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  Soybean polyunsaturated phosphatidylcholine (PC) is thought to exert anti-inflammatory activities 
and has potent effects in attenuating acute renal failure and liver dysfunction. The aim of this study 
was to investigate the effects of PC in protecting multiple organ injury (MOI) from lipopolysaccharide 
(LPS). Six groups of rats (N=8) were used in this study. Three groups acted as controls and received 
only saline, hydrocortisone (HC, 6 mg/kg, i.v.) or PC (600 mg/kg, i.p.) without LPS (15 mg/kg, i.p.) 
injections. Other 3 groups, as the test groups, were administered saline, HC or PC in the presence 
of LPS. Six hours after the LPS injection, blood and organs (lung, liver and kidney) were collected 
from each group to measure inflammatory cytokines and perform histopathology and myeloperoxidase 
(MPO) assessment. Serum cytokines (TNF-α , IL-6 and IL-10) and MPO activities were significantly 
increased, and significant histopathological changes in the organs were observed by LPS challenge. 
These findings were significantly attenuated by PC or HC. The treatment with PC or HC resulted 
in a significant attenuation on the increase in serum levels of TNF-α and IL-6, pro-inflammatory 
cytokines, while neither PC nor HC significantly attenuated serum levels of IL-10, anti-inflammatory 
cytokine. In the organs, the enhanced infiltration of neutrophils and expression of ED2 positive 
macrophage were attenuated by PC or HC. Inductions of MPO activity were also significantly 
attenuated by PC or HC. From the findings, we suggest that PC may be a functional material for 
its use as an anti-inflammatory agent.

Key Words: Kidney, Liver, Lung, LPS, Phosphatidylcholine

INTRODUCTION

  Multiple organ injury (MOI) is defined as dysfunction or 
failure of multiple organs or system happening simulta-
neously or sequentially due to various etiological factors. 
The well-known etiology includes infection of gram pos-
itive/negative bacteria, fungal, and virus, shock, hemor-
rhage, allergy, burns, trauma and severe acute pancreatitis 
[1-4]. Although recently, remarkable advances have been 
made in understanding the cellular mechanisms underlying 
organ dysfunction and recovery relating to these conditions, 
the exact mechanism is not yet fully elucidated. Current 
understanding of the pathophysiology of MOI focuses on the 
multiple cell populations and cell-signaling pathways in-
volved in this complex condition characterized by general-

ized inflammation [5-8]. This overwhelming host response, 
systemic inflammation, is generally believed to be the cause 
of MOI. Treatment of patients with MOI is still largely 
supportive. The development of adequate treatment relies 
on elucidation of the mechanisms and mediators involved 
in its pathophysiology. 
  It is generally recognized that the systemic inflammatory 
and immune response triggered by pathogenic gram-neg-
ative bacteria largely depend on the release of lipopoly-
saccharide (LPS) from the bacterial cell wall [9,10]. LPS 
is able to induce the cellular release of NO, various proin-
flammatory cytokines and chemokines, as well as media-
ting macrophage migration and contributing to the patho-
genesis of sepsis by stimulating innate immune process 
[11]. A high dose of LPS causes more than one organ at 
a time to fail, which is similar to MOI, generally resulting 
from serious infections, low blood pressure and serious 
injuries. The features of MOI induced by LPS are circu-
latory failure, systemic hypotension, hypo-reactivity to vas-
oconstrictors, subsequent problems with organ perfusion 
and the development of functional abnormalities [12]. The 
endotoxin-induced failure of lung, liver, and kidney reflect 
systemic inflammatory response syndrome and septic shock 
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[13]. In addition to this overshooting proinflammatory re-
action, the immune response to infection also triggers the 
local as well as the systemic release of anti-inflammatory 
mediators such as IL-10.
  Soybean polyunsaturated phosphatidylcholine (PC) is a 
polyunsaturated fatty acid (PUFA) compound and a 94% 
to 96% mixture of phosphatidylcholines, about half of which 
is dilinoleoylphosphatidylcholine [14]. In general, phospha-
tidylcholine is an integral component of every cell in biology 
[15,16]. Extensive researches up to date suggest that phos-
phatidylcholine plays a pivotal role in many important 
areas including maintaining memory and nerve signaling, 
as a precursor to important neurotransmitters and attenu-
ating acute renal failure and liver dysfunction [17-19]. A 
number of recent studies have demonstrated an anti-in-
flammatory potential for PC and its metabolites in various 
conditions linked to leukocyte activation, including ische-
mia [20], oxidative stress [21] and endotoxin-induced in-
juries [22,23]. PUFA, one component of PC, also has been 
shown to modulate the inflammatory reactions [24,25]. 
Moreover, in clinical practice, PC, supplemented regularly 
as part of our normal diets, has also been proven safe and 
effective over decades of study as a therapeutic agent 
[17,26].
  Accordingly, our primary aim was to evaluate a precise 
characterization of PC in preventive effect for MOI using 
a standardized rodent model with LPS. In this model, we 
set out to ascertain the anti-inflammatory properties of PC 
by performing detailed functional and morphological analy-
ses relative to proinflammatory cytokines.

