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Abstract. Objective and design: The aim of this study was to
evaluate effects of bovine lactoferrin (BLF) on histopatho-
logical changes in the liver of 14 day obstructive jaundiced
(OJ) rats and production of tumor necrosis factor (TNF-a)
and interleukin 6 (IL-6) by splenocytes from 7- and 14-day
OJ rats.

Material and subjects: In the study 50 male rats of the Buf-
falo strain (170-270 g, mean 230 g) were used.

Treatment: Rats were given 10 mg BLF in 0.5 ml saline dai-
ly, using a stomach tube. BLF was applied 2 days before
operation and for 13 days following operation.

Methods: The specimens of liver were prepared using stan-
dard techniques. Sections, 5 pm thick were stained with
hematoxylin and eosin and reviewed histologically. Micro-
scopic estimation using semiquantitive 4-grade scale was
used for evaluation of liver changes. For cytokine measure-
ment splenocyte cultures were stimulated with 5 pg/ml
lipopolysaccharide (LPS). After overnight incubation the
activities of TNFa and IL-6 were determined using bioas-
says. For statistical evaluation of data the nonparametric
Mann-Whitney test was applied.

Results: In rats with 14-day OJ, treated with BLE, the patho-
logical changes in the liver were markedly reduced, in partic-
ular foci of necrosis with disseminated lymphocytes, cellular
necrobiosis, bile duct proliferation and dilation. Neither pro-
liferation of fibrous and reticular connective tissue nor acti-
vation of Kupffer cells was revealed. In the 7-day OIJ rats
treatment with BLF caused significant inhibition of both
spontaneous (mean 253, median 275, vs mean 160, median
148 pg/ml, p=0.002) and LPS-induced TNF-a production
(mean 4967, median 4102, vs mean 2291, median 2234 pg/
ml, p=0.004) in the splenocyte cultures. The spontaneous
(mean 120, median 81, vs mean 43, median 26 pg/ml, p =
0.005) as well as LPS-induced IL-6 production (mean 422,
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median 378, vs mean 293, median 230 pg/ml, p =0.025)
were also lowered. On the other hand, in 14-day OJ, BLF
upregulated cytokine production, in particular spontaneous
(mean 148, median 158, vs mean 338, median 196, p =
0.001) and LPS-induced TNF-a (mean 1331, median 1507,
vs mean 2239, median 1707 pg/ml, p = 0.027).

Conclusion: We conclude that oral administration of BLF is
beneficial in alleviating deleterious effects of OJ.

Key words: Obstructive jaundice (OJ) — Rats — Bovine lacto-
ferrin (BLF) — TNF-a — IL-6 — Liver

Introduction

Clinical observations confirm increased risk of postsurgical
complications in patients with obstructive jaundice (OJ) [1,
2]. OJ in humans and experimental animals is associated with
characteristic functional [3—5], histopathological [6], and
biochemical changes [7—9], predominantly found in the liv-
er and spleen. In addition, the immune status of patients [1,
2] and experimental animals [10] is impaired. It has been
shown that the pathological changes in OJ are initiated by
translocating of bacteria from the gastrointestinal tract to
mesenteric lymph nodes [11] and stimulation of reticuloen-
dothelial system cells by endotoxins [12, 13]. Therapeutical
approaches in OJ were mainly focused on administration of
bile salts, taking advantage of their property to bind endo-
toxin [14]. Other compounds, such as allopurinol and lactu-
lose [15, 16] were also used. Such strategies, applied preop-
eratively, prevented deterioration of renal function and post-
operative renal failure or systemic endotoxemia [14, 15].
We have recently turned attention to lactoferrin as a
potential therapeutic agent in OJ. Lactoferrin is a 80 kDa pro-
tein found in secretory fluids of mammals [17] and sec-
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ondary granules of neutrophils [18]. This protein exhibits a
broad range of immunoregulatory [19] and protective activi-
ties [20].

