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LABORATORY STUDY

Normal mesenteric lymph ameliorates acute kidney injury following

lipopolysaccharide challenge in mice

Zi-Gang Zhao*, Li-Min Zhang*, Wen Song, Hui-Bo Du, Hao Cui, and Chun-Yu Niu

Institute of Microcirculation, Hebei North University, Zhangjiakou, Hebei, PR China

Abstract

Background: The kidney is one of the prior damaged organs subjected to severe infection and
sepsis shock. Our previous studies have shown that the normal mesenteric lymph (NML)
obtained from healthy dogs could alleviate multiple organ injuries following endotoxic shock.
In the current study, we further investigated the beneficial effect of NML from healthy mice on
acute kidney injury (AKI) induced by lipopolysaccharide (LPS) in mice. Methods: The mice in LPS
and LPS +NML groups received an intraperitoneal injection of LPS (35 mg/kg). One hour later,
the treatment of NML was performed and kept for 6 h. Then, the renal function indices, renal
morphology, the levels of phosphorylation mitogen-activated protein kinases (MAPKs), markers
of sensitization to LPS, as well as pro-inflammatory mediators in renal tissue were observed.
Results: Intraperitoneal injection of LPS induced an increased level of urea in plasma,
lipopolysaccharide-binding protein (LBP), cluster of differentiation 14 (CD14), tumor necrosis
factor-a (TNF-a) and interleukin 6 (IL-6), but no obvious changes in the MAPKs in renal tissue.
NML treatment decreased the levels of urea, CD14, TNF-a and IL-6 in mice after LPS injection.
Conclusion: The current results indicate that NML alleviates LPS-induced AKI through its
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attenuation of sensitization to LPS.

Introduction

Acute renal failure (ARF) severely worsens prognosis of
hospitalized patients, and the combination of ARF and severe
sepsis is associated with 70% mortality while mortality rate in
patients with non-septic ARF alone is 45%."* To improve the
efficiency of early diagnosis and treatment, clinicians recom-
mend the monitoring of the quality of acute dialysis, in which
AREF is replaced with acute kidney injury (AKI), including
mild acute renal insufficiency.” Previous studies have shown
that the treatment of exogenous normal mesenteric lymph
(NML) obtained from healthy dog alleviates the AKI induced
by disseminated intravascular coagulation through the
improvement of the coagulation function.* This treatment
also protects against AKI caused by intravenous injection of
lipopolysaccharide (LPS) through decreasing the leukocyte
adhesion and improving the perfusion of kidney.”® These
results indicate that the NML plays an important beneficial
role against AKI.

Increasing studies have demonstrated that mitogen-acti-
vated protein kinases (MAPKs) play an important role in the

*These authors contributed equally to this work.
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process of systemic inflammatory response syndrome (SIRS)
and AKI induced by ischemia-reperfusion, trauma, sepsis,
burn, etc.”” However, whether the effect of NML on LPS-
induced AKI is related to MAPK signaling molecules remains
unknown. It has been shown that increased expression of
LPS-binding protein (LBP) and activation of cluster of
differentiation 14 (CD14), a LPS receptor can enhance the
sensitization of inflammatory cells to the endotoxin or LPS
that links the inflammatory response to organ injuries.'®'?
Wang et al.'? reported that the LBP and CD14 mRNA levels
were significantly increased in renal tissue in a mouse model
of cecal ligation and puncture-induced sepsis. Nevertheless, it
is important to determine whether the LBP and CD14 are
upregulated during the LPS-induced AKI. Therefore, the
current study was sought to determine the effectiveness of
NML on AKI induced by LPS, and the involvement of LBP,
CD14 and MAPKSs in this process.

Methods
Animals

Thirty-six healthy and specific pathogen free (SPF) BALC/c
mice, weighing 20 g-25 g, were purchased from the National
Institutes for Food and Drug Control (Beijing, China).
Eighteen mice were used to NML drainage for the interven-
tion of AKI induced by LPS, while the rest 18 mice were
randomly divided into three groups: sham group, LPS group,
and LPS+NML group (n=6 mice/group). Before the
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experimentation, the mice were fasted for 12h, but were
allowed free access to water. During the experimentation, all
efforts were made to minimize suffering of animals, and the
animal experimental procedures were reviewed and approved
by the Hebei North University Animal Care Committee and
conformed to National Institutes of Health guidelines.

Preparation of NML

All of the mice were anesthetized with intraperitoneal
injection of pentobarbital sodium (1%, 50mg/kg). Then,
under the operating microscope (SSJ, Shanghai Optical
Instrument Factory, Shanghai, China), a laparotomy with
2 cm longitudinal incision on deviation to right of midline was
performed and their mesenteric lymph was drained with a
drainage needle continuously for 60 min into a sterile test
tube. Lymphatic samples were centrifuged for 5min at 315 ¢
to remove all cellular components and stored at —75 °C until
further experimentation.