METHODS

Chemicals

  Hydrocortisone (HC, 50 mg/ml) was purchased from Il- 
dong pharmaceutical company (Seoul, Korea). Phosphati-
dylcholine (Phospholipon90G) was kindly supplied by 
Amipharm Co. (Seoul, Korea). Lipopolysaccharide from sal-
monella thyphosa and other essential chemicals were ob-
tained from Sigma- Aldrich chemical Co. (St. Louis, MO, 
USA).

Animals

  Male Sprague-Dawley rats (6 weeks old, 200~220 g body 
weight) were used in present study. These animals were 
supplied by Nara-biotechnology (Seoul, Korea). They were 
maintained at 22±2oC in a 12 h light dark cycle, and were 
given a normal laboratory diet (Purina, Korea) and fresh 
water ad libitum. All experimental procedures were carried 
out in accordance with the National Institutes of Health 
Guide for the Care and Use of Laboratory Animals and the 
protocol was approved by the Institutional Animal Care and 
Use Committee of Chung Ang University.

Drug treatment

  Six groups of 8 rats per group were randomly divided; 
Saline+Saline, Saline+PC, Saline+HC, LPS+Saline, LPS+ 
HC, and LPS+PC. Three groups acted as controls and re-
ceived saline, HC (6 mg/kg) or PC (600 mg/kg) with saline 
instead of LPS. For the test groups, saline, HC or PC was 
administered with LPS (15 mg/kg, i.p.). HC was injected 

through lateral tail-vein. PC was suspended in distilled wa-
ter (100 mg/ml), and administered intraperitoneally. 

Sample collection 

  Six hours after LPS injection, the rats were sacrificed and 
then collected the tissues and blood from posterior vena- 
cava. Serum was separated by centrifugation at 4,000 rpm 
for 15 min, and stored at －70oC until analyzed. Liver, lung 
and kidney samples were immediately removed and weigh-
ed after washing 0.9% saline. One part of the tissues from 
each group was stored at －70oC until analyzed and the 
other remaining tissues were fixed in 4% paraformaldehyde 
for histopathological examination.

Myeloperoxidase (MPO) assay

  MPO activity was evaluated using MPO colorimetric ac-
tivity assay kit (BioVision Research Products BioVision, 
Mountain View, CA, USA). Briefly, the frozen tissues were 
minced with scissors, homogenized in 0.1 M Tris-HCl buffer 
(pH 7.4) and centrifuged to remove insoluble materials. 
Supernatants were collected, mixed with MPO assay buffer 
and MPO substrate, incubated at room temperature for 1 
h, and then mixed with tetramethylbenzidine probe. The 
absorbance was read at 412 nm in an ELISA reader. MPO 
activity was normalized to milligrams of protein. Protein 
concentration was measured by Qubit® Protein Assay kit 
(Invitrogen, Carlsbad, CA, USA).

