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CeO2 Nanoparticles Effect on Acute Hemorrhagic Shock
Induced-hepatic Stress Injury in a Mouse Model

Guoqiang Chen
Department of Anesthesiology, Shanghai Tenth People's Hospital, Tongji University, School of Medicine, Shanghai, China

ABSTRACT
Objective: To explore the effects of CeO2 nanoparticles on liver injury, inflammation, oxidative stress, and coagulation func-
tion in hemorrhagic shock (HS)-induced hepatic stress injury.
Study Design: Experimental study.
Study Place and Duration: Shanghai Tenth People's Hospital, Tongji University, School of Medicine, Shanghai, China, from
March 2017 to July 2020.
Methodology:  HS mice  were  treated  with  different  doses  of  CeO2  nanoparticles  suspension  (1  mg/ml),  0.1  ml/100  g,  0.2
ml/100 g, 0.5 ml/100 g. Levels of NF-κB, IFN-γ, IL-1β, IL-6, and TNF-α in tissue homogenate were measured by ELISA. Oxida-
tive stress-related factors in liver tissue homogenate were also evaluated. Coagulation function was determined by measure-
ment of the prothrombin time (PT) and activated partial thromboplastin time (APTT) as well as using thromboelastography
analysis. Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were detected for liver function.
Survival analysis within 24 hours after the model establishment was conducted by K-M curve.
Results: Hemorrhagic shock resulted in obvious tissue hemorrhage, elevated levels of AST and ALT, and significantly shorter
survival for HS mice, which was improved by 0.5 ml/100 g CeO2 nanoparticles suspension. Treatment of CeO2 nanoparticles
significantly decreased HS-induced inflammation, oxidative stress, and coagulation function in a dose-dependent manner.
Conclusion: CeO2 nanoparticles could suppress inflammation and oxidative stress, as well as improve liver and coagulation
function in hemorrhagic shock-induced hepatic stress injury mice.
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INTRODUCTION

Hemorrhagic shock (HS) can cause a series of organ stress
dysfunction and injury, including hepatic injury, lung injury,
and gastrointestinal tract dysfunction.1,2 Generally, it is consid-
ered that the dysfunction of the hypothalamus, immune and
endocrine function, as well  as the release of inflammatory
factors and oxidative stress, are associated with the hepatic
stress injury, which may finally lead to multiple organ dysfunc-
tion syndromes (MODS).3
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In biological contexts, it has been reported that Cerium oxide
(CeO2) nanoparticles can mimic enzymatic antioxidants such
as superoxide dismutase and catalase.4,5 Cerium atoms have
two oxidation states (Ce3+ and Ce4+) in this structure which
they  could  easily  convert  to  each  other  due  to  the  small
amount of energy difference for comparative occupancy of 4f
and 5d orbitals. Also, there is some oxygen vacancies in the
ceria  lattice  structure  which occur  during redox reactions.
These  properties  employed  it  as  a  biological  antioxidant
agent. NC has been applied for biological purposes due to its
low toxicity and worthy antioxidant properties. The beneficial
effects of CeO2 nanoparticles have been reported in different
clinical conditions associated with the reduction of ROS such
as stroke, diabetes, inflammation, and cancer.6-9 The authors’
previous study also confirmed that cerium oxide nanoparti-
cles can reduce the release of inflammatory and proinflamma-
tory factors in sepsis and reduce the damage to the liver.10

However, the effects of CeO2 nanoparticles on hepatic stress
injury after a hemorrhagic shock are still unknown.
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Figure 1: (A) Morphology of CeO2 nanoparticles. (B) Diameter of CeO2 nanoparticles. (C) HE staining for liver tissues of different groups of mice
(n=6  in  each  group).  (e)  Serum ALT  and  AST  levels  of  different  groups  of  mice  (n=6  in  each  group).  (D)  K-M curve  for  survival  analysis  of
different groups of mice (n=10 in each group). ***p<0.001.

This study might provide novel research targets for the treat-
ment of hepatic stress injury after hemorrhagic shock. The
objective of this study was to explore the effects of CeO2 nano-
particles  on  liver  injury,  inflammation,  oxidative  stress,  and
coagulation  function  in  hemorrhagic  shock  (HS)-induced
hepatic stress injury.

METHODOLOGY

It  was  an  experimental  animal-model  study  conducted  at
Shanghai Tenth People's Hospital, Tongji University, School of
Medicine, Shanghai, China from March 2017 to July 2020 after
approval  from the  Animal  Care  Ethics  Commission  of  the
Hospital.

