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Abstract

Background: Opioids are amongst the most common abused drugs. Pathologic studies on opioid abuse are
limited since the evaluation of inflammation and regeneration in brain tissue is not as simple as other tissues
of the body. Thus, the present study aimed to determine the relationship between the dependence on
morphine and inflammatory and regenerative processes.

Methods: In this experimental study, 48 male wistar rats were divided into 6 groups. The dependent groups
(3 groups) received 0.4 mg/ml morphine in drinking water for 7, 28, and 56 days. The control groups
(3 groups) received sucrose solution in drinking water for the same period. The histopathological studies of
the brain sample were done. The slides were stained by hematoxylin and eosin (H&E) and
immunohistochemistry (IHC) staining method. The areas of brain were evaluated in terms of lymphocytic
infiltration and glial scar.

Findings: A significant difference was observed in the mean number of cells in the glial scar of the dependent
group 3 (dependent for 56 days) among the control group (P = 0.040). Further, a significant relationship was
reported between the increased duration of morphine use and the number of created scar glial cells.
Furthermore, a significant increase in the number of astrocytes was observed in the affected areas.

Conclusion: After long-term use, opioids can result in increased number of astrocytes and creating glial scar
centers in the affected areas in response to the inflammation.
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Inflammation and Regeneration in Rat Brain

Introduction

Opioids such as morphine and heroin are
considered as common abused substances.!
According to the international reports, Iranian
adults have the highest worldwide rate of opioid
addiction as high as 2.8%.? However, morphine is
the most common analgesic agent used for
moderate to severe pains.! A large number of
studies have been conducted on different organs
indicating tissue injury and induced necrosis by
inflammatory =~ phenomenon  and  fibrosis.
Neurological system may involve the most severity
since it is regarded as the first affected organ.

So far, different studies have empahasized the
adverse effects of opioids on the brain, leading to
some biochemical alterations and radiological
changes.#® However, pathological studies on
opioids abuse have been less considered since the
evaluation of inflammation and regeneration in
brain tissue is not as simple as other body tissues.
Obviously, brain tissue exposed to morphine is
different from normal brain tissue due to
metabolic, receptor, genetic, and environmental
factors.”8 In addition, different neuronal effects
have caused the long-term use of morphine
leading to neuronal injury.* The number of
documents  indicating persistent cognitive
disorders in patients using opioids is increasing.t
Based on animal studies, chronic morphine
exposure results in creating some significant
neurological alterations although they failed to
recognize the small effects on brain tissue.’

Chronic neuroinflammation usually occurs
due to brain infections, autoimmune diseases,
brain traumatic injuries, and toxic metabolites.1
The last one is related to responsible etiology in
morphine intoxication. In chronic inflammation
site in the brain, the glial cells are aggregated and
the B and T lymphocytes are observed in inflamed
region if blood-brain barrier is injured.’” The use
of immunohistochemistry (IHC) staining is crucial
since glial cells’ nuclei, especially
oligodendrocytes, are similar to lymphocytes!? for
confidence from lymphocyte presence and perfect
estimation of inflammatory cells. Leukocyte
common antigen (LCA, CD45) is a common
confident marker for distinguishing inflammatory
markers.’> However, tissue regeneration is
different and astrocyte proliferation is observed in
injury location as glial scar.* Routine staining
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cannot differentiate between astrocytes and glial
cells, and glial fibrillary acidic protein (GFAP) has
been used to demonstrate the glial scar in a large
number of studies.’>17 In addition, GFAP is one of
the five most common medium cytoplasmic
filaments (MW48000-52000) which are observed
in active normal cells and neoplastic astrocytes.!3

Preventing  brain tissue damage by
inflammation inhibitor mechanisms is possible if
the damage related to brain tissue is due to
induced inflammation and healing while using
opioid drugs chronically. Thus, the present study
aimed to determine the relationship between
morphine dependence with inflammatory and
regenerative processes.

Methods

In this experimental study, the paraffin blocks
from brain tissues of 48 16-month-old male Wistar
rats with mean weight of 230 g were evaluated.
Animals were stored according to food and
biological conditions of European Community
Guidelines. The study was conducted in six
groups of 8 rats, among which 3 received
water-soluble morphine powder for 7, 28, and 56
days, respectively. Regarding three control
groups, the 0.3% sucrose solution was used for 7,
28, and 56 days, respectively.

The dependence procedure was as follows: the
7-day group with 04 mg/ml morphine was
exposed to drinking water for 7 days. In the
28-day group, 0.1 mg/ml morphine was placed in
drinking water for the first 48 hours by increasing
0.1 mg/ml per 48 hours, which raised to
0.3 mg/ml in the sixth day continuing with
0.4 mg/ml up to 28" day. In the third group, the
initiation was similar to the second group and
continued with maximal dose of 0.4 mg/ml up to
the end of 56t day. In order to have better
tolerance of morphine taste, the sucrose was
added to drinking water in all groups (3 g per liter).
Since a majority of morphine effects was relieved by
naloxone, it was used to establish the dependence.
10% of the rats were randomly selected in the
second and third groups and 2 mg/kg naloxane was
injected and assessed for withdrawal symptoms at
21t day of the study including head and limb
tremor, jerking, diarrhea, agitation, eyelid ptosis,
body stretching, and teeth rubbing. The morphine
dependence was enough when there were four
symptoms or more during 20 minutes.
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In addition, the animals were anesthetized
with ether and killed with formalin heart injection
at the end of each period. Then, the brain was
removed carefully after craniotomy. For the
purpose of blindness, all samples attained code by
generating random numbers and were referred
for histopathological assessment. In order to
provide a similar sampling location, the specimens
were prepared with 5 mm thickness from
3.2-3.7 mm after bregma for frontal region and
3.2 mm before bregma for parietal cortex and
hippocampus. The code was received with blind
assessment after the slides were stained with
IHC method.

