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Abstract

Background: Co-administration of opioid agonists and antagonists at low doses has been reported to significantly enhance and/or
prolong the analgesic effects and reduce or prevent tolerance to or dependence on opioids.

Objectives: The current study aimed at evaluating the naloxone effect on morphine-induced histopathological and hematologic
changes in rats.

Materials and Mehods: Thirty mature male Wistar rats were categorized into three groups (n =10) in a random manner, including
the control group receiving normal saline, the morphine-sole group receiving morphine (5 mg/kg/day), and morphine + nalox-
one group receiving morphine and naloxone (5 and 0.4 mg|kg/day, respectively). After 50 days, the levels of alanine aminotrans-
ferase (ALT), alkaline phosphatase (ALP), triglyceride (TG), aspartate aminotransferase (AST), cholesterol, and high-density lipopro-
tein (HDL) were measured in the serum. Moreover, the levels of superoxide dismutase (SOD), catalase (CAT), malondialdehyde (MDA),
and glutathione peroxidase (GPx) were measured to assess the serum antioxidant capacity. Histopathological changes were inves-
tigated via hematoxylin and eosin, Masson’s trichrome, and periodic acid-Schiff staining. Inter-group comparisons were made by
GraphPad Prism software using one-way ANOVA and Tukey’s test.

Results: The animals in the morphine + naloxone group showed higher AST, ALP, ALT, and CAT levels in comparison with the con-
trol and morphine-sole groups (P < 0.05). Our findings revealed no changes in the cholesterol, TG, SOD, and GPx levels among the
groups (P> 0.05). However, the morphine-sole group exhibited higher serum levels of HDL compared with the controls (P < 0.05).
The morphine-sole group showed fibrosis, local necrosis, immune cell infiltration, and diminished intra-cytoplasmic carbohydrate
storage.

Conclusions: The findings suggest that apart from unchanged serum markers, morphine can potentially induce hepatotoxicity,
and at the same time, naloxone is able to ameliorate morphine-induced histopathological damages.
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1. Background

Opioids are widely used as potentially effective nar-
cotic analgesics for pain management. The liver is
the main organ for morphine biotransformation and/or
metabolism (1).
the liver and leads to direct and/or indirect cytotoxicity,
immunoreactivity, oxidative stress, and oncogenic alter-
ations (2). A high dose of morphine (45 - 50 mg/kg)
could potentially increase the alanine aminotransferase

Morphine is rapidly metabolized in

(ALT) and aspartate aminotransferase (AST) content in the
plasma 4 - 5 h post-administration (3).
In line with earlier research, most recent studies on an-

imal models have shown that morphine at different con-
centrations can significantly affect the plasma levels of in-
flammatory biomarkers, such as ALT, alkaline phosphatase
(ALP),and AST (4-7). For instance, morphine can potentially
induce hepatotoxic derangement when administrated at
weekly increasing doses. In another study by Samarghan-
dianetal. (4), morphine, under the aforementioned condi-
tions, could relatively up-regulate the serum levels of ALT
and AST in rats.

Morphine triggers the formation of reactive oxygen
species (ROS) and free radicals and results in oxidative
stress in the liver (8-10). Morphine also increases the apop-
tosis of hepatocytes through inducing severe oxidative
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stress (11). In addition, chronic administration of mor-
phine changes the serum levels of triglyceride (TG), choles-
terol, urea, and glucose under normal and inflammatory
conditions (12). However, concurrent use of opioid ago-
nists with opioid antagonists (at low doses) has been re-
ported to significantly increase the analgesic efficacy and
perhaps reduce or thwart tolerance and dependence. Sim-
ilarly, naloxone at low doses can potentially bind to opioid
receptors (13-15).

According to a previous study, the prevalence of nausea
during postoperative treatment reduced in groups receiv-
ing an admixture of morphine and naloxone (16).

