significant

Fig. 5. IL-6 activity in cultures from peritoneal exudate cells derived from 2-week obstructive jaundiced rats and sham-operated controls
t
>
reated on the 13t

9
h day or untreated with LPS. Rats treated with LPS (1–4), untreated rats (5–8); cultures treated with LPS (3, 4, 7, 8),

u: ntreated cultures (1, 2, 5, 6). Statistically significant differences 1:5 (p=0.001), 2:6 (p<0.001), 3:7 (p<0.003) and 4:8 (p<0.001), other
relations 1:2, 3:4, 5:6 and 7:8 not statistically significant

J
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a� lso explain the lack of TNF-α suppression in the cells
o� f sham-operated rats. Another reason of the low serum
TNF-α level in LPS-treated OJ rats could be increased
c� oncentrations of soluble TNF-α receptor3

�
. The con-

c� omitant presence of TNF-α and its soluble receptor
may lower the activity of TNF-α measured by bioas-
says in this work. The phenomenon of reticuloendothe-
lial system hyporeactivity following surgery or in septic
shock1, 23 is well known and caused by monocyte/mac-
r� ophage desensitization or exhaustion8, 23. Although
d

�
own-regulation of other LPS receptors may be associ-

a� ted with this phenomenon9
J
, it seems likely that inhibi-

t
�
ion of MHC class II molecules could account for the

d
�
escribed deep hyporeactivity. Particularly, the pro-

f
�
ound inhibition of spontaneous cytokine production by

p� eritoneal cells may be a good indicator for such
a�  mechanism, since PEC consist mostly of macro-
p� hages. One of us recently demonstrated that the spon-
t

�
aneous cytokine production in a mixed culture of syngeneic
macrophages and T cells may be blocked by antibodies
a� gainst MHC class II antigens on macrophages24.

T
.

he hyporeactivity of cells in both categories of rats
(OJ and sham-operated) was very deep. On the other
hand, unmanipulated control animals expressed signifi-
c� ant levels of cytokine production6

�
, exceeding 5–10

t
�
imes the values observed in surgical animals. The pro-

d
�
uction of TNF-α by PEC cultures (mostly macro-

p� hages) could not be further increased upon LPS induc-
t

�
ion (Fig. 3). This endotoxin tolerance for TNF-α

p� roduction in OJ was observed by others13, and the
i

K
ncreased concentrations of soluble TNF-α receptor

c� ould play a role in this phenomenon3
�
. Splenocytes,

h
C
owever, produced more TNF-α upon LPS induction,

w hich indicates that other cell types (e.g. T cells) could
b

%
e responsible for TNF-α synthesis. Also, in the case

o� f IL-6, both splenocytes and PEC could be activated
w ith LPS for enhanced production of this cytokine, sug-
g� esting the participation of other cell types beside mac-
r� ophages.

O
�

f particular interest was the finding revealing no
further depression of TNF-α production after LPS treat-
ment in sham-operated rats in contrast to OJ rats. This
m� ay indicate that, despite hyporeactivity, the cells may
still react to bacterial products. This different type of
c� ell hyporeactivity, after surgery, unassociated with
septic conditions, may have important implications.
This suggests that patients in the postoperative period
may still develop adequate TNF-α response to potential
i

K
nfection or second surgery. In contrast, OJ patients

w ould be unable to mount such a response, which could
e� xplain their exceptional susceptibility to developing
p� ostsurgical complications.
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ŹNIAK Z. (2000): The impair-

mY ent of wound healing process is correlated with abnormalities
o[ f TNF-α8  production by peritoneal exudate cells in obstructive
j

\
aundiced rats. HPB Surg., 11, 311–318.

 7. ES
]

PEVIK T. and NI
^
SSEN-MA

S
YER J. (1986): A highly sensitive

cA ell line WEHI 164 clone 13 for measuring cytotoxic fac-
t
>
or/tumor necrosis factor from human monocytes. J. Immunol.

Methods, 95, 99–105.
 8. FA

S
HMI H. and CH

_
ABY R. (1993): Desensitization of macro-

p` hages to endotoxin effects is not correlated with a down-regu-
l
a
ation of lipopolysaccharide-binding sites. Cell. Immunol., 150,

219–229.
 9. FENTON M. J. and GO

P
LENBOCK D. T. (1998): LPS-binding pro-

t
>
eins and receptors. J. Leukocyte Biol., 6

b
4,�  25–32.

10. GÖ
c

NÜLI N. N., CA
S

NTÜRK N. Z., UT
d

KAN N. Z., YI
^
DIRIR C. and

DÜ
M

LGER M. (1998): Factors affecting surgical mortality and
morbidity in patients with obstructive jaundice. Mater Med.
P
�

ol., 3
e

0, 6–11.
11. GREVE J. W., GO

P
UMA D. J., SO

P
ETERS P. B. and BU

Q
URMAN W. A.