Cytokine assays

  Serum levels of TNF-α were determined using a rat 
TNF-α ELISA kit (eBiosource International, Burlington, 
Ontario, Canada). IL-6 and IL-10 in serum were quantified 
by ELISA with Quantikine® mouse immunoassay kits 
(R&D Systems, Minneapolis, MN, USA). The ELISA was 
performed following the manufacturer’s instruction, and 
the concentrations of cytokine were measured by optical 
densitometry at 450nm in SpectramaxPlus 384 microplate 
reader (Molecular Devices, Sunnyvale, CA, USA). 

Histological examination

  For histopathological analysis, paraformaldehyde fixed 
and paraffin embedded lungs, livers, and kidneys were sec-
tioned at 4μm. After sectioning, slides were stained with 
hematoxylin and eosin (H&E) using the standard staining 
method. Expressions of ED2 positive cell were detected 
with the avidin-biotinylated horseradish peroxidase com-
plex (DAKO LSAB, Los Angeles, CA, USA) according to the 
kit's instruction. Primary antibodies used were anti-ED2 
mouse monoclonal antibody (1：50, Serotec, Kidlington, 
Oxford, UK). Negative control immunostaning was per-
formed by omission of the primary antibody and by use of 
non-immune serum. For the microscopic analysis, each 
slide was examined by a blind pathologist at a magnifica-
tion of ×400 (Olympus BX51, 0.949 mm2).

Statistical analysis

  Data were expressed as mean±S.E.M. Statistical analysis 
was performed by one-way ANOVA with Tukey's multiple 
comparison post-tests (IBM SPSS statistics ver. 20, SPSS 
Inc., Chicago, USA). All statistical differences were consid-
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Fig. 1. Effects of phosphatidylchoine (PC) on serum level of TNF-α (A), IL6 (B) and IL10 (C) in lipopolysaccharide (LPS)-exposed rats. 
The levels of cytokines were significantly increased at 6 h after LPS injection. Pretreatment with PC (600 mg/kg, i.p.) showed protective 
effects on this LPS-induced increase in TNF-α and IL-6 levels. Treatment with hydrocortisone (HC, 6 mg/kg, i.v.) also attenuated the 
magnitude of the increase in both cytokines. Each value is the mean±SEM of 8 mice. **p＜0.01 vs. LPS+Saline, ##p＜0.01 vs. LPS+PC 
(one-way ANOVA followed by Turkey’s post-test).

mU/ml/mg 
protein Lung Liver Kidney

Saline＋Saline ND ND ND
Saline＋HC ND 0.90±0.08  2.05±0.07
Saline＋PC 2.28±0.19 0.52±0.06  1.78±0.11
LPS＋Saline 8.15±0.17 3.65±0.29 10.08±0.33
LPS＋HC 6.67±0.28* 1.69±0.24*  7.99±0.56*
LPS＋PC 6.48±0.60* 1.29±0.11*,**  8.13±0.40*

Each value is mean±SEM of 8 mice. ND, not detected, *p＜
0.01 vs. LPS+Saline, **p＜0.05 vs. LPS+HC (one-way ANOVA 
followed by Turkey’s post-test).

Table 1. Effect of PC on LPS-induced changes in MPO activity

ered to be significant with p＜0.05. 

RESULTS 

PC attenuates LPS-induced increase in pro-inflam-
matory cytokines, TNF-α and IL-6, but not in anti- 
inflammatory cytokine, IL-10

  The levels of serum cytokines were measured and results 
are shown in Fig. 1. One-way ANOVA showed significant 
differences among groups in TNF-α [F(5, 42)=108.569, p＜ 
0.001], IL-6 [F(5, 42)=200.764, p＜0.001] and IL-10 [F(5, 42) 
=223.731, p＜0.001]. The serum level of cytokines was not 
changed by HC or PC treatment without LPS. However, 
the level of TNF-α, IL-6 and IL-10 were significantly in-
creased (p＜0.01) at 6h after LPS injection in comparison 
to Saline+Saline group. Treatment with PC resulted in pro-
tective effects on these LPS-induced increases in TNF-α 
and IL-6 levels. Treatment with HC also resulted in sig-
nificant attenuations against LPS-induced increases in 
both cytokines. Although the levels of both cytokines in 
LPS+HC group were lower than those of LPS+PC group, 
a significant difference (p＜0.01) between LPS+HC group 
and LPS+PC group was shown only in IL-6 level. On the 
other hand, the LPS-induced increase in serum level of 
IL-10 was changed by neither HC nor PC. 