2. Objectives

The present study aimed at characterizing the effects
of naloxone on morphine-mediated cytotoxicity. For this
purpose, the serum levels of AST, ALP, and ALT were mea-
sured to identify the effects of naloxone on morphine-
induced hepatic inflammation. Moreover, by measuring
the oxidative stress markers of serum, including cata-
lase (CAT), superoxide dismutase (SOD), malondialdehyde
(MDA), and glutathione peroxidase (GPx), the protective ef-
fects of naloxone on oxidative stress were examined fol-
lowing morphine administration. Finally, hematologic
factors, including serum low-density lipoprotein (LDL),
TG, and cholesterol, as well as liver histopathological
changes, were studied to determine whether naloxone can
inhibit morphine-induced histopathological and hemato-
logic changes.

3. Materials and Methods

3.1. Chemicals

Morphine sulfate (10 mg/mL) was provided by
Daropakhsh Co. (Tehran, Iran) and naloxone hydrochlo-
ride by Caspiantamin Co. (Tehran, Iran). The commercial
kits for assessing the levels of TG, cholesterol, HDL, ALP, ALT,
and AST were purchased from Pars Azmoon Co. (Tehran,
Iran). Also, the commercial kits for SOD and GPx (Ransel
and Ransod) were provided by Randox (BT29, Crumlin,
UK). Cayman Chemical (Ann Arbor, MI, USA) provided
the CAT assay kit, and other chemicals were commercial
products of an analytical grade.

3.2. Experimental Animals

Male Wistar rats (230 g-260 g) were accommodated in
standard cages with suitable ventilation and temperature

ina12:12 hdark-light cycle. With free access to standard diet
and water, they were accustomed to the laboratory condi-
tions for two weeks. All animals were handled humanely
based on ethical guidelines, protocols, and procedures of
animal experimentation. The local committee for safety
and careful handling of animals also approved the proto-
col (approval code: IR.UMSU.Rec.1395.211).

3.3. Animal Groups and Treatment Protocol

Thirty mature male Wistar rats were categorized into
three groups (n =10) in a random manner: control group
(group 1) receiving normal saline, morphine-sole group
(group 2) receiving morphine (5 mg/kg/day), and mor-
phine + naloxone group (group 3) receiving morphine and
naloxone (5 and 0.4 mg/kg/day, respectively) (17, 18). All
chemicals were administered subcutaneously for 50 con-
secutive days. Finally, the rats were euthanized following
anesthesia with xylazine (5 mg/kg; intraperitoneally (IP))
and ketamine (40 mg/kg; IP) (Alfasan, Woerden, Nether-
lands)(19).

3.4. Collection of Blood and Tissue Samples

Following euthanasia, blood samples from the heart
were immediately collected. Next, serum samples were
prepared by centrifugation for 15 min at 3500 rpm and
stored at -20°C. Moreover, a midline incision was made,
and liver samples were dissected under controlled condi-
tions. Finally, they were fixed in formalin 10% for 72 h.

3.5. MDA and Antioxidant Capacity Assessment

The serum MDA level was assessed based on the thio-
barbituric acid reaction (CAS 504-17-6, Merck, Germany)
(20), and serum levels of SOD and GPx were evaluated ac-
cording to the kit protocols.

3.6. Assessment of ALT, AST, HDL, and ALP Levels

The serum levels of ALT, AST, HDL, ALP, cholesterol, and
TG were evaluated based on Pars Azmoon commercial kits’
instructions.

3.7. Histological Examination

Previously fixed tissues were dehydrated with ascend-
ing degrees of alcohol and paraffin-embedded. Next, his-
tological sections (5 #m) were cut using a rotary micro-
tome (model: 2218 HistoRange, Sweden), and hematoxylin
and eosin staining was carried out. The periodic acid-Schiff
(PAS) staining method was also used to analyze changes in
the intra-cytoplasmic carbohydrate storage (21). Moreover,
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Masson’s trichrome staining, a specific staining method
for collagens, was conducted to investigate possible liver fi-
brosis(22). Finally, the sections were analyzed underalight
microscope (Olympus, BH2, Japan) equipped with an on-
board camera (Cyber-Shot, Zeiss, Japan).

The images were entered in Adobe Photoshop CS10
(Adobe System Inc., CA, USA). Pixel-based analyses were run
using Image-Pro-Insight version 9.00 (Media Cybernetics,
Rockville, USA). Histopathological changes were scored as
follows: 0: no change, 1+ : faint change, 2 + : moderate
change, 3 +: moderate to intensive change, and 4 +: inten-
sive change. Moreover, all histological analyses were per-
formed by one examiner.

