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Abstract
Background

Hepatic ischemia-reperfusion injury (IRI) is a common phenomenon after liver transplantation and liver
tumor surgery. Morphine provides analgesia and prevents hepatic IRI. Besides morphine in the spinal cord
has the protective effect on hepatic IRI. But the mechanism has not been well characterized. This study
investigated whether morphine administrated intrathecally mimic the protective effect by reducing
in�ammation, and whether this kind of effect was mediated by phosphatidylinositol-3-kinase (PI3K)/Akt
pathway.

Methods

We established models of hepatic IRI and intrathel catheter insertion on Sprague-Dawley. Morphine was
administrated 10min prior hepatic ischemia �owed with 6h reperfusion. Serum alanine aminotransferase
(ALT) and aspartate aminotransferase (AST), histological changes and liver cell apoptosis assessed liver
IRI. Similar maneuvers were repeated using the optimal dose and opioid receptor antagonist naloxone
methiodide (NM). Serum ALT and AST, histological staining, hepatic apoptosis and serum levels of tumor
necrosis factor alpha (TNF-α) and interleukin 1β (IL-1β) were assessed. Expression of Akt and its
downstream protein Erk were evaluated by Western blotting.

Results

Morphine pretreatment intrathecally at dose of 10μg·mg -1 reduced ALT and AST levels, hepatic
apoptosis, in�ammation and preserved liver structure. These changes were partially reserved by NM
10min prior morphine injection. Morphine elevated the expression of Akt and Erk, however, NM did not
decrease Akt and Erk expression.

Conclusion

Intrathecal morphine pretreatment reduced rats’ livers’ in�ammation through both peripheral and spinal
opioid receptors activation. The potential mechanism contributed to moderate PI3K/Akt pathway.

Background
The long-term interruption of blood �ow following reperfusion results in a lack of oxygen and injury to
hepatocytes, which is called hepatic ischemia-reperfusion injury (IRI). IRI is a common phenomenon in
patients who undergo liver surgery such as for transplantation, tumor resection or trauma[1].
In�ammation and neutrophil recruitment are critical in hepatic IRI[2]. During the ischemia phase, Kupffer
cells produce in�ammatory cytokines such as tumor necrosis factor alpha (TNF-α) and interleukin 1β (IL-
1β), which together with reactive oxygen species lead to hepatocyte apoptosis and necrosis[3]. When
blood re�ows after a long interruption, recruited neutrophils aggressive hepatocytes directly. Numerous
methods are reported to attenuate hepatic IRI including ischemic pretreatment, ischemic postconditioning
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and medication pretreatment [4–7]. To treat all patients in clinics and set up more e�cient therapeutic
methods, more clinical studies are required

Neural axis analgesia is a common technique used for patients undergoing abdominal surgery [8]. As a µ
opioid receptor agonist, morphine provides analgesia via both intravenous and intrathecal routes.
Intrathecal morphine pretreatment has been showed to protect myocardial IRI [9, 10]. Our previous study
has demonstrated intrathecal morphine pretreatment (MPC) is necessary to have protective effects for
hepatic IRI[6]. However, the related mechanisms of intrathecal MPC on hepatic IRI remain to investigate.
Studies report that remifentanil, another selected opioid receptor agonist, attenuates hepatic IRI by
modulating dorsal vagal complex activation[1] or IL-18 signaling[11]. The molecular structure of
remifentanil limits its intrathecal administration. Thus, as the opioid agonist, morphine was
administrated intrathecally. And we hypothesis intrathecal morphine pretreatment for hepatic IRI is
related to modulate in�ammatory responce.

The phosphatidylinositol-3-kinase (PI3K)/Akt pathway promotes cell survival by regulating downstream
proteins, including extracellular signal-regulated kinase (Erk)[12]. The Akt pathway is an objective
therapeutic for treating hepatic IRI. It is also essential for balancing hepatocyte survival and
apoptosis[13]. Therefore, identifying the role of Akt in intrathecal morphine pretreatment is important.

In this study, we aimed to determine whether morphine administration intrathecally prevented hepatic IRI
by reducing in�ammatory. We also evaluated if spinal opioid receptors were involved in effects. The
mechanism related to intrathecal morphine pretreatment was determined.

Methods
Animals

Male Sprague-Dawley rats (250-300g) were from the animal laboratory center of Shanghai Jiaotong
University, School of Medicine (Shanghai, China). Animal experiments were subject to approval by the
Animal Care and Use Committee of Shanghai Jiaotong University, Shanghai, China. Rats were housed
separately and given free access to food and water and exposed to 12-h light and dark cycles with room
temperature at 21 ±2℃.