Administration of LPS and treatment of NML

After anesthetization with pentobarbital sodium, the femoral
operation was performed under the operating microscope.
First, the right femoral artery was separated and cannulated
for anticoagulation with heparin sodium (1%, 1 mL/kg). Tiny
heparinized polyethylene catheter was inserted into the right
femoral artery for continuously monitoring the animals’ mean
artery pressure (MAP) using the RM-6240B biological signal
collecting and processing system (Chengdu Inc., Chengdu,
China). Secondly, after a 30-min stabilization period, the
lipopolysaccharide (LPS, 0.5%, 35 mg/kg) (Escherichia coli
O111:B4) (Sigma, Milwaukee, WI) was injected through
abdomen in the LPS and LPS + NML groups. Finally, after
60 min of LPS injection, the administration of NML (1/15 of
whole blood volume) was performed through femoral artery
as described in the previous reports'*!> in the LPS + NML
group. In the sham group, the mice were anesthetized,
cannulated and operated as described above, but without LPS
injection and NML intervention. And the same amount of
saline instead of NML was given to a separate LPS group and
sham group as control.

Measurement of renal function

At 6h after intraperitoneal injection of LPS in the LPS and
LPS +NML groups or at corresponding time point in the
sham group, blood samples were obtained from the heart
through apical centesis, and the plasma was prepared by
centrifugation at 850g for 10 min and was stored at —80°C
in refrigerator (Thermo Electron, Waltham, MA) for the
further determination of renal function. Levels of Urea and
cystatin C (CyC) in plasma were examined by an automatic
biochemical analyzer (7600-110, Hitachi, Tokyo, Japan), and
the kit was purchased from Randox Laboratories Litd.
(Shanghai, China).

Observation of renal morphology

At 6h after LPS injection, the left kidney was obtained from
each mouse under deeply anesthetic conditions. Subsequently,
the kidney was split by a longitudinal midline incision
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into halves, including medulla and cortex, and then fixed
in neutral buffered paraformaldehyde of 4%, dehydrated
with alcohol gradient, embedded in paraffin, and sectioned
at 4 um using a microtome (Shandon Finesse 325, Thermo,
Waltham, MA). After hematoxylin and eosin (HE) staining,
morphological alterations were observed with light micros-
copy (90-i; Nikon, Tokyo, Japan) and images were collected
and their photos were taken using an image collection
and analysis system (Motic Med 6.0; Beijing, China). All
morphological examinations were conducted by a forensic
pathologist without prior knowledge of the experimental
conditions.

Preparation of renal homogenate

Similarly, the right kidney was obtained from each mouse at
6h after LPS administration, was homogenized in 1:9 (w/v)
normal saline for 30 s and centrifuged at 850g at 0—4 °C for
10 min using Labofuge 400R super centrifuge (Thermo Fisher
Scientific, San Jose, CA), while the supernatant fluid was
frozen at —80 °C in refrigerator for next assays.

Measurement of MAPKs

Phosphorylation levels of p38 MAPK, extracellular regulated
protein kinases (ERK) 1/2 and c-Jun NH2-terminal protein
kinase (JNK) in renal homogenates were determined by the
mouse — specific enzyme-linked immunoadsorbent assay
(ELISA) kit (antibodies were purchased from R&D Systems,
Minneapolis, MN) using the SpectraMax® M3 Microplate
Reader (Molecular Devices, Sunnyvale, CA), in accordance
with manufacturer’s protocols. The standard curves of p-p38
MAPK, p-ERK1/2, and p-JNK were y = 0.008x + 0.0000149x”
0.000000079x%,  »=0.9987;  y=0.006x — 0.000070x>
—0.00000000442:°, * = 0.9966; y = 0.004x — 0.0000022x> +
0.000000000276x>, * = 0.9979; respectively. Protein concen-
tration in homogenate was quantified by the Coomassie
brilliant blue colorimetric method (kit purchased from
Jiancheng Biotechnology Research Institute, Nanjing,
China), and results were normalized by protein levels.

Measurement of markers of sensitization to LPS

The levels of LBP and CDI14 in renal homogenates
were detected using the ELISA kit as described above. And
the standard curves of LBP and CDI14 were y=0.128x+
0.003x* — 0.0001874x>, r* =0.9992; y=0.061x+
0.00004486x* — 0.000004574x>, r* =0.9995; respectively.