3.8. Data Analysis

Values are presented as mean + SEM. GraphPad Prism
version 7.0 was used for one-way ANOVA and Tukey’s test
for inter-group comparisons. The level of significance was
setat 0.05.

4. Results

4.1. Effect of Naloxone on Morphine-Induced Changes in HDL,
TG and Cholesterol Levels

The results showed that the experimental groups
(morphine-sole and morphine + naloxone) were not signif-
icantly different from the controls in terms of most param-
eters (P> 0.05). The statistical analysis indicated no signif-
icant difference between the morphine-sole and morphine
+ naloxone groups (P > 0.05). However, the morphine +
naloxone group showed significantly lower levels of serum
HDL (26.50 £ 9.47 mg/dl) compared with the morphine-
sole group (67.85 = 8.30 mg/dl; P < 0.05), while there was
no significant difference between the control group (P >
0.05; Figure 1).

4.2. Effect of Naloxone on Hepatic Enzyme Activities

The effects of morphine-sole and morphine + naloxone
treatments on the serum levels of hepatic enzymes were as-
sessed biochemically (Figure 2). No significant difference
was observed in the serum AST, ALT, or ALP levels between
the morphine-sole and control groups (P > 0.05). How-
ever, the serum levels of these parameters significantly im-
proved when morphine was co-administrated with nalox-
one (morphine + naloxone group).
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4.3. Effect of Naloxone on Antioxidant Markers

The morphine-sole (7.96 + 1.73 nmol/min/r) and mor-
phine + naloxone (23.75 £ 5.69 nmol/min/r) groups had
significantly higher serum CAT content in comparison
with the controls (1.73 £ 0.78 nmol/min/r; P < 0.05). The
morphine + naloxone group exhibited a more significant
up-regulation. However, no significant differences were
found in the serum GPx or SOD between the experimen-
tal (morphine-sole and morphine + naloxone) and control
groups (Figure 3).

4.4. Protective Effects of Naloxone Against Morphine-Induced
Histopathological Changes

The light microscopic analysis indicated the normal
distribution of intact hepatocytes, with one or two nor-
mal spherical-shaped nuclei in the control group. More-
over, the central veins showed a circular outline. However,
morphine-sole treatment resulted in severe central vein di-
lation and immune cell infiltration in perivascular connec-
tive tissues. Also, degenerative nuclei, unrecognizable de-
generated cells, and hepatic necrosis were detected in the
morphine-sole group. In contrast, cross-sections collected
from the morphine + naloxone group exhibited remark-
able amelioration of histopathological changes. There-
fore, nuclei degeneration, immune cell infiltration, central
vein dilation, and local necrosis significantly decreased in
the morphine + naloxone group (Figures 4A and B).

4.5. Effect of Naloxone on Morphine-Induced Fibrosis

The cross-sections collected from the morphine-sole
group showed intense fibrosis. On the other hand, nalox-
one could fairly ameliorate morphine-induced fibrosis. Ac-
cordingly, cross-sections collected from the morphine +
naloxone group showed significantly lower collagen de-
position compared with the morphine-sole group (not
shown).

4.6. Effect of Naloxone on Intrahepatocellular Carbohydrate De-
position

For examining the effects of morphine-sole and nalox-
one treatment on the intrahepatocellular carbohydrate de-
position, the PAS staining technique was used, and the
PAS+ reaction was estimated based on software analy-
ses. Our observations demonstrated significantly lower in-
tracellular carbohydrate accumulation in the morphine-
sole group than the controls. However, co-administration



PeirouviTet al.

