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barrier in rat HS/R model

Yang Li', Xinying Wang', Ning Li and Jieshou Li"

Abstract

hours.

Background: N-3 PUFAs have been demonstrated in vitro it could prevent the intestinal tight junctions (TJs) from
the ischemia/re-perfusion injury and the inflammatory reaction injury. The purpose of this study was to evaluate the
protection of n-3 PUFAs on the intestinal TJs in the rat model of hemorrhagic shock followed by resuscitation.

Methods: Male SD rats (n =72; 250 ~ 300 g) were randomly divided into 6 groups: SHAM, hemorrhagic shock (HS),
hemorrhagic shock/resuscitation (HS/R), w-6 group, w-3 group and w-3 treatment group. Shock was induced, and

a mean arterial pressure was maintained at 35 to 40 mmHg for 60 minutes. Resuscitation was carried out by
returning half of the shed blood and Ringer's lactate solution. In w-6 and w-3 group, Intralipid or fish oil (0.2 g/Kg),
respectively, was infused 30 minutes after shock. And fish oil was infused with resuscitation in w-3 treatment group.
Half of each group was killed at 30 minutes and 4 hours after resuscitation, respectively. The serum samples and
the intestinal sample was collected for further examination.

Result: There is no difference between w-3, w-3 treatment and sham group in Chiu’s score, but the other three
groups have higher scores than they did. Compared with HS, HSR and w-6 group, w-3 and w-3 treatment group
showed most intact in intestinal mucoscal villi and TJs through HE, SEM and LSCM. The levels of IL.-6 and TNF-a of
bowel tissue in w-3 and w-3 treatment group were significantly lower than HS and HSR groups’. At the time point
of 30 min, the levels of serum endotoxin were dramatically higher in HS, HSR and w-6 groups when compared
with w-3, w-3 treatment and sham group. However, it in w-3 group was greater than sham and HS group until 4

Conclusion: Fish oil pretreatment before resuscitation showed a beneficial effect to the intestinal TJs and
atteunated inflammation after H/R in HS/R rat model and is better than w-6 PUFAs did.
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Introduction

Hemorrhagic shock, an independent risk factor for
multiple-organ dysfunction syndrome (MODS) [1], is the
leading cause of death in traumatic patients. It followed by
resuscitation is considered as an insult frequently induces
a systemic inflammatory response syndrome (SIRS) that
results in MODS, which is a major clinical problem. The
concept has developed that the intestinal injury/resuscita-
tion (I/R) injury associated with hemorrhagic shock (HS)
followed by fluid resuscitation is responsible for the failure
of the intestinal barrier, bacterial translocation, systemic
sepsis, and even MODS [2]. Meanwhile, tight junctions
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(Tjs), serve as a fence between two cells, play a major role
in this mechanism. Hypoperfusion or ischemia can cause
disruption of the Tjs, with subsequent barrier failure. The
loss of intestinal cell integrity leads to paracellular leakage
of microbial products [3-6].

The influence of the n-3 polyunsaturated fatty acids
(n-3 PUFAs) on inflammatory bowel disease indicated
50% reduction in steroid use and improved histology [7],
delayed relapse [8], reduced disease activity and drugs
usage [4]. Also, the influence of the n-3 fatty acids on
patients under surgical stress indicated reduced wound
and major infections, reduced intra-abdominal abscess
and multiple organ failure, and shortened hospital stay
in several prospective randomized studies in burn,
trauma and major surgery patients. The benefit of n-
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3PUFAs on barrier barrier also was found in sever pan-
creatitis, trauma and septic shock. However, the effect of
the n-3PUFAs on intestinal permeability in hemorrhagic
shock/resuscitation (HS/R) is rarely reported [9].

So we make a hypothesis that intravenous n-3 PUFAs
would improve intestinal barrier function in a rat model
of hemorrhagic shock with resuscitation.

Result

Characteristics and shock preparation of rats

All animals survived from shock and completed resuscita-
tion in the four groups. Among the groups, there was no
difference in the change of blood pressure into baseline
following shock and resuscitation (Table 1). Except for the
sham group, all animals were maintained at 35 to 40 mm
Hg for 60 minutes by periodic withdrawal or return of
blood. There were no detectable differences between the
four groups in terms of body weight, cannulation time, or
amount of blood withdrawn.