Intrathecal catheter insertion

Before intrathecal catheter insertion, rats were injected with 50mg·kg-1 of pentobarbital intraperitoneally.
Skin was dealt with entoiodine. A 4-cm piece of polyethylene (external radius 40mm and internal radius
20mm) was placed through a tiny puncture from the atlanto-occipital membrane to the thoracic spinal
cord. Wounds were closed with 3-0 silk sutures. Rats recovered for at least 3 days and were orally given
meloxicam for analgesia daily. Rats displaying neurological disability symptoms were excluded.

Hepatic ischemia reperfusion injury model
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After administering 50mg·kg-1 pentobarbital intraperitoneally for anesthesia, liver lobes were exposed by
midline laparotomy. Right branches of portal veins and hepatic arteries were clamped for 1h for complete
interruption of blood �ow to the right and caudate lobes. Clamps were removed and livers perfused for
6hs. At baseline and end of refusion, 1- to 2-ml blood samples were collected from cava veins. At the end
of reperfusion periods, ischemic liver lobes were collected, washed with cold phosphate-buffered saline
and dried. Caudate lobes were �xed in 10% formalin, embedded in para�n, and cut into 4-μm sections for
staining. Remains of other lobes were stored at -80℃ for immunoblots. Rats were euthanized with
pentobarbital anesthesia.

Rat groups and experimental protocols

To determine the effects of morphine pretreatment, rats were randomly divided into 4 groups (6 rats per
group): (1) IRI, rats with hepatic IRI; (2) MPC1, morphine 0.1μg·mg-1 was administered intrathecally 10
mins before IRI; (3) MPC2, morphine 1μg·mg-1 was intrathecally administered 10 mins before IRI; and (4)
MPC3, 10μg·mg-1 was administered intrathecally 10 mins before IRI. To investigate if opioid receptors in
the center nerve system were involved in morphine pretreatment effects, the restricted peripheral opioid
receptor antagonist naloxone methiodide [14] (NM, 50mg·mg-1, Sigma-Aldrich, St Louis, MO, USA) was
used 20 mins before IRI. Another set of rats was randomly divided into 4 groups (6 rats per group): (1) IRI;
(2) MPC, optimal protective morphine dosage (lowest Suzuki criteria, see below); (3) MPC+NM group, NM
(50mg·mg-1) injected 10 mins before optimal protective morphine dose and 10 mins before IRI; and (4)
NM group, NM (50mg·mg-1) administrated intravenously 20 mins before IRI.

Histopathological examination and immunohistochemistry

Liver samples were stained with hematoxylin-eosin (H&E). All histological examinations were evaluated
blindly by a pathologist who identi�ed hepatic IRI severity using Suzuki criteria: no changes in sinusoidal
congestion, hepatocyte vacuolation and necrosis was 0; severe congestion, vacuolation and more than
60% necrosis was grade 4.

Assessment of apoptosis

Apoptosis of liver samples was examined by transferase-mediated deoxyuridine triphosphate nick end-
labeling method (TUNEL, In Situ Cell Detection, Roche Biochemicals, Mannheim, Germany). Positive
apoptotic cells were calculated as percent of total hepatocytes in 30 random high-powered �elds
(magni�cation: 200X). For apoptotic cell signaling, expression of cleaved caspase-3 was detected by
western blots.

Measurement of serum aminotransferase

Blood samples were collected at baseline, ischemia and 6 hs after reperfusion time points. Serum alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) were measured with commercial kits
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(Wako Pure Chemical Industries Ltd., Tokyo, Japan) by 7180 autobiochemistry analyzer (Hitachi, Tokyo,
Japan).

Enzyme linked immunosorbent assay (ELISA) of TNF-α and IL-1β

Blood samples were collected 6hs after reperfusion and centrifuged at 12,000 x g at 4℃ for 15 mins.
Supernatants were transferred to fresh tubes. Serum TNF-α and IL-β was measured using manufacturers'
instruction for ELISA kits (R&D System, Minneapolis, MN, USA).