High Density Lipoprotein (HDL)
80 b 100 -
80 a
60
= — 60 -
S o ; )
= a g 40 -
20 4
\ 20
0. & . . 0
Con M-sole M+N Con

Cholesterol Triglyseride
a 100 a
a a
a 80
= 60
=
I
£ 40
20
v 0 .
M-sole M+N Con M-sole M+N

Figure 1. Mean alterations in serum high-density lipoprotein (HDL), cholesterol, and triglyceride in different groups. Values are expressed as mean 4= SEM. Diverse superscripts

represent significant differences (P < 0.05).
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Figure 2. Mean serum alanine aminotransferase (ALT), alkaline phosphatase (ALP), and aspartate aminotransferase (AST) activities in different groups. Values are expressed

as mean =+ SEM. Diverse superscripts represent significant differences (P < 0.05).

of naloxone (morphine + naloxone) remarkably ampli-
fied the morphine-induced carbohydrate withdrawal (Fig-
ure 5A and B). In order to minimize visual errors, pixel-
based intensity analysis was conducted. Animals in the
morphine-sole group showed significantly lower PAS+ re-
action intensity compared with the control and morphine
+naloxone groups.

5. Discussion

Our findings demonstrated that naloxone + morphine
co-administration significantly decreased the morphine-
mediated increase in HDL content. However, no significant
changes were found in the serum cholesterol and TG lev-
els in the groups. Also, the serum ALT, AST, and ALP levels
increased in the morphine + naloxone group. Naloxone
significantly up-regulated the serum CAT level, while the
serum levels of MDA, SOD, and GPx did not significantly
change in the morphine-sole and morphine + naloxone
groups. Finally, morphine administration resulted in im-
mune cell infiltration, nuclei degeneration, vasodilation,
necrosis, and fibrosis in liver tissues. Although naloxone

had no effects on serum parameters, it could fairly inhibit
morphine-induced histopathological damages (23, 24).

Morphine can temporarily diminish blood pressure
while up-regulating the level of blood glucose and most
blood lipids in a time-dependent manner. Moreover, the
long-term use of morphine negatively affects these param-
eters and initiates and/or promotes aggravated diabetes,
dyslipidemia, and hypertension (25, 26). It should be noted
that morphine indirectly reduces stomach-intestine move-
ment and affects the homeostasis of cholesterol and HDL
through this mechanism leading to fattyliver and corticos-
terone secretion (12).

In this study, we evaluated hematological factors, in-
cluding serum lipid profile. The morphine-treated animals
showed significantly up-regulated serum levels of HDL,
while the serum cholesterol and TG did not change signif-
icantly compared with the controls. In contrast, the mor-
phine + naloxone group showed a significant decrease in
the serum HDL level, with no change in other parameters.
Therefore, we can suggest that 0.4 mg/kg/day of naloxone,
when co-administrated with morphine (5 mg/kg/day), can
converse the morphine-induced effects on the serum HDL
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Figure 3. Mean alterations in serum catalase (CAT), superoxide dismutase (SOD), malondialdehyde (MDA), and glutathione peroxidase (GPx) in different groups. Values are
expressed as mean =+ SEM. Diverse superscripts represent significant differences (P < 0.05).

level. In other words, morphine (at least at the adminis-
trated dose) does not affect the serum cholesterol and TG
levels, while it can up-regulate the serum HDL level, possi-
bly due to disruption in HDL hemostasis.

On the other hand, based on our findings, we can sug-
gest that naloxone (even at the mentioned dose) could
down-regulate the morphine-induced increase in HDL,
possibly due to the amelioration of HDL homeostasis. Ear-
lier studies have shown that morphine increases the serum
cholesterol level in animals with inflammatory conditions
compared with normal and healthy animals (12). Concern-
ing cholesterol and TG levels, since animals in this study
were physiologically intact and no experimental inflam-
mation was considered, morphine and naloxone did not
affect the serum TG or cholesterol.

Considering the stimulatory effects of morphine on in-
flammatory enzyme activities in the liver, we measured the
serum ALP, AST, and ALT levels. Biochemical analyses indi-
cated a slight increase in the serum ALP, AST, and ALT lev-
els in the morphine-sole group, which was insignificant.

Int ] High Risk Behav Addict. 2020; 9(3):¢100594.

Naloxone caused a significant increase in the serum lev-
els of hepatic enzymes than the morphine-sole and control
groups. Our findings regarding the effect of morphine on
the serum levels of these enzymes are contrary to previous
reports indicating the stimulatory effect of morphine on
ALP, AST, and ALT activities (27-29).