I-FABP and endotoxin in plasma

HS/R group has the highest concentration of intestinal
fatty acid binding protein (I-FABP) in all the groups.
30 min and 4 hours after resuscitation, the levels of I-
FABP in -3 group and -3 treatment group had little
change compared with sham group, but they were sig-
nificantly lower than HS, HS/R and w-6 group (p < 0.05).
(Figure 1A, B)

30 min after resuscitation, the levels of endotoxin in
-3 group and w-3 treatment group were remarkablely
lower than HS, HS/R and -6 group (p < 0.05), however,
they increased 4 hours although there were no differ-
ences compared with HS/R and w-6 group, respectively.
(Figure 1C, D)

IL-6 and TNF-a in tissue
Interleukin-6 (IL-6) was measured 4 hours postresuscita-
tion because it characteristically has a later response.
Interestingly, the level of IL-6 were elevated in ®-3
group and w-3 treatment group animals without signifi-
cant difference compared with the sham group. But the
levels of IL-6 in the other groups were elevated dramat-
ically (Table 2).

The concentration of tumor necrosis factor-a (TNF-«)
was measured 30 minutes after shock and resuscitation
because it is known to be characteristic of an early

Table 1 Hemorrhagic shock parameters®
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response to hemorrhagic shock. TNF-a was markedly el-
evated in HS, HS/R, w-6 group and w-3 treatment group
(Table 2). However, there was no significant difference
between the control and fish oil groups.

Lipid analysis

Levels of docosahexenoic acid (DHA) and eicosapente-
noic acid (EPA) were found to be significantly elevated
in plasma in ®-3 group and w-3 treatment group as
compared with other groups, whereas levels of arachi-
donic acid (AA) were correspondingly reduced. The
levels of DHA and EPA in intestinal epithelial cells had
the same change trend, although there were no signifi-
cant differences in among all groups (Tables 3 and 4).

Histology

Hemorrhagic shock induced the slight intestinal inflam-
mation of the jejunum in the rats (Figure 2B), and the
intestine mucosa was destroyed after resuscitation or in-
fused by w-6 PUFAs (Figure 2C,D). In rats, no matter
when injected fish oil, no distinguishable changes of in-
testinal histopathology were found compared with sham
rats (Figure 2E,F). On the basis of a mucosal damage
score, infusion of w-3PUFAs was found to prevent intes-
tinal mucosal damage induced by ischemia/re-perfusion.
However, treatment of w-6PUFAs cannot reverse the ef-
fect of ischemia/re-perfusion injury on intestinal mucosa
(Figure 2QG).

Tight junctions ultrastructure

In sham animals, the tight junctions appeared as typical
membrane fusions with intact TJs structure (Figure 3A).
In contrast, TJs ultrastructure were altered after shock,
resuscitation or w-6PUFAs infusion. Tight junctions
were discontinuous with few membrane fusions appar-
ently in colon tissues, which indicated disruption of TJs
morphology (Figure 3B-D). There were no morpho-
logical differences with the tight junctions in »-3 group
and -3 treatment group compared with sham group
(Figure 3E-F).

Redistribution of occludin in epithelium

Occludin was precisely localized in the villus surface
of epithelial cells in jejunum tissues from sham rats
(Figure 4A). After shock, resuscitation or intralipid infu-
sion, the distribution of occludin was altered and the

sham HS HS/R w-6 group w-3 group w-3 Tre P
Weight,(g) 2324147 2402+ 164 2233 +943 23067 +11.0 2308 887 2400108 NS
Cannulation time,(min) 20.13+1.69 20.78 £1.40 20.60 +£2.07 21.63+1.25 1912+ 143 22.11+361 NS
Blood removed, (ml) 534+027 582+023 6.15+0.26 586+ 0.64 6.03+052 597 +049 NS

NS, not significant. *Data are given as mean + standard error of the mean.
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Figure 1 The levels of I-FABP and endotoxin of plasma. I-FABP in Sham group, w-3 group and w-3 treatment group were significantly lower
than HS,HS/R and w-6 group (p < 0.05). The datas in 30 min and 4 hours have the same trend (A, B). The levels of endotoxin in w-3 group and
w-3 treatment group were dramatically increased in 30 min when compared with 4 hours (C, D).

epithelium was disrupted (Figure 4B,C,D). Occludin
from w-3 group and w-3 treatment group had no differ-
ence compared with that of sham group.

