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Abstract

Obijective: To investigate the effect of propofol on the expression and phosphorylation of the skeletal
muscle insulin receptor and its substrates following hepatic ischemia-reperfusion injury (HIRI).
Methods: Sixty healthy Wistar rats were divided randomly into a propofol group (P) and an
ischemia-reperfusion group (I/R). Rats in the P group received propofol infusion prior to ischemia
and during a 120-minute post-reperfusion period. Plasma glucose and insulin concentrations were
measured, as well as expression levels of the insulin signaling proteins insulin receptor (IR) B unit
(IRB) and IR substrate | (IRS-1). In addition, tyrosine phosphorylation levels of these proteins
were measured in skeletal muscle.

Results: Plasma glucose levels in the two groups were higher at 2 hours after reperfusion (T2)
versus exposure of the hepatic hilum (T1). Plasma glucose levels in the I/R group were higher than
those in the P group, while insulin levels at T2 were lower. In addition, phosphotyrosine levels of
IRB and IRS-1 were decreased by 32.1% and 22.4%, respectively.

Conclusion: Propofol increased phosphotyrosine levels of IRB and IRS-2, resulting in an
alleviation of increased plasma glucose levels following HIRI.

Keywords
Propofol, ischemia-reperfusion injury, phosphorylation, plasma glucose, insulin signaling,
phosphotyrosine

Date received: 26 June 2019; accepted: 21 November 2019

Corresponding author:

'Department of Anesthesiology, The First People’s Chen Chen, Department of Anesthesiology, The First
Hospital of Changzhou, The Third Affiliated Hospital of People’s Hospital of Changzhou, The Third Affiliated
Soochow University, Changzhou, Jiangsu, China Hospital of Soochow University, 185 Jugian Street,
National Health Commission, Beijing, China Changzhou, Jiangsu Province, China 213003.

3The People’s Hospital of Jiangsu, Jiangsu, China Email: 534251424@qq.com

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0003-0504-3213
mailto:534251424@qq.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060519894450
journals.sagepub.com/home/imr

Journal of International Medical Research

Introduction

Hepatic ischemia-reperfusion injury (HIRI)
is a common pathophysiological process
that occurs during surgical procedures
such as liver resection and liver transplan-
tation' and can induce a series of physio-
logical effects on the body. Previous studies
have shown that HIRI can lead to a critical
increase in serum glucose levels,” leading to
hyperglycemia, which in turn can lead to
liver metabolism and immune dysfunction
and have a negative effect on post-surgical
recovery.® Glucose control is directly relat-
ed to the insulin signal transduction path-
way.* Previous studies have demonstrated
that both HIRI and propofol can affect
the insulin signaling pathway to induce
insulin resistance.>® In addition, propofol
has been shown to have contradictory
effects on hepatic ischemia-reperfusion
injury.” Whether propofol has an effect on
the insulin signaling pathway after HIRI
remains unclear. We therefore used a rat
model of hepatic ischemia-reperfusion to
investigate the effects of propofol on
serum glucose and hepatic insulin signaling
pathways.

Materials and methods

Animal model and surgical procedures

Sixty healthy male Wistar rats (200-255g)
were  purchased from the  Animal
Experimental Center of Nanjing Medical
University and housed in a ventilated room
with a constant temperature of 20°C.
All rats were fasted for 14 hours prior to
the experimental procedures and were ran-
domly divided into a propofol group
(P group) and an ischemia-reperfusion
group (I/R group). Prior to surgical proce-
dures, rats were administered L-pentobarbi-
tal sodium (40 mg/kg) by intraperitoneal
injection. Under sterile conditions, the mid-
line of the upper abdomen to the hilum was

incised and the hepatic portal blood vessels
were clamped for 30 minutes to induce com-
plete hepatic ischemia. After 30 minutes, the
clamp was removed to restore hepatic blood
flow for 2 hours. The time point at which the
hepatic hilum was exposed was designated
T1. For rats in the P group, propofol was
infused 20 minutes prior to hepatic occlusion
(10mg/kg/hour) and until 2 hours after
reperfusion (T2). Rats in the I/R group
were infused with a similar volume of
normal saline at the same rate. All animal
procedures were approved by the Ethics
Committee of Changzhou First People’s
Hospital (reference no. 051968870201).