In particular, lactoferrin and lactoferrin-derived peptides,
are bacteriocidal [21] or bacteriostatic [22] and are thought to
be responsible for maintenance of a proper gut microflora
[23]. Furthermore, lactoferrin protects gut integrity upon
infection [24] or in experimental endotoxemia [25] probably
by inhibition of inducible nitric oxide [26] which is destruc-
tive for gut epithelium [27]. The premise on which a poten-
tial lactoferrin application in OJ is based, would be presence
of that protein in the bile duct, and gut [28] and its ability to
bind LPS [29].

For our studies we have chosen a 7- and 14-day OJ exper-
imental model in rats. We have previously shown that the
cytokine production in early (7-day) and fully developed (14-
day) OJ is different (stimulation and inhibition of TNF-a and
IL-6, respectively) [3, 4]. The inhibition of cytokine produc-
tion (both spontaneous and LPS-induced) in the late OJ was
also correlated with impairment of phagocytic RES function
[4]. In this report we decided to evaluate effectiveness of oral
treatment of OJ rats with bovine lactoferrin by determination
of cytokine production in splenocyte cultures in 7- and 14-
day OJ and microscopic examination of pathological changes
in the liver in 14-day OJ.

Materials and methods
Animals

Male rats of the Buffalo strain (170—270 g, mean 230 g) were used. The
rats were maintained in stable conditions, fed standard commercial diet
with free access to food and water. All experiments were conducted
under approved guidelines of the animal ethics committee at the
Wroctaw Medical School, Wroctaw.

Surgical procedures

Procedures were performed under general anaesthesia after intra-
muscular administration of Bioketan® (Biowet-Poland), dose 60 mg/kg
b.w. in clean, but not sterile conditions. The abdominal cavity was
opened with a midline incision after disinfecting the skin. The common
bile duct (CBD) was located and obstructive jaundice induced by a dou-
ble ligation with 5/0 silk and transsection of the CBD in the supraduo-
dental part between the lowermost tributary of the bile duct and the
uppermost tributary of the pancreatic duct. The control group rats
underwent opening of the abdominal cavity and dissection of the CBD
without ligation.

At the end of the experiment, after opening of the abdominal cavi-
ty, in all rats blood for bilirubin measurement was taken by direct car-
diac puncture.

In rats with obstructive jaundice the bilirubin level was high, the liv-
er was markedly enlarged with characteristic discolouration and the
CBD was significantly dilated. In both groups of rats specimens of liv-
er were collected for pathological examination.

Treatment of rats with lactoferrin

Rats were given 10 mg of low endotoxin BLF in 0.5 ml saline (4.4 E.U./
mg, <25% iron saturated, Sigma, MO USA) using a stomach tube. BLF
was applied daily 2 days before operation and for 13 days following pro-
cedure.
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Histological procedures

The specimens of liver were preserved in 5% buffered formal-
dehyde, then embedded in paraffin using standard techniques. Section,
5 pm thick, were cut, stained with hematoxylin and eosin (H&E) and
subsequently reviewed histologically; the pathologist viewing and
interpreting the slides was blinded to type of experiment and treatment.
Microscopic estimation using semiquantitative 4-grade scale (normal,
light, moderate and significant) was used to evaluate various signs of
extrahepatic cholestasis in the liver tissue, such as focal liver necrosis
with lymphocytic infiltration, hepatocytes necrobiosis, proliferation
and dilation of small bile ducts, hepatocytes regeneration, hyperplasia
of connective fibrous and reticular tissue and activation of Kupffer
cells.

Preparation of spleen cell cultures and induction of
cytokines in cell cultures

In brief, spleens were removed, a single cell suspension prepared by
pressing the organs through a plastic screen, washed 2x with Hanks’
solution and resuspended in the culture medium at concentration
107/ml. PEC (10%ml) and splenocytes (107/ml) were incubated
overnight in 24-well plates without or with 5 pg LPS/ml from E. coli
strain No 011:B4 lot 5711148 (Sigma). Supernatants were harvested
and kept frozen until cytokine determination.