CeO2 nanoparticles (M.W. 172.11, diameter <100 nm) were
purchased  from  Aladdin  (cat.  No.  C103984,  Shanghai,
China).  It  was  synthesized  by  a  precipitation  method.  In
brief, 1.736 g Ce(NO3)3 was added to NaOH solution (0.4 g
NaOH  dissolved  in  128  mL  water)  followed  by  48  h  of
magnetic  stirring.  The  resulting  white  precipitate  was
collected and washed several times in ultrapure water. The
suspension of CeO2 was prepared by dissolving CeO2 nano-
particles into PBS to 1 mg/ml. The solution was then shaken
in an ultrasonic cell breaker (VCX500, Sonics, USA) for 2 min
and  filtered  successively  through  a  0.20  µm-diameter
membrane.  For  identification  of  CeO2  nanoparticles,  the
nanoparticles  were  observed  under  a  scanning  electron
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microscope (S-4800 Japanese HITACHI Company), transmis-
sion  electron  microscopy  (TEM,  JEM-2010,  JEOL,  Tokyo,
Japan),  Ultraviolet-visible  spectroscopy  (Thermo  Scientific
Evolution 300 UV–Vis Spectrophotometer, Germany), Fourier
transform infrared spectroscopy (FTIR, ST-IRST-SIR spectrom-
eter),  and X-ray diffraction (XRD,  X’pert  PRO MPD,  PANalyt-
ical, Almelo, The Netherlands). The average particle size of
CeO2  nanoparticles  was  measured  by  high  sensitivity  flow
cytometry  for  nanoparticle  analysis  using  an  FSCAN  flow
cytometer (BD Biosciences, USA). The stability of CeO2 nano-
particles was determined with the ITLC method.

Briefly, 60 male BALB/C mice (8~12 weeks, weighed 25~30
g)  were  purchased from SJA  Laboratory  Animal  company
(Hunan, China). The mice all  got free access to food and
water in micro-isolator cages. This study was approved by
the Animal Ethics Committee of Nantong University, China.

For the establishment of the hemorrhagic shock model, bilat-
eral  inguinal  dissections were performed, followed with a
small  femoral  arteriotomy.  The hemorrhagic  shock model
was established by taking stepwise blood via  the carotid
artery until the mean arterial pressure reached 25±2 mmHg
for 120 minutes. The hemodynamics was continuously moni-
tored  using  a  contralateral  cannula.  Then,  3  times  the
volume of shed blood with Ringer's lactate were transfused
to the mice for the resuscitation, with the body temperature
maintained at 37°C. At 2 hours after hemorrhagic shock and
resuscitation (HS-R), mice were euthanised. The sham group
received all procedures without HS-R.

For treatment of CeO2 nanoparticles, mice received tail vein
injection of different doses of CeO2 nanoparticles suspension
(1 mg/ml) before the surgery: low dose 0.1 ml/100 g (body-
weight), middle dose 0.2 ml/100 g, high dose 0.5 ml/100 g.
The  blank  control  received  the  same  volume  of  normal
saline. Each group had 6 mice in every experiment.

After 2 h of model establishment, liver tissues of the mice
were extracted and HE staining was performed to evaluate
the necrosis and inflammatory infiltrate after fixation, dehy-
dration, and xylene infiltration.

After  2  h  of  model  establishment,  animals  were  sacrificed
and liver tissues were collected and pounded to pieces. After
centrifugation at ×12000 g under room temperature for 15
min, the supernatants were collected. Then, levels in tissue
homogenate of inflammation-related factors of NF-κB, IFN-γ,
IL-1β, IL-6, and TNF-α were measured by ELISA using corre-
sponding ELISA kits (all purchased from Abcam, Cambridge,
MA, USA).

The levels of superoxide dismutase (SOD), malondialdehyde
(MDA),  and reactive oxygen species (ROS) in  liver  tissue
homogenate  were  measured  after  2  h  of  model  estab-
lishment using commercial kits from Nanjing Jiancheng Bio-

Technology Co.,  Ltd.  according to manufacturer’s  instruc-
tion. After 2 h of model establishment, platelet function and
coagulopathy were measured by thromboelastography anal-
ysis  using  Haemoscope  5000  analyzers  (Haemonomics,
Braintree,  MA).  The  boardastography  software  (version
4.2.3, Haemonomics) was used for the generation of coagula-
tion  profiles.  Maximal  amplitude  (MA,  in  millimeters)  was
reported as a measure of cluster strength and plan aggrega-
tion/function. Serum levels of ALT and AST were measured
after 2 h of model establishment using the Dri-Chem 7000
Chemistry Analyzer (Heska Co,  Loveland,  CO; slides from
Fujifilm Japan) according to the manufacturer’s instructions.
Briefly,  after  2  h  of  model  establishment,  blood  samples
were collected in an anticoagulant tube. After centrifugation
×10000 g under room temperature for 15 min, the plasma
was obtained and the prothrombin time (PT) and activated
partial thromboplastin time (APTT) were evaluated using an
Automatic  Coagulation  Analyzer  (ACL-TOP700,  Beckman,
USA).