Discussion

Hemorrhagic shock followed by resuscitation is known
to stimulate a systemic inflammatory response and intes-
tinal barrier dysfunction. Preventing the catastrophic
consequences of hemorrhagic shock remains an un-
solved problem in clinical treatment of trauma. Daily
dietary supplementation with w-3 PUFAs has been well
established as a method to achieve an alleviation of

certain acute systemic inflammatory diseases such as
asthma, chronic obstructive pulmonary disease, and in-
flammatory bowel disease [10]. And there have been
numerous researches about w-3 PUFAs in critically ill
patients [11,12]. However, clinical use of w-3 PUFAs in
the systemic inflammatory response syndrome and intes-
tinal barrier function in hemorrhagic shock remains
lacking in evidences.

In our study, mucosal Damage Grading Score and H&E-
stained sections of jejunum indicated that w-3 PUFAs alle-
viates morphological changes induced by ischemia and
re-perfusion. The transmission electron microscopy (TME)

Table 2 Results of cytokine protein measurements (pg/mL tissue)

sham HS HS/R w-6 group w-3 group w-3 Tre
IL-6 (4 h) 3523+6.16 91.50 + 33.62*% 12222 +41.28%* 16132+ 1931% 5347 +£2581 7144 +£3221
TNF-a (30 min) 30.84£9.85 90.39 £ 33.76* 14129 + 7543** 126.99 £ 19.89** 56.85+ 1746 88.12£8.09

*P < 0.05. Data are given as mean =+ standard error of the mean.
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Table 3 Fatty acids in plasma (g/L)
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sham HS HS/R w-6 group w-3 group w-3 Tre P
EPA (c 20:5w-3) 0.14 £0.00 0.11+0.05 0.10£0.02 0.15+£0.01 18857 191+65 0.01
DHA (c 22:6w-3) 35+£1.69 21+£0.74 20+0.89 45+025 164 +45 20.11+3.61 0.01
AA (C20:4w-6) 105+3.17 11.2+£323 9.1 +£401 21461 9.20+342 1097 £539 0.01

Data are given as mean + standard error of the mean. AA, arachidonic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid.

assay revealed that »-3 PUFAs extenuated the discontinity
and disruption of TJs in the mucosa. By use of immuno-
fluorescence, we demonstrated that w-3 PUFAs could par-
tially prevent the decreased expression of occludin in
jejunum mucosa during hemorrhagic shock followed by re-
suscitation. These results are similar with other experimen-
tal results and the protective effect of fish oil attributed to
inflammation reaction alleviating and inflammation factors
reducing. Preclinical and clinical research is depicting a
therapeutic effect for consumption of the fish-oil derived in
the management of inflammatory disease in general [13].

The small intestine is highly sensitive to hypo-
perfusion injury because of higher mucosal cell oxygen
demand [14,15]. Thus, subjected to hemorrhagic shock
and resuscitation, trauma, and surgery often develop
intestinal ischemia and tissue damage, which has been
documented by both experimental [16] and clinical stud-
ies [17]. In current research, we demonstrated that the
administration of w-3 PUFAs could partly attenuate
intestinal epithelial barrier dysfunction in hemorrhagic
shock and resuscitation rats. The levels of I-FABP in
plasma were significantly decreased after -3 PUFAs
administration. Our preliminary study showed the intes-
tinal barrier is severely damaged after I/R, which is
related to the redistribution of I-FABP and indicated
that n-3 PUFAs protect the intestinal barrier by modify-
ing intracellular I-FABP, activating the peroxisome
proliferator-activated receptor-y (PPARy) pathway, and
then upregulating TJs protein expression [18].