Western blots

Liver samples (50mg) were homogenized with lysis buffer (20mM Tris-HCl, 150mM NaCl, 1 mM EDTA, 1%
Triton, 2.5mM sodium pyrophosphate, 1 mM beta-glycerophosphate, 1mM Na3VO4, 1μg·mg-1 leupeptin;
Cell Signaling Technology, Inc, Danvers, MA, USA). Concentration was determined by bicinchoninic acid
protein assay kit (Pierce, Rockford, IL). 10% sodium dodecyl sulfate-polyacrylamide gels separated
proteins with molecular weight above 60kDa; 12% gels were used for proteins with molecular weight
below 60kDa. Proteins were transferred to polyvinylidene �uoride (PVDF) membranes and blocked in 5%
nonfat milk for 1h. PVDF membranes were incubated at 4℃ overnight with primary antibodies against
phospho-Akt (P-Akt, Ser473), total-Akt (T-Akt), phospho-Erk (P-Erk), total Erk (T-Erk), cleaved-caspase-3,
total-caspase-3, or GAPDH. All primary antibodies were from Cell Signaling Technology, Inc. (Danvers, MA,
USA). PVDF membranes were incubated with horseradish peroxide-conjugated secondary antibody (goat
anti-rabbit IgG, Merck Millipore, MA, USA) for 1h. Membranes were soaked in ECL buffer in a dark room.
Protein bands were analyzed using computer software (Quantity one, Bio-Rad Company, Hercules, CA,
USA). Results were described as the ratio of target to housekeeping protein GAPDH.

Statistical analysis

All results were presented as mean ± standard deviation. Analyses used GraphPad Prism 5.0 (San Diego,
USA). Multiple groups were compared with one-way analysis of variance followed by Turkey test.
Statistical differences were considered signi�cant if P values were less than 0.05.

Results
Total 80 rats were used for these experiments. Eight rats had the neurological dysfunction after
intrathecal catheter insertion and were excluded. A total 72 rats completed the studies with at least six
rats per group.

Intrathecal morphine pretreatment attenuated hepatic IRI and hepatocyte apoptosis

To examine if hepatic IRI was reduced by intrathecal morphine pretreatment, serum levels of ALT and AST
were detected and H&E staining performed. Hepatocyte apoptosis was examined by TUNEL staining and
expression of cleaved caspase-3. Serum ALT and AST were reduced by intrathecal morphine pretreatment
(MPC3, 10µg·mg− 1) at 6 hs after reperfusion compared with the IRI group (Fig. 1A). By H&E staining,
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intrathecal morphine pretreatment at dose 10µg·mg− 1 (MPC3) ameliorated liver structures and degree of
congestion and necrosis, which was also re�ected by Suzuki scores (Fig. 1B). Intrathecal morphine
pretreatment at 10µg·mg− 1 (MPC3) reduced the number of apoptotic liver cells (TUNEL staining, Fig. 1C)
and expression of cleaved caspase-3 (Fig. 1D). No dose-dependent effects were seen among intrathecal
morphine pretreatment groups with no differences in serum aminotransferase levels and hepatic
histological changes.

Effect of peripheral opioid receptor antagonist on hepatic IRI and apoptosis

To investigate the functions of opioid receptors in the central nervous system, the peripheral opioid
receptor antagonist NM was used. Pretreatment with NM before intrathecal morphine partially offset the
protective effects of morphine, including on serum aminotransferase level (Fig. 2A), histological score
(Fig. 2B), number of apoptotic liver cells (Fig. 2C) and expression of cleaved caspase-3 (Fig. 2D).

Hepatic IRI-induced in�ammation was reduced by intrathecal morphine pretreatment and partially
reversed by peripheral opioid receptor antagonist

To study the effect of intrathecal morphine pretreatment on in�ammatory cells and cytokines,
immunohistochemistry and ELISA were performed. Serum TNF-α and IL-β were suppressed by intrathecal
morphine pretreatment (Fig. 3). IL-β level was decreased by intrathecal morphine, but no signi�cant
differences were observed compared with the IRI group. Bene�cial effects were partially reversed by NM
pretreatment before intrathecal morphine.

Akt phosphorylation after hepatic IRI was upregulated by intrathecal morphine pretreatment but not
changed by peripheral opioid receptor antagonist

To evaluate the mechanism of intrathecal morphine pretreatment on IRI, expression of Akt ant its
downstream protein Erk was determined by western blots. Intrathecal morphine pretreatment (10 µg·mg− 

1) signi�cantly increased expression of P-Akt at Ser 473 (Fig. 4A). As a downstream protein of Akt, P-Erk
was upregulated by intrathecal morphine pretreatment (10µg·mg− 1, Fig. 4B). Compared with the MP
group, NM pretreatment before morphine did not decrease expression of P-Akt. No differences in P-Akt
were seen between the IRI and NM groups (Fig. 4A, 4B).