It should be noted that the administrated dose of mor-
phine in the current study was lower (5 mg/kg/day) in
comparison with other investigations (10 and 20 mg/kg).
Therefore, concerning the lower dose of morphine in our
study, we can suggest that higher doses of morphine
and/or longer exposure are necessary to characterize the
impact of morphine on inflammatory enzymes. The ex-
act naloxone-mediated effects on inflammatory enzymes
should be evaluated in future studies. Based on our results,
these two agents could exert synergic effects on hepatic in-
flammatory enzyme activities, at least at the administered
doses (5 and 0.4 mg/kg/day of morphine and naloxone, re-
spectively).

According to several reports, acute and chronic mor-
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Figure 4. Cross-sections of the liver tissue; A, Normal hepatocytes, sinusoids, and central vein in the control group. The photomicrographs prepared by hematoxylin and eosin
staining of the morphine-sole group represent severe inflammation, necrosis, and hepatitis. The morphine + naloxone group presented ameliorated condition with normal
sinusoids, central vein, and hepatocytes; B, histopathological pattern for central vein dilation (vasodilation), immune cell infiltration and degeneration of hepatocytes nuclei
in five cross-sections from each group. No vasodilation and immune cell infiltration were found in the control group.

phine exposures may result in oxidative stress by down-
regulating the activities of SOD, CAT, and GPx (30, 31). For
evaluating the possible effects of naloxone and morphine
co-treatment on the serum levels of antioxidant enzymes,
we evaluated the levels of GPx, SOD, and CAT. According to
the results, neither morphine nor naloxone could affect
GPx or SOD. However, naloxone in the morphine + nalox-
one group could significantly up-regulate the serum CAT
levels.

Additionally, the serum level of MDA was evaluated in

the current study. Our findings indicated a higher MDA
content in the morphine-sole group in comparison with
the morphine + naloxone group. Although these differ-
ences were not statistically significant, morphine could po-
tentially up-regulate lipid peroxidation, and an increase in
dose and/or exposure time would fairly imbalance the an-
tioxidant and oxidant systems. We also showed that nalox-
one could improve the antioxidant activity, at least by up-
regulating the CAT level.

According to previous findings, chronic and acute ex-

Int ] High Risk Behav Addict. 2020; 9(3):e100594.
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posures to morphine potentially result in hepatotoxicity,
immunoreactivity, and genotoxic damages (2, 4). There-
fore, we investigated the histopathological changes in the
liver. The light microscopic analyses showed that naloxone
in the morphine + naloxone group significantly amelio-
rated the morphine-induced nuclear degeneration, necro-
sis, fibrosis, vasodilation, and immune cell infiltration.
Moreover, we found a significant intra-hepatocellular car-
bohydrate withdrawal in the morphine-sole group. Ac-
cording to previous reports, morphine is able to enhance
the blood glucose level (12, 23, 24). Therefore, it can be sug-
gested that morphine up-regulates blood glucose by dis-
charging the hepatic carbohydrate content; severe carbo-
hydrate withdrawal confirms this theory.

Overall, although chronic exposure to morphine (5
mg/kg/day) did not significantly change the serum antiox-
idant and hepatic enzyme levels, it could fairly induce
hepatotoxic effects. Therefore, serum markers, including
antioxidant enzymes, hepatic enzymes, and lipid profiles
(cholesterol and TG) are not appropriate parameters to
confirm the possible adverse effects of morphine on liver
tissues. Moreover, naloxone, even at the administrated
dose in this study, was able to protect liver tissues against
morphine-induced damage, apart from its boosting effect
on hepatic enzyme activities.

5.1. Conclusions

Our findings showed that morphine and naloxone co-
treatment did not change the level of serum markers,
such as GPx, SOD, cholesterol, and TG in rats. Meanwhile,
naloxone, when co-administrated with morphine, could
reduce the morphine-induced increase in HDL level and
up-regulate hepatic enzyme activity. Moreover, it was
found that apart from unchanged serum markers, mor-
phine could potentially induce hepatotoxicity, and at the
same time, naloxone was able to ameliorate morphine-
induced histopathological damages. Based on our find-
ings, it can be suggested that serum markers do not fully
represent the detrimental effects of morphine and amelio-
rative effects of naloxone on liver tissues. However, further
studies are needed to uncover the precise mechanism of
naloxone effects on morphine-induced hepatotoxicity at
cellular and molecular levels.
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