In the present study, we found that administration of w-
3 PUFAs regardless of being before or during resuscitation
would reduce the systemic inflammation. The levels of IL-
6 and TNF-a in intestinal tissue of w-3 group and w-3
treatment group were dramatically lower than HS, HSR
and -6 groups’ (Table 2). This phenomenon may be
explained as the effects of w-3 PUFAs on regulation of
host inflammatory responses. And this phenomenon is

Table 4 ®Fatty acids in intestinal epithelial cells

associated with the change of fatty acids in plasma and
epithelial cells (Tables 3 and 4). It is the administration
of »-3 PUFAs that promotes the formation of eicosanoids,
which are anti-inflammatory rather than pro-inflammatory
mediators. In addition, intravenous infusion of w-3 PUFAs
leads to decreases of prostaglandin E2, thromboxane
A2, and leukotriene B4, accompanied with increases of
thromboxane A3, prostacyclin PGI3, and leukotriene
B5. Generally, the leukotrienes, thromboxanes, and
prostaglandins derived from w-3 PUFAs are less pro-
inflammatory than the homologus compounds derived
from w-6 PUFAs. So, the levels of DHA and EPA signifi-
cantly elevated in plasma in w-3 group and -3 treat-
ment group were the primary cause for less systemic
inflammation in the two groups. There are, however,
powerful anti-inflammatory metabolites from the w-6
PUFAs AA, and one cannot say with validity that “w-6
are pro-inflammatory and w-3 are not” [19]. So we did
not find the inflammatory response becomes worse in
the rats of w-6 group after -6 PUFAs infusion.
However, the levels of endotoxin in -3 group and w-3
treatment group were dramatically escalated at 4 hours
after resuscitation when compared with them in 30 min.
What makes the serum endotoxin levels grow up, further-
more why the elevated endotoxin concentration did not
induce more inflammatory response and gut barrier dam-
age? Pluess et al. have domesticated that healthy volun-
teers received twice 0.5 g/kg fish oil at 48 and 24 h before
lipopolysaccharide (LPS) injected would modify the
phospholipid composition of platelets and blunted fever
and increased the neuroendocrine and the inflammatory
responses to LPS [20]. Meanwhile, in their previous study
in healthy subjects they showed that prolonged supple-
mentation with oral fish oil blunts the neuroendocrine
and inflammatory responses to LPS challenge [21]. Simi-
larly, Pittet et al. have divided male subjects into three
groups which received three different fish oil doses before

sham HS HS/R w-6 group w-3 group w-3 Tre P
EPA (c 20:5w-3) 201 £045 1.98£0.12 210£0.25 241 £0.51 547£1.21 523£15 NS
DHA (c 22:6w-3) 2.16+£0.78 1.59 £ 044 2.50£049 3.12£0.75 645 +0.23 510£145 NS
AA (C20:4w-6) 1534415 16.2+3.63 17.1£4.54 25+ 546 175+£444 16.7+3.72 NS

NS, not significant. ®Data are given as mean + standard error of the mean. AA, arachidonic acid; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid.
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Figure 2 Histological findings of the jejunum from rats (original magnification, 20 x 20). (A) Sham animals. (B) Hemorrhagic shock.
(C) Hemorrhagic shock and resuscitation. (D) Intralipid infused before resuscitation. (E) Fish oil infused before resuscitation. (F) Fish oil infused
during resuscitation. (G) Mucosal damage grading was assessed. The mean histological score of animals in HS group, HSR group and omega-6
group are significantly higher than that of sham mice, and subsequent treatment of w-3 PUFAs could not attenuate this damage.

.

LPS. And the 0.2 g/kg per-fusion immediately (2 hours)
before LPS was the most efficient in blunting the re-
sponses, suggesting LPS capture in addition to the sys-
temic and membrane effects. These studies may explain
the phenomenon found in our experiments, although the
concentration of endotoxin magnified, the infusion of fish
oil will blunt the inflammatory and neuroendocrine re-
sponses to alleviate the damage of gut mucosa.

Conclusion

In conclusion, our data indicate—to our knowledge—
that »-3 PUFAs can ameliorate intestinal epithelium TJ
disruption in a rat model of hemorrhagic shock followed
by resuscitation. We speculate that w-3 PUFAs, individu-
ally or in combination with other therapy, may serve as
a potential new therapeutic agent that restores the nor-
mal intestinal barrier function in hemorrhagic shock.

Materials and methods

Animals

Seventy-two male SD rats of a mean (+SD) weight of 269.26 +
12.68 g were used and the protocol of this study was ap-
proved by the institutional animal care committee. Animals,
supplied by Medical Experiment Animal Center of Jinling
Hospital (Nanjing, China), were kept in a chamber with a
light cycle from 9 am to 9 pm and controlled temperature
of 25°C-28°C with food and water available ad libitum.
Characteristics of the study groups are presented in Table 5.