(
;
1990): Suppression of cellular immunity in obstructive jaun-

d
X
ice caused by endotoxins: a study with germ-free rats. Ga-

sV troenterology, 98,�  478–485.
12. HANSEN M. B., NIELSEN S. E. and BERG K. (1989): Reexamin-

a	 tion and further development of a precise rapid dye method for
measuring cell growth/kill. J. Immunol. Methods, 119, 203–210.

13. HO
P

UDIJK A. P., BO
P

ERMEESTER M. A., WESDROP R. J., HACK

C
f

. E. and VAN LEEUWEN P. A. (1996): Tumor necrosis factor
u: nresponsiveness after surgery in bile duct-ligated rats. Am.
J
<
. Physiol., 27, 980–986.

14. HO
P

UDIJK A. P., V
g

AN LAMBALGEN A. A., THIJS L. G. and Vg AN

L
h

E
T

EUWEN P. A. (1998): Gut endotoxin restriction improves
p` ostoperative hemodynamics in the bile duct-ligated rat. Shock,
9
i
, 282–283.

15. INj AN M., SAYEK I., TEL B. C. and SAHIN ERDEMLI I. (1997):

396 J. Dawiskiba et al.: LPS Effect in Jaundiced Rats



Role of endotoxin and nitric oxide in the pathogenesis of renal
failure in obstructive jaundice. Br. J. Surg., 8

k
4, 943–947.

16. JI
^
ANG W. G. and PU

Q
NTIS M. C. A. (1997): Immune dysfunction

in patients with obstructive jaundice, mediators and implica-
tions for treatments. HPB Surg., 10, 129–142.

17. ME
T

NTES B. B., TA
S

TLICIOGLU E., AK
l

YOL G., UL
R

UOGLU O., SU
Q

L-

TAN N., YILMAZ E., CELEBI M., TANERI F. and FERAHKOSE

Z. (1996): Intestinal endotoxins as co-factors of liver injury in
obstructive jaundice. HBP Surg., 9

i
, 61–69.

18. PL
R

USA S., WE
T

BSTER N. and PR
U

IMROSE J. (1996): Obstructive
j

\
aundice causes reduced expression of polymorphonuclear leu-

kocyte adhesion molecule and a depressed response to bacterial
wall products in vitro. Gut, 3

e
8,�  784–787.

19. SC
W

HINDLER R., MA
S

NCILLA J., EN
j

DRES S., GH
_

ORBANI R., CL
R

ARK

S. C. and DINARELLO C. A. (1990): Correlations in the produc-
tion of interleukin 6 (IL-6), IL-1, and tumor necrosis factor
(TNF) in human blood mononuclear cells: IL-6 suppresses IL-1
and TNF. Blood, 75, 40–47.

2
O
0. TA

S
KADA T., YA

S
SUDA H., YA

S
MAKAWA Y., AN

j
NDO H., BU

Q
LKLEY

G. B. and KAMANO T. (1996): Influence of endotoxemia on he-
patic energy metabolism in rats with obstructive jaundice. He-
patogastroenterology, 43, 914–918.

21. TS
]

AI L. Y., LE
T

E K. T. and LI
^
U T. Z. (1998): Evidence for accel-

e? rated generation of hydroxyl radicals in experimental obstruc-
t
>
ive jaundice of rats. Free Radic. Biol. Med., 24, 732–737.

22. VAN SN
j

ICK J., CAYPHAS S., VINK A., UYTTENHOVE C., CO
P

ULIE

P. G., RU
Q

BIRA M. R. and SIMPSON R. J. (1986): Purification
a	 nd NH2-terminal amino acid sequence of a T cell-derived lym-
p` hokine with growth factor activity for B cell hybridomas.
Proc. Natl. Acad. Sci. USA, 83, 9679–9683.

23. VO
P

LK H.-D., REINKE P., KRAUSCH D., ZU
Q

CKERMANN H., AS
]

A-

D
m

ULLAH K., MÜ
M

LLER J. M., DÖ
c

CKE W.-D. and KO
P

X W. J.
(
;
1996): Monocyte deactivation – rationale for a new thera-

p` eutic strategy in sepsis. Intensive Care Med., 22, 474–481.
24. ZIMECKI M., WIECZOREK Z., KAPP J. A. and PIERCE C. W.

(
;
1989): Structures on T cells and macrophages involved in in-

t
>
erleukin 1 (IL-1) secretion by macrophages upon contact with
sV yngeneic thymocytes. Arch. Immunol. Ther. Exp., 3

e
7,�  587–

5
@
92.

Received in February 2001
Accepted in April 2001

J
<
. Dawiskiba et al.: LPS Effect in Jaundiced Rats 397