Measurement of pro-inflammatory mediators

Meanwhile, the contents of TNF-o and IL-6 in renal
homogenates were determined with the method of
ELISA after manufacturing standard curves (y=0.016x
— 0.0004087x> +0.00000006004x>, r*=0.9977; y=0.045x
—0.00005297x* — 0.000003114x>, * =0.9993; respectively).

Statistical analysis

Data were presented as mean + SD. Statistical analysis was
performed using SPSS 19.0 (Polar Engineering and
Consulting Inc., Chicago, IL). The one-way ANOVA was
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Figure 1. Effect of NML on renal function
indices after LPS administration in mice

(mean+SD, n = 6). Note: *p <0.05 versus the
sham group; #p <0.05 versus the LPS group.

Urea (mmol/L)

Sham

Figure 2. Effect of NML on renal morpho-
logical change in mice (HE staining).

Note: A-B: Sham group; C-D: lipopolysac-
charide (LPS) group; E-F: LPS + NML
group.

conducted between groups and Student—-Newman—Keuls test
was used within groups. p<0.05 was considered to be
statistically significant.

Results
Renal function indices in plasma

At 6h after LPS injection, the levels of plasma urea in both
LPS and LPS+NML groups were significantly increased
when compared to that of sham group. However, the
plasma urea content in LPS+NML was lower than that in
the LPS group (p<0.05). There were no statistical
differences in CyC levels among the three groups
(p>0.05, Figure 1).

LPS LPS+NML
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0.8

Cystatin C (mg/L)

Sham LPS LPS+NML

Renal morphology

In the sham group, there was normal glomerular and tubular
structures, neatly arranged tubular epithelial cells, and clear
proximal and distal convoluted tubule in kidney of mice
(Figure 2A, B). In contrast, a little extravasated blood in renal
interstitium appeared in kidney of the LPS administrated mice
(Figure 2C, D). There was no obvious abnormality in the
structure of renal glomerulus and tubules in the LPS + NML
group (Figure 2E, F).

MAPKSs in renal tissue

At 6 h after LPS injection, there were no statistical differences
in p-MAPK, p-ERK 1/2, and p-JNK in renal homogenate
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among the sham, LPS, and LPS+ NML groups (p>0.05)
(see Table 1).

Sensitization to LPS in renal tissue

As shown in Figure 3, LPS administration significantly
increased the LBP and CDI14 levels of renal homogenate
(p<0.05). The NML treatment intended to decrease the level
of LBP, but did not reach to statistical differences (p>0.05).
In contrast, the NML treatment reversed the increase in CD14
content in renal tissue produced by LPS injection (p <0.05).

Pro-inflammatory mediators in renal tissue

At 6 h after LPS intraperitoneal injection, the levels of TNF-a
and IL-6 in renal homogenate in the LPS group were
significantly increased compared to that of the sham group
(»p<0.05, Figure 4). The NML treatment resulted in a
significant decrease in the TNF-a and IL-6 contents in renal
tissue (p <0.05).

Discussion

In the present study, we established the mouse model with
LPS attack through intraperitoneal injection. We found that

Table 1. Effects of NML on the phosphorylation levels of p38 MAPK,
ERK 1/2, and c-Jun NH2-terminal protein kinase (JNK) in kidney after
LPS administration in mice (ng/mg protein, mean+SD, n=6).
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the AKI came on in mice at 6h after LPS administration,
which was presented with a little extravasated blood in renal
tissue and increased urea in plasma. Moreover, we harvested
NML from healthy mice for the intervention of LPS-induced
AKI, and found that NML treatment could significantly
attenuate LPS-induced renal tissue damage and increase in
urea in the plasma. Besides, in our previous report related
with this study, we found that the MAP in the LPS group at
the 90 min ~ 360 min (excepted for 100 min) was remarkably
decreased than that of the sham group; at the 80 min, 90 min,
190 min, 210 min, 240 min, 250 min, 340 min, 350 min, and
360 min, NML treatment significantly increased the levels of
MAP in mice following LPS administration.'® These results
suggested that NML plays a protective effect against AKI
caused by LPS intraperitoneal injection.