Rat model of hemorrhagic shock and resuscitation

All rats were weighed and anesthetized with 60 mg/kg
ketamine intramuscular injection and then placed on a
temperature-controlled heating pads, which was heated
while shock was induced and temperature was sustained
37°C. Using aseptic techniques, the left femoral artery and
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group (E-F). Arrows, tight junctions. Bars = 0.5 um.

Figure 3 Tight junction morphology was altered at 4 hours after resuscitation. The intact TJ structure was observed in sham rats
(A). TJ ultrastructure was altered characterized by decreased electron dense materials in the TJ (B-D). TJ ultrastructure was integrity as sham

J

vein were isolated and cannulated with a short incision
containing 0.1 ml heparinized saline (10 units/ml) [22].
Heparin (200 U/kg) was infused immediately through
femoral vein following cannulation. The artery catheter
was connected to a multi-channel recorder (Electronics
for Medi- cine, TX) for the monitoring of systolic, dia-
stolic, and mean arterial pressures (MAP) per 3 minutes.
The target MAP (35~ 40 mm Hg) was induced by re-
moving blood slowly through the femoral vein cannula
during a total time of 15 minutes and maintained at 35
to 40 mm Hg with further withdrawals of blood as
required for 60 minutes. At the point of 75 minutes, re-
suscitation which would take 30 minutes was imple-
mented by returning half of the shed blood and Ringer’s
solution to the animal at the speed of 0.5 mL/min. And
Infusion was withheld if MAP exceeded 90% of baseline
and re-started if declined. At the 105th minute, resusci-
tation was finished and no interventions were carried
out. The rats in w-6 group and w-3 group were injected
by intralipid and fish oil (Omegaven, Huarui Pharma-
ceutical Co., Ltd. 0.2 g/Kg) respectively through the
caudal vena after shock 30 min. And the rats in »-3
treatment group were injected by fish oil (0.2 g/Kg)

during resuscitation. At the end of 30 minutes of resus-
citation, half of the animals of these three groups were
randomly sacrificed to collect blood samples, and the
others were killed at the end of 4 hours. The 2-3 ml
sample was centrifuged at 4°C. After centrifugation,
serum was kept refrigerated at -80°C until assayed.

Measurement of I-FABP and endotoxin in plasma

The blood sample was centrifuged at 10 000 x g for
15 min at 4°C. The supernatant was assayed for I-FABP
and endotoxin levels by enzyme-linked immunosorbent
assay kits (R&D Systems, Minneapolis, MN, USA) in ac-
cordance with the manufacturer’s instructions. The ab-
sorbance at 450 nm was determined using a microplate
reader (Tecan’s, Sunrise, Unterberg strasse IA, Austria).

Measurement of IL-6 and TNF-a in tissue

The jejunum at 2 c¢cm beyond Treitz ligament was
weighed and homogenized by adding 9 times gravimetric
saline. The 10% homogenate was centrifuged for 10 mi-
nutes (2500 r/min) and the supernatant was diluted 10
times with normal saline to 1% concentration. The 1%
supernatant was assayed for IL-6 and TNF-a levels by
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Figure 4 Redistribution of occludin in hemorrhagic shock rats. Occludin (A, E, F) was precisely localized to the tight junction in the jejunum
from sham group, w-3 group and w-3 treatment group. In contrast, the jejunum from shock, resuscitation and w-6 group showed redistribution
of occludin (B, C, D). Bars =25 mm.

enzyme-linked immunosorbent assay kits (R&D Systems,
Minneapolis, MN, USA) in accordance with the manu-
facturer’s instructions.

Fatty acid analysised

To verify that the treatments change resulted in the in-
corporation of significant amounts of DHA and EPA into
membrane lipids and plasma, fatty acid analysised was car-
ried out in intestinal epithelial cells and plasma. Small

Table 5 Characteristics of study groups

SHAM (n=12) control (cannulation and Heparinized)
HS (n=12) control + shock
HS/R(n=12) HS + fluid resuscitation

w-6 group (n=12) HS/R + intralipid (0.2 g/kg) intravenous

after shock 30 min

w-3 group (n=12) HS/R + fish oil (0.2 g/kg) intravenous

after shock 30 min

w-3 treatment group (n=12) HS/R + fish oil (0.2 g/kg) intravenous

during resuscitation

HS, hemorrhagic shock; HS/R, hemorrhagic shock and resuscitation.