Discussion
Hepatic IRI is an important issue in our clinical work. We have an interest in the bene�ts of morphine
pretreatment for hepatic IRI. No studies reported on the effect of morphine via an intrathecal route. In our
study, morphine intrathecal pretreatment showed protection against hepatic IRI. The optimal morphine
dose was 10µg·mg− 1. At 10µg·mg− 1, morphine pretreatment signi�cantly preserved hepatocyte structure
and reduced liver apoptosis and serum liver enzymes. These experiments showed that intrathecal
morphine decreased in�ammatory responses. With the peripheral opioid antagonist NM, intrathecal
morphine still attenuated hepatic IRI, indicating that the peripheral and the spinal opioid anticipated
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morphine protective effects. We found that the mechanism of the effect of intrathecal morphine
pretreatment on hepatic IRI might be through the PI3K/Akt pathway because intrathecal morphine
increased phosphorylated Akt and its downstream protein Erk. These results indicated that intrathecal
morphine had protective effects on hepatic IRI.

Investigating the effects of opioids on hepatic IRI via an intravenous route is common. For example, Yang
et al. demonstrated that intravenous remifentanil reduces hepatic IRI via a nitric oxide system [15].
Remifentanil also was found to reduce hepatocyte apoptosis (Zhao et al [16]) and suppress IL-18
signaling (Liu et al [11]) to prevent hepatic IRI. In our previous study, intravenous morphine, another opioid
receptor agonist, had protective effects similar to remifentanil [6]. In clinical work, opioid can be
administered via intravenous or intrathecal routes. Doses of intrathecal opioids are much less than
intravenous doses. Intrathecal methods could signi�cantly reduce opioid dosages. In 2018, Cui et al.
reported that central opioid receptors might be involved in the protective effects of remifentanil because
the effect was reversed by cutting the dorsal vagal complex. However, whether central opioids anticipated
this protective effect had not been investigated. Unlike remifentanil, morphine can be injected
intrathecally. In our study, intrathecal morphine reduced haptic IRI by decreasing histological scores,
hepatocyte apoptosis and liver enzyme release. The optimal protective dose of intrathecal morphine was
10µg·mg− 1.

The peripheral opioid receptor antagonist NM did not completely suppress intrathecal morphine
bene�cial effects, indicating that both peripheral and spinal opioid receptors might be activated by
intrathecal morphine. This result was different from the observation of Lingling et al., who found that NM
completely reversed intrathecal morphine bene�cial effects in rat hearts[17]. A possible reason might be
that opioid receptors exist in the liver [18] rather than the heart[17]. Morphine can diffuse across the
blood-brain barrier and spread to peripheral opioid receptors. However, this explanation seemed unlikely
as the concentration of morphine in peripheral was very low. In our previous study, a dose of peripheral
morphine 100µg·mg− 1 was necessary for protecting the liver from IRI [6], which was much higher than the
dose in this study. Another possible reason for our result might be related to endogenous opioid receptor
activation. Intrathecal morphine upregulated endogenous opioid expression, which is demonstrated to
have protective effects in cardiac IRI [19], to prevent hepatic IRI. However, intrathecal morphine
pretreatment might attenuate hepatic IRI through direct spinal opioid activation. Previous studies showed
that central opioid activation or intracerebroventricular morphine inhibits hepatic glutathione[20, 21].
Another study showed that intracerebroventricularly injected morphine prevents myocardial IRI by
increasing calmodulin. Thus, central opioid receptor activation might have participated in the protective
effects on peripheral organs. Our study con�rmed the hypothesis that intrathecal morphine pretreatment
prevented hepatic IRI, whereas peripheral opioid receptor antagonists did not totally inhibit this effect.
However, how intrathecal morphine modulates spinal opioid receptors needs to be studied in the future.

As described previously, hepatic IRI results in numerous in�ammatory pathways such as activation of
cytokines and in�ammatory cells. Wang et al. showed that morphine preconditioning activates
endopeptidase 24.11 to decrease expression of gp100MEL14 and intercellular adhesion molecule-1,
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providing myocardial protection[22]. Although morphine mediates anti-in�ammation peripherally, central
opioid receptor involvement by intrathecal morphine inhibits in�ammatory responses in rat paws[23]. In
our study, intrathecal morphine also reduced TNF-α and IL-β levels. Therefore, intrathecal morphine
attenuation of hepatic IRI might contribute to anti-in�ammatory effects.