Previous studies have shown that the elevated CyC level
in serum or urine is one of the good indicators of acute
renal damage due to I/R produced by renal artery occlu-
sion,17 adult cardiothoracic surgery,lg’19 contrast,*?! etc. In
the present study, we also measured the level of CyC in
plasma of mice. However, we found no changes in CyC
content in plasma in either LPS group or NML-treated
group. The main reason might be the short observation time
in this current study, which was 6h after LPS injection.
Meanwhile, renal histomorphology observation in this study
showed that the structure of glomerulus in the LPS group
was basic normal, which indicated the degree of kidney
injury was mild. Because CyC level is associated with

Group p-p38 MAPK p-ERK 1/2 p-JNK glomerular structure and filter function, the unaltered CyC
Sham 1.01+0.23 2.16+0.48 2.97+0.74 level may be due to the short observation time or to the
LPS 1.02+0.21 1.98+0.51 2.93+0.68 : : L
LPS+NML 0.89+0.13 1.75+0.25 227503  Mild kidney injury.
Figure 3. Effects of NML on the levels of 8r
LBP and CD14 in kidney after LPS admin-
istration in mice (mean + SD, n=6). Note:
*p <0.05 versus the sham group; #p <0.05 = 6 €
versus the LPS group. ° 2
o o
s o
2 4 2
2 £
a 3
g 2 o
0
Sham LPS+NML Sham LPS LPS+NML
Figure 4. Effects of NML on the levels of 25 7r
TNF-0 and IL-6 in kidney after LPS admin- ®
istration in mice (mean + SD, n=6). 20 L 6 r
Note: *p<0.05 versus the sham group; € = |
#p <0.05 versus the LPS group. 2 > 5 w#
215 °
s Sa
) o
R ;
= 227
F s
1 -
0 0
Sham LPS+NML Sham LPS LPS+NML
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It is generally accepted that SIRS is associated with
multiple organ injuries,”* and that LPS is a powerful tool to
induce SIRS with AKI.?*** LPS triggers macrophage activa-
tion through binding to the transmembrane signaling receptor
toll-like receptor 4, which forms an active complex with LBP,
CD14 and myeloid differentiation protein 2.>>*® Furthermore,
the complex induces the produce and release of inflammatory
mediators, lead to SIRS. Therefore, we investigated primarily
the changes of LBP and CD14 in renal tissue, and found that
intraperitoneal injection of LPS with a dose of 35 mg/kg
significantly increased the levels of LBP and CD14 in renal
tissue, while the CD14 level was markedly decreased by the
NML treatment. Therefore, the role of NML on AKI is
correlative with CD14, an important marker of sensitization
to LPS. Nevertheless, the character of LBP during
NML alleviating LPS-induced AKI is required to be studied
in the future.

TNF-0 and IL-6 are the most important cytokines
following LPS challenge, and the levels of TNF-o and
IL-6 can reflect the degree of inflammatory response.”’
Therefore, the current study examined the changes of TNF-a
and IL-6 in renal tissue after LPS challenge, these results
showed that LPS intraperitoneal injection induced obvious
increases in the TNF-o and IL-6 levels of renal tissue. These
deleterious effects of LPS administration on pro-inflamma-
tory mediators were significantly ameliorated by NML
treatment. Therefore, the role of NML alleviating LPS-
induced AKI is related to lessening the levels of pro-
inflammatory mediators.

During the LPS stimulation leading to inflammatory
response, the several intracellular signaling pathways, includ-
ing the MAPK pathway and IkappaB kinase-nuclear factor
kappa B (NF-xB) pathway, coordinate the induction of many
genes encoding inflammatory mediators.?® The MAPK signal
components, including p38 MAPK, JNK, and ERK, are
involved in modulating the critical inflammatory response.
After stimulation with LPS, p38 MAPK promotes transcrip-
tion of TNF-a and IL-1B, JNK regulates the production of
many cytokine, such as TNF-a, IL-6, and type I IFNs.
Although not affecting cytokine transcription, ERK modu-
lates the stabilization of TNF-o. mRNA in LPS-treated
macrophages.?*~*°

Hence, we determined the phosphorylation levels of p38
MAPK, ERK1/2, and JNK in renal tissue. But, the results
showed that there was no difference among three groups. Its
reason may be related to the short observation time and the
dose of LPS injection. In our previous study, we found that
LPS induced the increase in p38 MAPK, ERK1/2, and JNK in
pulmonary tissue, and NML administration reduced the
phosphorylation levels of MAPKs.'® Thus, we thought that
it was also related to the different organ. So, the role of
MAPKSs on the LPS-induced AKI needs further research. In
addition, NF-xB is the other main signal pathway, which
induces the expression of pro-inflammatory mediators.
Therefore, whether NML decreasing the inflammatory medi-
ators’ levels in kidney is related to NF-kB signal pathway,
needs further investigation in the future.

In summary, the current study established the method of
NML drainage from mouse and demonstrated the therapeutic
effect of mouse NML on LPS-induced AKI. The results
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indicate that the beneficial effects of small amount NML on
the AKI caused by LPS is related to lessening the sensitiza-
tion to LPS and to decreasing the cytokine production.
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