intestine samples were first homogenized and the cell pel-
let isolated by centrifugation and frozen until analysis.
Total small intestine lipids were extracted with methanol
and methylene (both containing 50 mg/L BHT) as de-
scribed [23]. The organic phase was collected and the
solvent evaporated under nitrogen in a 45°C water bath.
The samples were methylated as described [24]. The sam-
ples were analyzed by gas chromatography (GC-14A;

Table 6 Intestinal mucosal damage grading score
Grade

Histological characteristic(s)

Grade 0 Normal mucosal villi

Grade 1 Subepithelial Gruenhagen'’s space (oedema),
usually at the apex of the villus

Grade 2 Extension of the subepithelial space with moderate
lifting of epithelial layer from the lamina propria

Grade 3 Massive epithelial lifting down the sides of villi;
a few tips may be denuded

Grade 4 Denuded villi with lamina propria and dilated
capillaries exposed

Grade 5 Digestion and disintegration of lamina propria;

haemorrhage and ulceration
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Shimadzu, Columbia, MD) using a fused silica capillary
column (SP-2560, 100 m; Supelco, Bellefonte, PA). Fatty
acid methyl esters are reported as percent of total and
were identified by comparison with known standards.

DHA and EPA in plasma were quantified by one-step
rapid extractive methylation for gas chromatographic
analysis [25], as described previously [26,27]. First, cit-
rate plasma was spiked with heptadecanoic acid as in-
ternal standard. Next, free fatty acids were converted to
methyl esters by mixing with ethereal diazomethane. Lastly,
the ethereal layer was dried, redissolved in chloroform, and
transferred to the gas chromatograph. The fatty acid me-
thyl esters were detected by use of a flame ionization de-
tector, and peak area integration was performed.

Histopathological evaluation

The proximal jejunum specimens were harvested imme-
diately after the animals were sacrificed, and rinsed in
cold saline with subsequent immersion in 10% buffered
formalin over- night at room temperature. Sections
measuring 5-um in thickness were cut down, placed on
glass slides, and stained with hematoxylin and eosin
(H&E). Images were obtained using a Zeiss Image Al
light microscope at x 20 magnification with AxioVision
V4.5 software. Three pathologists, blinded to the source
of the slides, analyzed and made a report about every
slide. The degree of histopathologic changes was graded
semiquantitatively by using the histologic injury score
described by Chiu et al. [28] (Table 6).

Transmission electron microscopy (TEM)

Two-millimeter sections of colon were fixed for 2 h in
4% buffered glutaraldehyde. The sections were cut into
smaller pieces, then fixed by 1% OsO4, sequentially
dehydrated through graded alcohols, infiltrated through
Epon 812 and then embedded in resin. Thin sections
were cut and stained with uranyl acetate and lead citrate,
and examined with a Hitachi H-600 (Tokyo, Japan)
transmission electron microscope operated at 75 kV.

Laser scanning confocal microscopy (LSCM)

Immunofluorescence staining of the proximal jejunum
tissues was performed according to the method de-
scribed by Guttman et al. [29]. After being rinsed with
ice-cold PBS, tissues were fixed in 3% paraformaldehyde,
embedded in an optimal cutting temperature compound
(OCT; Sakura Finetech, USA) and 6 mm thick serial sec-
tions were cut. Tissue sections were treated with 0.2%
Triton X- 100 in phosphate-buffered saline (PBS) for
20 min and then blocked with 5% normal goat serum in
PBS containing 0.05% Tween-20 and 0.1% bovine serum
albumin. Tissues were incubated with monoclonal anti-
bodies against occludin or ZO-1 (1:200) in PBS with 1%
goat serum overnight at 4°C. After washing, sections
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were incubated with Alexa 488-conjugated secondary
antibodies for 60 min. DAPI was used for staining DNA
of cells. Images were captured using a Leica TCS SP2
laser confocal scanning microscope (Leica Micro- sys-
tems, Heidelberg GmbH, Mannheim, Germany).