The  measurement  data  were  expressed  by  mean ± SD.
Comparisons were conducted using a one-way analysis of
variance (ANOVA) followed by a  Tukey post  hoc test  for
three  or  more  groups.  Student  t-test  was  used  for
comparison between two groups. Survival analysis within 24
h  after  the  model  establishment  was  conducted  by  K-M
curve.  P  <0.05  was  considered  as  statistically  different.  All
calculations were made using Graphpad 6.0.

RESULTS

The CeO2  nanoparticles  were observed under  a  scanning
electron  microscope  and  the  average  particle  size  was
measured  (Figure  1A-B).  The  effects  of  CeO2  nanoparticles
on hepatic stress injury were then determined. Mice were
treated with a high dose of CeO2 nanoparticles (0.5 ml/100
g).  The model  group showed obvious tissue hemorrhage,
which was improved by CeO2  treatment  (Figure 1C).  The
levels of AST and ALT were both elevated in hemorrhage
mice compared with the sham group (p<0.05).  However,
when treated with CeO2 nanoparticles, serum levels of ALT
and  AST  significantly  decreased  in  a  dose-dependent
manner (p<0.05, Figure 1D). K-M curve showed mice in the
HS  group  had  significantly  shorter  survival  while  treatment
of CeO2 nanoparticles markedly prolonged the survival time
(p<0.05, Figure 1E). Besides, in all experiments, the group
of control-treated with CeO2 nanoparticles showed no signifi-
cant  difference  from the  control  group,  indicating  the  CeO2

nanoparticles did not influence normal animals.

To  further  investigate  the  effects  of  CeO2  nanoparticles  on
acute hemorrhagic shock-induced hepatic stress injury, mice
were  treated  with  different  doses  of  CeO2  nanoparticles.  It
was  observed  that  inflammatory  factors  of  NF-κB,  IFN-γ,
IL-1β, IL-6, and TNF-α were all markedly increased in hemor-
rhage mice in liver tissues (p<0.05, Figure 2A).
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Figure 2: (A) Inflammatory factors of NF-κB, IFN-γ, IL-1β, IL-6 and TNF-α in liver tissues of different groups of mice (n=6 in each group). (B)
Oxidative stress factors ROS, SOD and MDA in liver tissues of different groups of mice (n=6 in each group). ***p<0.001.

Figure 3: (A) Levels of PT and APTT in different groups of mice (n=6 in each group). (B) R value, MA and ɑ angel in different groups of mice by
thromboelastography analysis (n=6 in each group). *p<0.05, p<0.01, ***p<0.001.

When  treated  with  CeO2  nanoparticles,  the  inflammatory
factors  were  all  markedly  reduced  in  a  dose-dependent
manner (P<0.05). Similarly, the oxidative stress factors ROS
and  MDA  significantly  increased  and  SOD  remarkably
decreased  in  hemorrhage  mice  in  liver  tissues  (p<0.05,
Figure 2B). While treatment with CeO2 nanoparticles remark-
ably reduced the levels of ROS and MDA and increased the
levels of SOD in liver tissues compared with the model mice,
and  the  effects  were  also  in  a  dose-dependent  manner
(p<0.05), suggesting that the CeO2  nanoparticles reduced
both  inflammation  and  oxidative  stress  in  hemorrhagic
shock-induced  hepatic  stress  injury.

At last,  we investigated the role of CeO2  nanoparticles in
coagulation function in hemorrhagic shock mice. As shown in
Figure 3A, both levels of PT and APTT remarkably increased

in hemorrhage mice compared with the sham group, which
was significantly decreased by treatment of CeO2 nanoparti-
cles in a dose-dependent manner (p<0.05). Then, thromboe-
lastography analysis was used to further evaluate the coagu-
lation  function.  It  was  found  the  R-value  significantly
increased,  while  the  values  of  MA  and  ɑ  angel  significantly
decreased in  hemorrhage mice compared with  the sham
group  (Figure  3B).  The  treatment  of  CeO2  nanoparticles
markedly decreased the R value and increased the values of
MA and ɑ angel in a dose-dependent manner (p<0.05).