Measurement of plasma glucose levels

Blood samples (5 mL) were collected from
the inferior vena cava after exposure the
hepatic hilum (T1; n=10 in each group)
and 2 hours after reperfusion (T2; n=10
in each group). Serum glucose levels were
measured using the glucose oxidase
method, and the insulin secretion (IS;
IS = insulin/PG) and insulin resistance
(HOMA-IR; HOMA-IR =insulin*PG/
22.5) indices were calculated.®

Western blot analysis

Protein expression levels for IR and IRS-1
in skeletal muscle tissue were determined in
each group at T2. In brief, tissues were
frozen in liquid nitrogen and placed at
—86°C. The frozen tissues were then cut,
lysed, and centrifuged. Protein concentra-
tions were determined from the superna-
tants. Proteins were denatured and then
electrophoresed on a 6% polyacrylamide
gel, transferred to membranes, and blocked.
The membranes were incubated with anti-
rat IRB or IRS1 antibody (Cell Signaling
Technology, Danvers, MA, USA) overnight
at 4°C. Next, the membranes were washed
and incubated with diluted affinity-purified
secondary antibody at 37°C. Membranes
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were washed and then incubated with chro-
mogenic substrate trace AB solution. Bands
were visualized using a Gel Pro-Analyzer
(JEDAZ3.3, Jiangsu, China), and the optical
density of the immunoreactive bands was
calculated. The ratio of each protein band
to an internal reference was then calculated.

Phosphorylation levels of IRS-1 in the
two groups were determined at time T2.
Rats were injected with saline (0.5mL,
containing 107> mol/L insulin) through the
portal vein. Skeletal muscle tissue was har-
vested after 30 seconds and the tissues were
cut, lysed, and centrifuged. Supernatants
were immunoprecipitated using anti-IRf or
anti-IRS-1 antibodies for 2 hours and the
immune complexes were incubated with pro-
tein G agarose beads. After washing, the
immune complexes were electrophoresed,
transferred to membranes, and immunoblot-
ted with primary and secondary antibodies
as described above. Tyrosine phosphoryla-
tion levels of IRB and IRS1 (Tyr-IRB and
Tyr-IRS1) were measured as described
previously.’

Statistical analysis

SPSS for Windows, version 19.0 (SPSS Inc.,
Chicago, IL, USA) was used for statistical
analysis. Normal variables were presented as
mean + standard deviation (+5s). A mean
t-test or analysis of variance was used for

comparison of measurement data. A Chi-
square test, Fisher exact test, or rank
sum test was used for counting data.
Values of p<0.05 were considered statisti-
cally significant.

Results

Plasma glucose and insulin levels

The plasma glucose (PG) levels, IS, and
HOMA-IR were significantly increased in
both groups at T2 compared with Tl
(P <0.01). T2 serum glucose levels in
the I/R group were significantly than
those in the P group (P <0.05), while
insulin levels and IS at T2 were reduced
(P<0.05) (Table 1).

Changes in the hepatic insulin signal
transduction pathway

The results from western blot assays
showed that there were no significant differ-
ences in IRB and IRS-1 skeletal muscle
expression levels between the two groups.
However, immunoprecipitation and west-
ern blot analysis showed that the expression
levels for Tyr-IRB and Tyr-IRS1 in the I/R
group were decreased by 32.1% (P <0.01)
and 22.4% (P<0.01), respectively, com-
pared with the P group (Figure 1).

Table I. Changes in PG, insulin, IS, and HOMA-IR at TI and T2 in the I/R and P groups.

Group Point I/R P

PG (mmol/L) TI 491+£0.73 4.57 +0.54
T2 10.92 4+0.94°¢ 9.79+0.81°

Insulin (plU/L) Tl 39.11 +£15.48 38.38+7.08
T2 3493 +4.75* 38.99 + 491

IS TI 7.75+226 8.40 + 1.13
T2 3.08+£0.16°* 3.98£0.39°

HOMA-IR TI 9.02 +4.87 7.89+2.18
T2 1651 +3.27° 17.07 +3.29°

O1.7 < 0.0l Compared with TI; ’p < 0.05 Compared with the P group.
PG, plasma glucose; IS, insulin/PG; HOMA-IR, insulin*PG/22.5; I/R, ischemia-reperfusion.
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Figure 1. Change in the expression of proteins involved in the hepatic insulin signal transduction pathway.
After I/R treatment, western blotting was performed to determine the expression of IRf, IRSI, Tyr-IRf3, and
Tyr-IRSI (1A). Arbitrary units are counted in 1B and IC.