Statistical analysis

Data results are presented as mean + standard error.
Comparisons of various hemorrhagic shock parameters,
I-FABP, endotoxin, oxidative and inflammatory mole-
cules, blood, and histological score between the four
groups were performed by ANOVA test. A significance
level of .05 was used for all analyses.
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n-3 PUFAs: n-3 polyunsaturated fatty acids; TJ: Tight junction;
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microscopy; LSCM: Laser scanning confocal microscope; MODS: Multiple-
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LPS: Lipopolysaccharide.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

Study conception and design: YL, XYW and JSL. Manuscript draft and data
analysis: YL. Interpretation and critical review of the manuscript: XYW, NL and
JSL. All authors read and approved the final manuscript.

Acknowledgments
We are grateful to investigators and staff at laboratory of department of
general surgery in Jinling hospital for facilitating this study.

Received: 14 June 2014 Accepted: 5 August 2014
Published: 8 September 2014

References

1. Henao FJ, Daes JE, Dennis RJ: Risk factors for multiorgan failure:
a case-control study. J Trauma 1991, 31:74-80.

2. Deitch EA: Bacterial translocation or lymphatic drainage of toxic
products from the gut: what is important in human beings? Surgery 2002,
131:241-244.

3. Baker JW, Deitch EA, Li M, Berg RD, Specian RD: Hemorrhagic shock
induces bacterial translocation from the gut. J Trauma 1988, 28:896-906.

4. Fink MP, Delude RL: Epithelial barrier dysfunction: a unifying theme to
explain the pathogenesis of multiple organ dysfunction at the cellular
level. Crit Care Clin 2005, 21:177-196.

5. Han X, Fink MP, Yang R, Delude RL: Increased iNOS activity is essential for
intestinal epithelial tight junction dysfunction in endotoxemic mice.
Shock 2004, 21:261-270.

6. Xu DZ Lu Q, Deitch EA: Nitric oxide directly impairs intestinal barrier
function. Shock 2002, 17:139-145.

7. Heller A, Koch T, Schmeck J, van Ackern K: Lipid mediators in
inflammatory disorders. Drugs 1998, 55:487-496.

8. Gadek JE, DeMichele SJ, Karlstad MD, Pacht ER, Donahoe M, Albertson TE,
Van Hoozen C, Wennberg AK, Nelson JL, Noursalehi M: Effect of enteral
feeding with eicosapentaenoic acid, gamma-linolenic acid, and antioxi-
dants in patients with acute respiratory distress syndrome: enteral
nutrition in ARDS study group. Crit Care Med 1999, 27:1409-1420.

9. Grimm H, Schott J, Schwemmle K: [Development of an immuno-neutral
lipid emulsion for optimal postoperative management of intensive care
patients]. Langenbecks Archiv fur Chirurgie Supplement Kongressband
Deutsche Gesellschaft fur Chirurgie Kongress 1998, 115:599-604.



Li et al. Lipids in Health and Disease 2014, 13:146
http://www.lipidworld.com/content/13/1/146

10. Lee S, Gura KM, Kim S, Arsenault DA, Bistrian BR, Puder M: Current clinical
applications of omega-6 and omega-3 fatty acids. Nutr Clin Pract 2006,
21:323-341.

11. Heyland DK, Novak F, Drover JW, Jain M, Su X, Suchner U: Should
immunonutrition become routine in critically ill patients? A systematic
review of the evidence. JAMA 2001, 286:944-953.

12. Pontes-Arruda A, Demichele S, Seth A, Singer P: The use of an
inflammation-modulating diet in patients with acute lung injury or acute
respiratory distress syndrome: a meta-analysis of outcome data. JPEN J
Parenter Enteral Nutr 2008, 32:596-605.

13.  Calder PC: n-3 polyunsaturated fatty acids, inflammation, and
inflammatory diseases. Am J Clin Nutr 2006, 83:15055-15195S.

4. Marik PE: Total splanchnic resuscitation, SIRS, and MODS. Crit Care Med
1999, 27:257-258.

15.  Chiara O, Pelosi P, Segala M, Turconi MG, Brazzi L, Bottino N, Taccone P,
Zambelli M, Tiberio G, Boswell S, Scalea TM: Mesenteric and renal oxygen
transport during hemorrhage and reperfusion: evaluation of optimal
goals for resuscitation. J Trauma 2001, 51:356-362.

16. el Zakaria R, Hurt RT, Matheson PJ, Garrison RN: A novel method of
peritoneal resuscitation improves organ perfusion after hemorrhagic
shock. Am J Surg 2003, 186:443-448.