Studies suggest that PI3K/Akt pathway activation is decisive against hepatic IRI[24]. Because morphine
upregulates Akt expression, we hypothesized that the mechanism of intrathecal morphine pretreatment
might be mediating the PI3K/Akt pathway[25]. We found that intrathecal morphine increased expression
of phosphorylated Akt and its downstream protein Erk. Pretreatment of peripheral opioid receptors with
NM did not abolish Akt phosphorylation. These results could be inferred to mean that Akt activation
participated in intrathecal morphine protection but was independent of opioid receptors. Whether Akt was
the essential protein in intrathecal morphine pretreatment remains to be determined using Akt inhibitors
in future studies.

Most studies focus on the protective effect of medication on hepatocytes. Our study demonstrated that
activation of opioid receptors in the spinal cord had similar bene�cial effects. However, we could not
determine the mechanism of opioids in spinal cord modulation of peripheral organ protection or if Akt
was essential in intrathecal morphine protection. Further studies are required to determine the underlying
mechanism of intrathecal morphine pretreatment.

In conclusion, our study demonstrated that intrathecal morphine pretreatment attenuated hepatic IRI and
the effects involve both peripheral and spinal opioid receptors. Furthermore, Akt might participate in
intrathecal morphine pretreatment anti-in�ammatory effects.

Conclusion
Intrathecal morphine pretreatment attenuated hepatic IRI via both peripheral and spinal opioid receptors
in rats.
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Figure 1

Intrathecal morphine pretreatment attenuates hepatic IRI. (A). Hepatocellular function at timepoints of
baseline, ischemia and 6 hours after reperfusion by serum ALT&AST(U/L). n=6, *p<0.05 compared with
IRI group; (B) H&E staining and Suzuki’s scores 6 hours after reperfusion. Original magni�cation 200x,
n=6, *p<0.05 compared with IRI group; (C) TUNEL staining 6 hours after reperfusion. The positive
apoptotic cells (brown cells) were calculated as a percentage of total hepatocytes in 30 random high-
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power �elds (original magni�cation 200x). n=6, *p<0.05 compared with IRI group, and **p<0.01 compared
with IRI group; (D) Intrathecal morphine at dose of 10μg·mg-1 reduces the expression of cleaved caspase-
3 6 hours after reperfusion. n=6, *p<0.05 compared with IRI group.

Figure 2

The effect of peripheral opioid receptor antagonist on hepatic IRI. (A). Hepatocellular function at
timepoints of baseline, ischemia and 6 hours after reperfusion by serum ALT&AST(U/L). n=6, *p<0.05
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compared with IRI group; (B) H&E staining and Suzuki’s scores 6 hours after reperfusion. Original
magni�cation 200x, n=6, *p<0.05 compared with IRI group; (C) TUNEL staining 6 hours after reperfusion.
The positive apoptotic cells (brown cells) were calculated as a percentage of total hepatocytes in 30
random high-power �elds (original magni�cation 200x). n=6, *p<0.05 compared with IRI group, and
**p<0.01 compared with IRI group; (D) The mean band density was normalized against GAPDH 6 hours
after reperfusion. n=6, *p<0.05 compared with IRI group. IRI, hepatic IRI only; MPC: intrathecal morphine
at dose of 10μg·mg-1 10 minutes prior IRI; MPC+NM: NM (50mg·mg-1) 10 minutes before intrathecal
morphine; NM: NM (50mg·mg-1) 20 minutes prior IRI.

Figure 3

In�ammatory cytokines expression in serum. Protein concentration of TNF-α and IL-1β were lower in MPC
groups, but higher in NM group, comparing with IRI group. n=6, *p<0.05 compared with IRI group. IRI,
hepatic IRI only; MPC: intrathecal morphine at dose of 10μg·mg-1 10 minutes prior IRI; MPC+NM: NM
(50mg·mg-1) 10 minutes before intrathecal morphine; NM: NM (50mg·mg-1) 20 minutes prior IRI.
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Figure 4

Intrathecal morphine pretreatment modulated Akt and its downstream protein Erk expression. A. the
expression of phosphorylated Akt (P-Akt) by Western Blotting. B. the expression of phosphorylated Erk (P-
Erk) by Western Blotting. Intrathecal morphine increased the expression of P-Akt and P-Erk. However, the
addition of NM did not affect morphine-induced Akt and Erk upregulation. n=6, *p<0.05 compared with IRI
group. IRI, hepatic IRI only; MPC: intrathecal morphine at dose of 10μg·mg-1 10 minutes prior IRI;
MPC+NM: NM (50mg·mg-1) 10 minutes before intrathecal morphine; NM: NM (50mg·mg-1) 20 minutes
prior IRI.
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