DISCUSSION

Despite  numerous  researches,  treatment  of  hemorrhagic
shock-induced hepatic  stress injury is  still  a  clinical  chal-
lenge.2,11  In  recent  years,  the  effects  of  CeO2  nanoparticles
have been noticed in many diseases.12  However,  whether
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CeO2 nanoparticles can improve hemorrhagic shock-induced
hepatic  stress  injury  is  not  clear.  In  this  study,  it  was
observed  that  treatment  of  CeO2  nanoparticles  could
improve  liver  injury,  suppress  inflammation  and  oxidative
stress, as well as improve liver and coagulation function in
hemorrhagic shock-induced hepatic stress injury mice.

Hemorrhagic shock could induce a series of organ dysfunc-
tions,  including  hepatic  stress  injury  and  studies  also
reported potential methods to treat it. Wagner et al. demons-
trated  that  ethyl  pyruvate  improved  alanine  aminotrans-
ferase levels and liver injury by inhibition of local inflamma-
tion, NF-κB activation, and HMGB1 release.13 Another study
showed that Carboxyfullerene nanoparticles could improve
acute hepatic injury by suppressing NF-κB and inflammatory
response  in  severe  hemorrhagic  shock.14  In  a  recent
research, Liu et al. found Corilagin protected the liver after
hemorrhagic  shock  by  decreasing  CINC-1  and  CINC-3
through  activating  Akt  signaling.15  During  hepatic  stress
injury,  both  inflammation,  and  oxidative  stress  will  be  acti-
vated. It was found in hemorrhagic shock, the levels of MDA
and  MPO,  and  inflammatory  factor  TNF-α  were  elevated  in
the liver, intestine, lungs, and brain.16 Besides, the produc-
tion of superoxide anion and reactive oxidants, as well as
neutrophil  degranulation were also elevated after  hemor-
rhagic shock.17 In this research, we also found that hemor-
rhagic shock could induce liver injury, with increased inflam-
mation  and  activated  oxidative  stress,  as  well  as  liver
dysfunction.

Except  for  inflammation  and  activated  oxidative  stress,  the
coagulation  function  is  also  considered  to  be  damaged
during liver injury. After the hemorrhagic shock, the interna-
tional  normalized  ratio,  thrombin  time,  and  prothrombin
time, as well as D-dimer were all observed to be increased
while  the  platelet  count  and  fibrinogen  concentration  were
decreased.18 Ding et al. showed coagulation dysfunction and
organ injury after hemorrhagic shock and resuscitation were
associated with toll-like receptor 4 (TLR4), which contributed
to coagulopathy.19 In this research, coagulation dysfunction
with  increased  PT  and  APTT,  increased  R-value  and
decreased MA value and ɑ angel  in thromboelastography
analysis were observed.

CeO2 nanoparticles have many bioactivities, including anti-
inflammation  and  anti-oxidation.  In  an  early  study,  it  was
found CeO2  nanoparticles could reduce the levels of total
nitrated proteins, MCP-1 and CRP in MCP-1 transgenic mice.20

In another study, Gojova et al. found that CeO2 induced a
slight  inflammatory  response  in  human  aortic  endothelial
cells.21  In  a  recent  research,  CeO2  nanoparticles  were
reported to have the potential as a treatment method for
inflammatory bowel disease, in which an orally administered
CeO2  nanozyme  could  reduce  inflammation  through  ROS
scavenging.22 Besides, in psoriasis, CeO2 nanoparticles were
found to activate superoxide dismutase- and catalase-mim-

icking  activities,  and  protect  against  ROS-mediated
damage.23 Tsai et al. also demonstrated that CeO2 nanoparti-
cles could improve airway mucus secretion, and protect cells
by diminishing ROS and inflammatory responses induced by
TiO2  nanoparticles.24  Moreover,  CeO2  nanoparticles  were
wildly used in orthopedic biomedicine,  in particular,  bone
tissue engineering (BTE).25 In this study, the author demons-
trated that CeO2 nanoparticles could improve hemorrhagic
shock-induced  hepatic  stress  injury  through  suppressing
inflammation, oxidative stress and improving liver and coag-
ulation function in a dose-dependent manner.

CONCLUSION

In this in vivo study, it was found that CeO2 nanoparticles
could  improve  hemorrhagic  shock-induced  hepatic  stress
injury  through  inhibition  of  inflammation,  oxidative  stress,
and  improvement  of  liver  and  coagulation  function.  This
study could provide a research basis and potential thera-
peutic methods for the application of CeO2 nanoparticles in
the treatment of hemorrhage-induced hepatic stress injury.
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