17.  Porter JM, Ivatury RR: In search of the optimal end points of resuscitation
in trauma patients: a review. J Trauma 1998, 44:908-914.

18. Wang X, Pan L, Lu J, Li N, Li J: N-3 PUFAs attenuate ischemia/reperfusion
induced intestinal barrier injury by activating I-FABP-PPARgamma
pathway. Clin Nutr 2012, 31:951-957.

19.  Simopoulos AP: Omega-3 fatty acids in inflammation and autoimmune
diseases. J Am Coll Nutr 2002, 21:495-505.

20. Pluess TT, Hayoz D, Berger MM, Tappy L, Revelly JP, Michaeli B, Carpentier
YA, Chiolero RL: Intravenous fish oil blunts the physiological response to
endotoxin in healthy subjects. Intensive Care Med 2007, 33:789-797.

21, Michaeli B, Berger MM, Revelly JP, Tappy L, Chiolero R: Effects of fish oil on
the neuro-endocrine responses to an endotoxin challenge in healthy
volunteers. Clin Nutr 2007, 26:70-77.

22. Yang R, Tan X, Thomas AM, Steppacher R, Qureshi N, Morrison DC, Van Way
CW lll: Alanine-glutamine dipeptide (AGD) inhibits expression of
inflammation-related genes in hemorrhagic shock. JPEN J Parenter Enteral
Nutr 2007, 31:32--36.

23. Bligh EG, Dyer WJ: A rapid method of total lipid extraction and
purification. Can J Biochem Physiol 1959, 37:911-917.

24, Morrison WR, Smith LM: Preparation of fatty acid methyl esters and
dimethylacetals from lipids with boron fluoride-methanol. J Lipid Res
1964, 5:600-608.

25.  Pace-Asciak CR: One-step rapid extrachive methylation of plasma
nonesterified fatty acids for gas chromatographic analysis. J Lipid Res
1989, 30:451-454.

26.  Grimminger F, Fuhrer D, Papavassilis C, Schlotzer E, Mayer K, Heuer K, Kiss L,
Walmrath D, Piberhofer D, Libbecke F, Kramer HJ, Stevens J, Schitterle
GWS: Influence of intravenous n-3 lipid supplementation on fatty acid
profiles and lipid mediator generation in a patient with severe ulcerative
colitis. Clin Invest 1993, 23:706-715.

27.  Mayser P, Mayer K, Mahloudjian M, Benzing S, Kramer H-J, Schill W-B, Seeger WFG:
A double-blind, randomized, placebocontrolled trial of n-3 vs. n-6 fatty acid
based lipid infusion in atopic dermatitis. JPEN J Parenter Enteral Nutr 2002,
26:151-158.

28. Chiu CJ, McArdle AH, Brown R, Scott HJ, Gurd FN: Intestinal mucosal lesion
in low-flow states. I. A morphological, hemodynamic, and metabolic
reappraisal. Arch Surg 1970, 101:478-483.

29. Guttman JA, Li Y, Wickham ME, Deng W, Vogl AW, Finlay BB: Attaching
and effacing pathogen-induced tight junction disruption in vivo.

Cell Microbiol 2006, 8:634-645.

doi:10.1186/1476-511X-13-146
Cite this article as: Li et al: The study of n-3PUFAs protecting the intestinal
barrier in rat HS/R model. Lipids in Health and Disease 2014 13:146.

Page 9 of 9

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central




	Abstract
	Background
	Methods
	Result
	Conclusion

	Introduction
	Result
	Characteristics and shock preparation of rats
	I-FABP and endotoxin in plasma
	IL-6 and TNF-α in tissue
	Lipid analysis
	Histology
	Tight junctions ultrastructure
	Redistribution of occludin in epithelium

	Discussion
	Conclusion
	Materials and methods
	Animals
	Rat model of hemorrhagic shock and resuscitation
	Measurement of I-FABP and endotoxin in plasma
	Measurement of IL-6 and TNF-α in tissue
	Fatty acid analysised
	Histopathological evaluation
	Transmission electron microscopy (TEM)
	Laser scanning confocal microscopy (LSCM)
	Statistical analysis
	Abbreviations

	Competing interests
	Authors’ contributions
	Acknowledgments
	References