PC attenuates LPS-induced increase in MPO activity 
of liver, lung and kidney

  To clarify the effect of PC on LPS-induced MOI, we de-
termined MPO activity in liver, lung and kidney. The in-
creased activity of MPO is an evident marker of inflam-
mation. The MPO activities of tissues are shown in Table 
1. One-way ANOVA showed significant differences among 
groups in MPO activity of liver [F(5, 42)=59.507, p＜0.001], 
lung [F(5, 42)=534.129, p＜0.001] and kidney [F(5, 42)= 367.902, 
p＜0.001]. MPO activity was not detected at the tissues of 
organs in Saline+Saline group, although low levels of MPO 
activities were induced by HC and PC. Post hoc compar-
isons using the Tukey’s test indicated that LPS produces 
a significant increase (p＜0.01) in MPO activity of the 
organs. These changes were significantly (p＜0.01) attenu-
ated by either PC or HC.

PC attenuates LPS-induced morphological changes 
and PMN infiltration in the organs such as lung and 
liver

  During inflammation, polymorphonuclear leukocytes (PMN) 
infiltration into tissues plays an important role immune re-
sponse and is a major cause of tissue damage. To determine 
whether treatment with PC can attenuate PMN induction 
and morphological change, the sectioned tissues were 
stained with H&E. An apparent increase in PMN infiltra-
tion was observed in lung and liver after LPS challenge 
(Fig. 2D and 3D). Thickening of alveolar septa was observed 
in lung tissue after LPS administration. These morpho-
logical changes were ameliorated by either HC (Fig. 2E) 
or PC (Fig. 2F). However, no significant effects of PC were 
observed in kidney tissue (Fig. 4) as compared to effects 
on lung and liver.

PC attenuates LPS-induced ED2-positive cell expres-
sion in the organs such as lung, liver and kidney

  Next, we performed immunohistochemistry with mouse 
monoclonal antibody against ED2 macrophage to examine 
enhanced phagocytosis after LPS exposure (Fig. 5∼7). ED2 
positive macrophage expression in damaged tissue reflects 
the production of inflammatory mediator such as TNF-α, 
and IL-6 [27]. PC treatment led to the attenuation of the 



212 YY Jung, et al

Fig. 2. Effects of PC on LPS-induced 
morphological changes and PMN 
infiltrations in lung. Representative 
micrographs are illustrated. An in-
crease in PMN infiltration and thic-
kening of alveolar septa were ob-
served in lung tissue after LPS ad-
ministration. These morphological 
changes were ameliorated by either 
HC or PC. (A) Saline+Saline (B) 
Saline+HC, (C) Saline+PC, (D) LPS+ 
Saline, (E) LPS+HC and (F) LPS+ 
PC (Hematoxylin and eosin stain-
ing; magnification, 400×).

Fig. 3. Effects of PC on LPS-induced 
morphological changes and PMN 
infiltrations in liver. Representative 
micrographs are illustrated. An in-
crease in PMN infiltration was ob-
served in liver tissue after LPS 
administration. Treatment with ei-
ther HC or PC ameliorated the 
increase in PMN infiltrations. (A) 
Saline+Saline (B) Saline+HC, (C) 
Saline+PC, (D) LPS+Saline, (E) LPS 
+HC and (F) LPS+PC (Hematoxylin 
and eosin staining; magnification, 
400×).

level of ED2 positive macrophages, reaching a high peak 
level in LPS-challenge. The protective effects of PC were 
shown in all organs, not only lung and liver but also kidney. 
These results suggest that PC is potentially effective in the 
accumulation of inflammatory cells into the damaged tissue 
with LPS. 