Determination of IL-6 activity

The assay was performed according to Van Snick et al. [30]. Briefly,
7TDI1 indicator cells were washed 3 times with Hanks’ medium
and resuspended in Iscove’s medium supplemented with 10%
FCS, HEPES buffer, glutamine and antibiotics in density of 2 x 10*
cells/ml. Then, the cells were distributed in 100 pl aliquots into 96-well
flat-bottom plates containing 100 pl of serially diluted plasma or super-
natant in triplicate. After 72 h of culture the proliferation of 7TD1 cells
was determined using MTT colorimetric method [31]. The results of
IL-6 activity are presented in picograms per ml -such concentration of
IL-6 corresponds to the activity of IL-6 expressed in units/ml [30]. One
unit of IL-6 activity was calculated as the inverse dilution of a plasma
sample where a half-maximal proliferation of 7TD1 cells was regis-
tered. The sensitivity limit in this assay is 0.5 pg IL-6 when tested a
recombinant IL-6. 7TD1 line responds by proliferation only to IL-6
[30].

Determination of TNF-a activity [32]

For determination of TNF-a activity a highly specific indicator
clone 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 antibiotics at a concentration of 2 x
10°/ml. The cells were then distributed into 96-well, flat-bottom plates
(2 x 10%well). Serially diluted samples were prepared on separate
plates and transferred to microtitter plates containing WEHI 164.13
cells. The medium contained in addition 1 pg/ml actinomycin D to
increase sensitivity of the assay. After an overnight incubation the sur-
vival of cells was determined using MTT colorimetric assay [31]. The
results of TNF-a activity are presented in pg/ml where 10 picograms of
TNF-a correspond to 1 unit of activity when tested a recombinant
human TNF-a. The sensitivity limit of this assay is 2.5 pg TNF-a.

Statistics
The nonparametric Mann-Whitney’s test was applied and the results

were given as mean value and median. The differences were regarded as
significant when p < 0.05.
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Results

Protective effects of BLF in preventing pathologic changes
in liver of rats with OJ

In rats with 7 day OJ, the changes in liver were estimated as
only functional and no pathological morphology could be
observed.

In order to present semiqantitative evaluation of the pro-
tective role of BLF in preventing pathologic liver changes in
rats with 14 day OJ, a four degree scale was used (Table 1).
Changes seen in particular liver tissue samples were marked
as: none (-), light — 1t degree (+), moderate — 2™ (++) and
significant — 3" degree (+++).

In animals with 14 day OJ, foci of necrosis of different
degree with lymphocytic infiltration, hepatocyte necrocyto-
sis, dilation and proliferation of small bile ducts, lymphocyt-
ic infiltrates in periportal areas, fibrosis with proliferation of
fibrous and reticular connective tissue and activation of
Kupffer cells, were seen.

In rats with 14 day OJ, which received BLF, the following
pathologic changes were observed. A limited number of ani-
mals (two) exhibited foci of low degree (+) necrosis with dis-
seminated lymphocytes, while hepatocyte necrobiosis was
found sporadically. In seven rats, bile duct proliferation and
dilation of a low degree (+) with no lymphocytic infiltrates was
seen. Neither proliferation of fibrous and reticular connective

Table 1. Type and intensity of changes in the liver of rats with 2-week OJ.
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tissue nor activation of Kupffer cells was noticed. A moderate
degree proliferation (+) of a limited number of hepatocytes,
indicating liver regeneration in three rats, was found.

Effect of oral BLF treatment on cytokine production by
splenocyte cultures in 7-day and 14-day OJ rats

We have previously demonstrated [3] that cytokine produc-
tion by lymphoid cells, derived from OJ rats on day 7 and 14,
significantly differed, i.e. in early OJ cytokine production
was elevated and in late OJ was lowered compared with
sham-operated controls. Tables 2 and 3 show how the treat-
ment of rats with BLF affected TNF-a and IL-6 production,
both spontaneous and LPS-induced. In the case of TNF-a the
inhibition, by BLE, of inducible cytokine production was
more profound comparing with IL-6.