Discussion

During liver surgery, the hepatic portal vein
is occluded to reduce bleeding.'® However,
ischemia-reperfusion injury induced by
hepatic blockage and its subsequent release
can lead to liver damage.'' Our study
showed that rats in the I/R group had sig-
nificantly higher levels of serum glucose,
which may be attributable not only to neu-
rological and endocrine changes after sur-
gery but may also be associated with
inflammatory factors such as TNF-a and
IL-6, which are implicated in the insulin sig-
naling pathway.'>!*

Reducing high serum glucose levels after
HIRI had attracted clinical attention. The
present study demonstrated that propofol
administration significantly attenuated the
increase in serum glucose levels observed

following HIRI. Compared with rats in
the I/R group, propofol treatment
improved Tyr-IRB and Tyr-IRS1 expres-
sion levels, which may have led to the
reduction in serum glucose observed in the
P group. IRP and IRS-1 are the main insu-
lin signaling proteins in skeletal muscles.
Studies have shown that insulin-mediated
citrate metabolism is through the P13K
pathway. Any signaling dysfunction in this
pathway may reduce the biological effects
of insulin and hence result in insulin
resistance.' '3

Activated Kupffer cells (KCs) are the
primary source of free radicals and cyto-
kines, and previous studies have shown
that rat hepatic KCs are activated during
the first hour of hypoxia.'®!” Propofol pre-
treatment may attenuate KC activation
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during reoxygenation.'® Reactive oxygen
species (ROS) are increased during HIRI
and studies have demonstrated that ROS
may induce various forms of insulin resis-
tance.'” The use of antioxidants is believed
to represent an effective treatment for insu-
lin resistance.’®?' As a commonly used
intravenous anesthetic, propofol has a
strong antioxidant capacity, and may
improve the antioxidant capacity of red
blood cells and tissues in rats.**** Our
study demonstrated that tyrosine phos-
phorylation levels of Tyr-IRB and Tyr-
IRS1 in the P group were higher than
those the I/R group, indicating that an
improvement in insulin signaling may
result in reduced hyperglycemia.

The neurological and endocrine changes
induced by surgical stress were responsible
for the increase in blood glucose levels in
rats in the two groups. Propofol reduced
the increase in blood glucose levels induced
by HIRI. We hypothesize that propofol
improves blood glucose levels by modulat-
ing IRPB and IRS phosphorylation levels.
Our study demonstrates that propofol
may represent an attractive therapeutic
option for the prevention and treatment of
hyperglycemia induced by HIRI.

Declaration of conflicting interest

The authors declare that there is no conflict of
interest.

Funding

The author(s) disclosed receipt of the following
financial support for the research, authorship,
and/or publication of this article: This work
was supported by research funding from the
First People’s Hospital of Changzhou [grant
number QN201925].

ORCID iD

Chen Chen (@ https://orcid.org/0000-0003-0504-
3213

References

1.

10.

11.

. Saltiel

Konishi T and Lentsch AB. Hepatic ische-
mia/reperfusion: mechanisms of tissue
injury, repair, and regeneration. Gene Expr
2017; 17: 277-287.

. Chen CF, Leu FJ, Chen HI, et al. Lack of a

protective effect of insulin on three
reperfusion-liver injury models in rats and
mice. Transplant Proc 2006; 38: 2221-2225.

. Misal US, Joshi SA and Shaikh MM.

Delayed recovery from anesthesia: a post-
graduate educational review. Anesth Essays
Res 2016; 10: 164—172.

. Dupont J and Scaramuzzi RJ. Insulin signal-

ling and glucose transport in the ovary and
ovarian function during the ovarian cycle.
Biochem J 2016; 473: 1483-1501.

. Younis NN, Shaheen MA and Mahmoud

MEF. Silymarin preconditioning protected
insulin resistant rats from liver ischemia-
reperfusion injury: role of endogenous
H2S. J Surg Res 2016; 204: 398—409.

. Zhou L, Wang LL and Hu XH, et al. PTEN

in propofol-induced insulin resistance in
mouse primary hepatocytes. Exp Ther Med
2018; 16: 4831-4835.

. Bellanti F, Mirabella L, Mitarotonda D,

et al. Propofol but not sevoflurane prevents
mitochondrial dysfunction and oxidative
stress by limiting HIF-lo activation in
hepatic ischemia/reperfusion injury. Free
Radic Biol Med 2016; 96: 323-333.