DISCUSSION

  In this study, we investigated the anti-inflammatory ac-
tivity of PC in LPS-induced MOI in rats. The extent of in-
flammatory responses was monitored by measuring the 

production levels of pro-inflammatory or anti-inflammatory 
cytokines (TNF-α, IL-6, and IL-10) in serum. Effects of PC 
on the distribution of ED2 positive macrophages and in-
filtration of PMN were also evaluated. Assay for MPO, the 
most abundant protein in neutrophils, was performed in the 
focus of inflammatory pathologies. PC significantly in-
hibited LPS-induced inflammatory responses found in MOI. 
Results from ELISA analysis showed that the serum levels 
of pro-inflammatory cytokines such as TNF-α, and IL-6, 
were attenuated by PC, while level of anti-inflammatory 
cytokine IL-10 in LPS-exposed rats was not changed by PC. 
Although no significant effects was observed in H&E 
stained kidney tissue, treatment with PC resulted in sig-
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Fig. 4. Effects of PC on LPS-induced 
morphological changes and PMN 
infiltrations in kidney. Represen-
tative micrographs are illustrated. 
There are no significant effects of PC 
or HC on kidney tissue as compared 
to effects on lung and liver (A) 
Saline+Saline (B) Saline+HC, (C) 
Saline+PC, (D) LPS+Saline, (E) LPS 
+HC and (F) LPS+PC (Hematoxylin 
and eosin staining; magnification, 
400×).

Fig. 5. Effects of PC on LPS-induced 
ED2-positive cell expression in lung. 
Immunohistochemistry was perfor-
med after LPS exposure. Treatment 
with the PC led to the attenuation 
of the level of ED2 positive macro-
phages. Representative micrographs 
are illustrated. (A) Saline+Saline (B) 
Saline+HC, (C) Saline+PC, (D) LPS 
+Saline, (E) LPS+HC and (F) LPS 
+PC (Magnification, 400×).

nificant reductions of the distribution of ED2 positive mac-
rophages and PMN population in lung and liver. MPO was 
also significantly decreased by PC as compared to LPS-in-
duced control. 
  A number of inflammatory mediators are released by 
cells in response to localized injury or trauma. These media-
tors elicit or enhance particular functions of the inflam-
matory response and may be monitored to assess an in-
flammatory response. In MOI, a systemic injury, inflam-
mation is also a common problem. Further, in clinical as-
pect, it is a cause of death with extremely high mortality 
rates in patients undergoing major surgery [28]. Although 
glucocorticosteroids remain the most effective therapy for 

inflammatory disorders, the side effects limit their clinical 
usefulness [29]. High-dose of corticosteroids to treat sepsis 
has been one of controversial clinical issues [30], and ad-
ministration of high-dose corticosteroids does not benefit to 
treat patients with early and severe sepsis [31,32]. 
  Although low-dose of HC, as a replacement therapy, has 
shown anti-inflammatory effects in sepsis [33-35], more 
successful treatment of controlling the inflammatory state 
should be needed. Previous studies have shown that PC has 
anti-inflammatory properties in animal disease models. 
One study identified a protective role for PC in which the 
therapeutic potential may be linked to the reduction of neu-
trophil leukocyte-mediated microcirculatory inflammatory 
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Fig. 7. Effects of PC on LPS-induced 
ED2-positive cell expression in kid-
ney. Treatment with the PC led to 
the attenuation of the level of ED2 
positive macrophages. Representa-
tive micrographs are illustrated. (A) 
Saline+Saline (B) Saline+HC, (C) 
Saline+PC, (D) LPS+Saline, (E) LPS 
+HC and (F) LPS+PC (Magnifica-
tion, 400×).

Fig. 6. Effects of PC on LPS-induced 
ED2-positive cell expression in liver. 
Immunohistochemistry was perfor-
med after LPS exposure. Treatment 
with the PC led to the attenuation 
of the level of ED2 positive macro-
phages. Representative micrographs 
are illustrated. (A) Saline+Saline (B) 
Saline+HC, (C) Saline+PC, (D) LPS 
+Saline, (E) LPS+HC and (F) LPS+ 
PC (Magnification, 400×).