On the other hand (Table 3) the effects of BLF on
cytokine production in 14-day OJ were stimulatory. BLF sig-
nificantly elevated both spontaneous and LPS-induced TNF-
a production. In the case of IL-6 the enhancement of LPS-
inducible cytokine production was small, but elevation of the
spontaneous one, was significant.

We have also studied the effects of BLF treatment on
serum cytokine levels. However, on day 7 no effects were
observed and on day 14 a small, but significant decrease of
TNF-a level was noted (data not shown).

Experimental groups

Type of A B C D E F

changes

in the liver Control BLF Control  BLF Control BLF Control BLF Control BLF Control BLF
Mean value 2.29 0.17 1.29 0.25 2.29 0.58 - 0.25 1.00 - 0.43 -
Median 9.73 0.39 0.61 0.45 0.73 0.51 - 0.45 0.00 - 0.51 -
Statistics p <0.001 p <0.001 p <0.001 NS p <0.001 p=0.011

No changes (0) 0 10 0 9 0 5 14 9 0 12 8 12
Light (1) 2 2 11 3 2 7 0 3 14 0 6 0
Moderate (2) 6 0 0 6 0 0 0 0 0 0 0
Significant (3) 6 0 1 0 6 0 0 0 0 0 0 0
Total 32 2 18 3 32 7 0 3 14 0 6 0

Control group n = 14. BLF treated n=12.
Legend:

A) foci of necrosis with disseminated lymphocytes. B) necrocytosis of single hepatocytes. C) proliferation of the bile ducts with their dilation.
D) proliferation of single hepatocytes. E) proliferation of fibrous and reticular connective tissue. F) activation of Kupffer cells.

Table 2. TNF-a and IL-6 production by splenocytes of 7-day OJ rats.

TNF-a (pg/ml)

IL-6 (pg/ml)

Control BLF-treated Control BLF-treated

-1 LPS? -3 LPS* =3 LPS® -7 LPS®
Mean value 253 4967 160 2291 120 422 43 293
Median 275 4102 148 2234 81 378 26 230

Statistical differences 1:3 p =0.002, 2:4 p=0.004, 5:7 p=0.005, 6:8 p =0.025. Number of rats: control group — 15; BLF group — 9.
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Table 3. Production of TNF-a and IL-6 by splenocytes from 14-day OJ rats.
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TNF-a (pg/ml)

IL-6 (pg/ml)

Control BLF-treated Control BLF-treated

=1 LPS? -3 LPS* -5 LPS® -7 LPS3
Mean value 148 1331 338 2239 85 500 153 594
Median 158 1507 196 1707 101 553 172 584

Statistical differences 1:3 p=0.001; 2:4 p=0.027,5:7 p=0.001; 6:8

Discussion

In this report we demonstrated that OJ rats, treated orally
with bovine lactoferrin, showed significantly reduced
histopathological changes in the liver on day 14 following
bile duct ligation. In addition, treatment with BLF seems to
be regulatory on production of cytokines by 7 and 14 day
splenocyte cultures. Recently, we showed that production of
TNF-a and IL-6 by splenocyte cultures was elevated in early
(7 day) OJ as compared with sham-operated controls, but sig-
nificantly suppressed in 14-day OJ [3, 4]. Those changes
could be associated with activation of the immune system by
translocating bacteria and endotoxin [11, 33]. The subse-
quent decrease in the immunological activity was consistant
with other reports and could have different causes such as:
decrease of the liver and spleen reticuloendothelial system
activities [34, 35], possibly related to the injurious effect of
the bile acids or toxic activity of conjugated bilirubin [15, 36,
37], direct action of endotoxin or their effects by the activa-
tion of coagulation factors [37, 38]. The lack of bile in the gut
lumen, as a characteristic of OJ, is thought to be responsible
not only for an increase in translocation of endotoxin but also
for a reduction in liver reticuloendothelial system function
leading to a diminished clearance of endotoxin by Kupftfer
cells [39, 40]. Although in our study we did not measure
endotoxin concentration, we are strongly in favour of the
hypothesis by Scott-Connor [41], who proposed that the
immune dysfunction in OJ rats is a consequence of systemic
endotoxemia and inappropriate elimination of enteric-
derived antigens or to an increased production of cytokines.