AR and Pessin JE. Signaling
pathway in insulin action: molecular targets
of insulin resistance. J Clin Invest 2000; 106:
165-169.

. Liu C, Wang X, Chen Z, et al. Hepatic

ischemia-reperfusion induces insulin resis-
tance via down-regulation during the early
steps in insulin signaling in rats. Transplant
Proc 2008; 40: 3330-3334.

Yu S, Bo T and Hou B, et al. Surgery strat-
egy of 13 cases to control bleeding from the
liver on laparoscopic repeat liver resection
for recurrent hepatocellular carcinoma.
J Minim Access Surg 2019; 15: 214-218.
Olthof PB, van Golen RF and Meijer B,
et al. Warm ischemia time-dependent varia-
tion in liver damage, inflammation, and
function in hepatic ischemia/reperfusion


https://orcid.org/0000-0003-0504-3213
https://orcid.org/0000-0003-0504-3213
https://orcid.org/0000-0003-0504-3213

Journal of International Medical Research

12.

13.

14.

15.

16.

17.

injury. Biochim Biophys Acta Mol Basis Dis
2017; 1863: 375-385.

Yuan J, Chen MH and Xu QY, et al. Effect
of the diabetic environment on the expres-
sion of MiRNAs in endothelial cells: Mir-
149-5p restoration ameliorates the high
glucose-induced expression of TNF-alpha
and ER stress markers. Cell Physiol
Biochem 2017; 43: 120—-135.

Zhang MH, Feng L and Zhu MM, et al. The
anti-inflammation effect of Moutan Cortex
on advanced glycation end products-induced
rat mesangial cells dysfunction and High-
glucose-fat diet and streptozotocin-induced
diabetic nephropathy rats. J Ethnopharmacol
2014; 151: 591-600.

Yao H and Han X. The cardioprotection of
the insulin-mediated PI3K/Akt/mTOR sig-
naling pathway. Am J Cardiovasc Drugs
2014; 14: 433-442.

Liem M, Ang CS, and Mathivanan S.
Insulin mediated activation of PI3K/Akt sig-
nalling pathway modifies the proteomic
cargo of extracellular vesicles. Proteomics
2017; 17: 23-24.

Hsieh CH, Nickel EA and Hsu JT, et al.
Trauma-hemorrhage and hypoxia differen-
tially influence kupffer cell phagocytic
capacity: role of hypoxia-inducible-factor-
lalpha and phosphoinositide 3-kinase/Akt
activation. Ann Surg 2009; 250: 995-1001.
Taniai H, Hines IN and Bharwani S, et al.
Susceptibility of murine periportal hepatocytes

19.

20.

21.

22.

23.

to hypoxia-reoxygenation: role for NO and
Kupffer cell-derived oxidants. Hepatology
2004; 39: 1544-1552.

. Sung EG, Jee D and Song IH, et al. Propofol

attenuates Kupffer cell activation during hyp-
oxia-reoxygenation. Can J Anaesth 2005; 52:
921-926.

Katwal G, Baral D and Fan X, et al. SIRT3
a major player in attenuation of hepatic
ischemia-reperfusion injury by reducing
ROS via its downstream mediators: SOD?2,
CYP-D, and HIF-lalpha. Oxid Med Cell
Longev 2018; 2018: 2976957.

Ahmed MA, Mohamed MA and Rashed
LA, et al. Rice Bran Oil improves insulin
resistance by affecting the expression of anti-
oxidants and lipid-regulatory genes. Lipids
2018; 53: 505-515.

Giudice A, Crispo A and Massimiliano G,
et al. Metabolic syndrome, insulin resis-
tance, circadian disruption, antioxidants
and pancreatic carcinoma: an overview.
J Gastrointestin Liver Dis 2014; 23: 73-77.
Runzer TD, Ansley DM and Godin DV,
et al. Tissue antioxidant capacity during
anesthesia: propofol enhances in vivo red
cell and tissue antioxidant capacity in a rat
model. Anesth Analg 2002; 94: 89-93.
Romuk EB, Szczurek W and Novak PG,
et al. Effects of propofol on the liver
oxidative-antioxidant balance in a rat
model of Parkinson’s disease. Adv Clin Exp
Med 2016; 25: 815-820.



	table-fn1-0300060519894450
	table-fn2-0300060519894450