reactions [36]. Another investigation reported that PC acts 
as precursors allowing the specific effector(s) to achieve and 
maintain an optimal concentration at the site of action, in 
part, in the modulatory effects observed [37], suggesting di-
etary PC supplementation may be an advantageous ther-
apeutic strategy in chronic inflammatory diseases, or as a 
prophylactic regime via which to decrease the risk of in-
flammatory complications and side effects.
  In the inflammatory state, LPS stimulates the production 
of various endogenous inflammatory mediators and pro-
foundly modulates immune responses and organ functions. 
Specially, pro-inflammatory cytokines, such as TNF-α or 
IL-6, and anti-inflammatory cytokines, IL-10, are produced 

in response to LPS [38]. In this study, PC inhibited the 
up-regulation of series of pro-inflammatory cytokines such 
as TNF-α and IL-6. TNF-α is released by monocytes and 
macrophages in response to various stimuli and acts as a 
principal mediator of the deleterious effects of LPS [39]. 
When TNF-α production increases to such an extent over 
the local infection and when it circulates in bloodstream, 
blood pressure drops, resulting in shock. Major organs in-
cluding the kidneys, liver, lungs, and brain, stop working 
properly because of poor blood flow [40]. IL-6 has been im-
plicated as mediators of LPS toxicity in vivo and in vitro 
[41-43]. The biological properties of IL-6 are unusually sim-
ilar to those of TNF-α, and the synergistic effects are evi-
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dent in several models [44,45]. One investigation [46] 
showed the interaction between TNF-α and IL-6. The 
LPS-induced IL-6 secretion was reduced in the anti- 
TNF-pretreated group. Parallel to the in vivo experiments, 
the IL-6 secretion was diminished for 25% in presence of 
anti-TNF antibody treatment. In this experiment, we 
showed that the effects of LPS challenge on the pro-in-
flammatory cytokine production were significantly attenu-
ated by the treatment with PC, supporting its anti-in-
flammatory effect.
  PMN and macrophages are thought to contribute sig-
nificantly to the pathophysiologic features of organ injury 
[47]. PMNs dominate the early stages of inflammation and 
set the stage for repair of tissue damage by macrophages. 
Acute inflammation is characterized by increased MPO ac-
tivity increased expression and activity of cytokines, and 
increased oxidant stress [48]. The present study is in agree-
ment with previous studies showing that LPS-induced or-
gan injury accompanies changes in tissue neutrophil accu-
mulation and neutrophil infiltration, which is relevant to 
an increase in MPO assay. As clearly shown in the PC- 
treated group, the attenuation of PMN infiltration into 
damaged tissue with reduction of MPO activity ensues. 
Macrophages also play a pivotal role in the initiation, main-
tenance, and resolution of inflammation. An autocrine loop 
in macrophages is the most probable mechanism for the 
regulation of an LPS-induced multiple organ injury [49]. 
They are activated and deactivated in the inflammatory 
process. Inhibition of inflammation by removal of mediators 
from inflammatory macrophages leads to repairing dam-
aged tissues [47]. Activated macrophages are deactivated 
by anti-inflammatory cytokines (IL-10 and transforming 
growth factor β) mainly produced by macrophages. IL-10 
is a potent regulator of the inflammatory responses [50]. 
Several cell types produce IL-10 and its receptor chains and 
these may regulate different inflammatory responses. In 
this study, we showed that the treatment with PC failed 
to significantly alter the increase in serum levels of IL-10 
in LPS-challenged rats. However, the migrating macro-
phages, ED2 positive cell, into the tissue damage were atte-
nuated by PC treatment. The fail of IL-10 change by PC 
may be correlated with the reduction of ED2-positive cells 
in the damaged tissue by the inhibition of migration of 
macrophages. 
  In summary, this study shows that the treatment with 
PC resulted in significant attenuations on serum levels of 
TNF-α and IL-6 in LPS-exposed rats. The cytokines is re-
sponsible for blood pressure drops, resulting in shock and 
MOI. MPO activity, PMNs and ED2 positive macrophages 
to contribute significantly to the inflammatory features of 
organ injury were also attenuated by PC in LPS-induced 
MOI. These findings give a clue that PC exerts anti-in-
flammatory activities in the immune challenged animals, 
implicating that PC may be therapeutically or prophylacti-
cally useful for the treatment of inflammatory diseases 
such as MOI. 
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