In this study we demonstrated regulatory effects of BLF
on splenocyte-derived TNF-a and IL-6. The production of
spontaneous and LPS-induced TNF«a that was initially high
in 7-day culture was inhibited, and lower concentrations
detected initially in 14-day cultures were elevated. As a
result, the mean LPS-induced TNF-a production following
BLF treatment was similar on respective days of cytokine
determination (Table 2 and 3, i.e. 2.291 versus 2239 pg/ml.
The spontaneous TNF-a production was also regulated. IL-6
production was markedly regulated on day 7 and to a much
lesser degree on day 14 suggesting a need for sustained pro-
duction of this cytokine in the late OJ. It is possible,
that anti-inflammatory and protective activities of IL-6 are
required to induce the acute phase proteins [42].

The regulatory effect of BLF on splenocyte-derived
cytokines is relevant to significant decrease of the histo-
pathological changes in the liver such as: foci of necrosis

NS. Number of rats: control group n = 12; BLF group n = 14.
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with lymphocyte infiltration, necrocytosis of hepatocytes,
dilation and proliferation of small bile ducts, lymphocytic
infiltrates in periportal areas, fibrosis with proliferation of
fibrous and reticular connective tissue and activation of
Kupffer cells. The reduction in the OJ-induced liver injury in
rats treated with lactoferrin indicate that the protection of
Kupffer cells may play an important role in active removal of
endotoxin in OJ individuals. Also, we postulate that the dam-
aging effects of OJ and the protective effects of lactoferrin
may depend upon mediation of relative amounts of both
proinflammatory TNF-a and antiinflammatory IL-6. There-
fore, inhibition of deleterious effects of TNF-a by BLEF, as
demonstrated in the present study, would be relevant in the
diminution of the histopathological changes in the liver of OJ
rats [43].

Since lactoferrin is constitutively secreted into lumen of
gastrointestinal tract it would be expected that when given
orally would also protect against OJ-induced endotoxemia.
In fact, Saito & Nakanuma [28] reported that in hepatolithi-
asis there was a significant increase in expression of lacto-
ferrin and lysozyme in specific areas of intramural and extra-
mural glands, suggesting that in the peribiliary glands in the
stone-containing bile ducts produce significant amount of
lactoferrin and lysozyme. The authors concluded that it could
represent a local defense mechanism against bacterial infec-
tions. The role of lactoferrin in activating lysozyme-mediat-
ed bacteria lysis is well documented [44] and the protein is
bacteriocidal itself [21]. In another report [45] BLF was
shown to diminish endotoxin activity in plasma and bacteri-
al contamination of the peritoneal cavity and mesenteric
lymph nodes in rats given E. coli and antibiotic for increased
LPS release. Lactoferrin also preserved gut mucosal integri-
ty in experimental endotoxemia [25] and upon infection with
Trichinella spiralis [24]. It is plausible that in some experi-
mental models the protective property of lactoferrin may
result from its ability to inactivate LPS [29]. That, in turn,
may prevent induction of nitric oxide, a known, destructive
agent for the gut epithelium [27]. BLF was also shown to pro-
tect against development of hepatitis elicited by sensitization
of Kupffer cells by LPS in zymosan-primed mice [46]. Pro-
tective activity of BLF may be also associated with regula-
tion of cytokine production by endotoxemic mice [47, 48]. It
seems, therefore, that the mechanism of the protective action
of BLF in prevention of harmful consequences of experi-
mental OJ may be complex and based on its well-document-
ed anti-inflammatory properties. In conclusion, we demon-
strated that oral administration of BLF may significantly
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reduce OJ-induced injury to the liver and normalize inflam-
matory responses of jaundiced rats. These findings suggest
that a preoperative treatment of jaundiced patients with lacto-
ferrin would be beneficial in preventing postoperative com-
plications. Such a notion is also consistent with the current
views on prevention of postoperative complications [49].
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