Regarding the fixation, the samples were
inserted in 10% formalin solution and the solution
was exchanged once. The tissue was processed
with Duplex tissue processor (Shandon-Elliot
Ltd., USA). Then, dehydration was done during
five stages including one-hour 50° alcohol, one-
hour 50° alcohol, one-hour 70° alcohol, one-hour
90° alcohol, one-hour 100° alcohol, and one-hour
100° alcohol. Clearing was conducted during two
stages of one hour, each one with xylol. Further,
the embedding was done with paraffin 1.5-hour
and two-hour stages. Furthermore, blocking was
conducted in the melted paraffin. Then, they were
transferred to freezed store. Among the blocks,
three 4-microne cuts were attained on glass slides.
In addition, the paraffin was removed from the
slides. Intracellular peroxidase activity was
arrested with 1% HxO, and 1% solution in
phosphate-buffered saline (PBS) for 30 minutes. In
the next stage, the antigen was recovered by
incubating the slides in 10 mmol citrate sodium in
100 °C for 30 minutes in microwave device.

Staining was conducted by hematoxylin and
eosin (H&E) stain. The first and second xylol stage
lasted for 3-5 minutes. Furthermore, one-hour
50° alcohol, one-hour 50° alcohol, one-hour
70° alcohol, one-hour 90° alcohol, one-hour
100° alcohol, and one-hour 100° alcohol were
used. Distilled water was used several times.
Then, hematoxylin was used for 5-15 minutes.
Additionally, pipe water was used to wash and
alcohol-acid was used with intermittent washing
by pipe water. The lithium carbonate was used up
to blue staining of the cut. The eosin was used for
1-3 minutes after washing by water pipe for
15 minutes. In the next stage, alcohols with
different degrees from 96 t0100 degrees were used
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for several times. Finally, xylol was used for three
times within three minutes.

Polyclonal antibody against GFAP and CD45
(Dako Corp., Carpinteria, California, USA) was
used nighttime in 4 °C. Then, the slides were
incubated with PBS after washing for the purpose
of biotinylation with secondary immunoglobulin
G (IgG) antibody for 30 seconds in room
temperature. In addition, the Vectastain Elite
ABC-peroxidase kit (Vector  Laboratories,
Burlingame, California, USA) was used for
reticular staining. Finally, the slides were
mounted with Gel/Mount (Biomeda Corp., Foster
City, California, USA).

Additionally, the slides were assessed by
Olympus CH30 microscope through amplifying
for 400 times. Then, the ocular microscope was
added to calculate the pathological criteria such as
glial scar diameter. The pathological criteria were
lymphocyte infiltration in three different samples
of brain tissue including frontal cortex, parietal
cortex, and hippocampus. The count was assessed
with power 400 and the mean was recorded when
there were lymphocytes. Glial scars as astrocyte
aggregation in the injured regions were evaluated
in three different parts.

The data were analyzed by SPSS software
(version 12, SPSS Inc., Chicago, IL, USA). Mann-
Whitney-U, independent samples t-test, one-way
analysis of variance (ANOVA), and Bonferroni
post-hoc tests were used to comapre the means
between three different samples of brain tissue
including frontal cortex, parietal cortex, and
hippocampus and the significance level was
considered to be 0.050.

Results

As shown in table 1, no significant difference was
observed between the glial scars across the groups
(P >0.050).

Table 1. Glial scars across three groups

Groups Count (percent) P

1 Dependent 2 (25.0) >0.999
Control 2 (25.0)

2 Dependent 4 (50.0) 0.500
Control 3(37.5)

3 Dependent 5 (62.5) 0.300
Control 2 (25.0)

Despite a lack of difference in the number of
glial scars (P > 0.050), a significant difference was
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observed between the dependent and control
subgroups in group 3 (P = 0.040), indicating the
role of longer time in higher count of glial scars.
In addition, as illustrated in figure 1, no
statistically significant difference was observed
between the three groups (P = 0.080).

95% CI glial scar number

o
1

T T T
1 2 3

Groups
Figure 1. Number of glial scars across the groups

As shown in table 2, the mean diameters of
glial scars were not significantly different between
the dependent and control groups and across the
dependent groups (P > 0.050). Histologic finding
are shown in figure 2.

Table 2. Glial scar diameters across three groups
Group Mean + SD P

1 Dependent 30.0+£7.0 0.870
Control 35.0+3.3

2 Dependent 325+6.4 0.720
Control 275+35

3 Dependent 32.0+5.7 0.650
Control 30.0+3.2

SD: Standard deviation
Discussion

This study showed that long-term use of opioids
in rats would lead to damage in brain tissue as
response to inflammation. Based on the results of
different studies, brain aging can result in altering
biochemical and signal transduction. In addition,
the brain tissue affected by morphine is
significantly different from the normal tissues.” In
another study on elderly patients, Hamzaee
Moghaddam et al'® reported asignificant
difference in Alzheimer incidence between addict
and non-addict groups, possibly due to higher
susceptibility of elderly exposed to opioids.

Addict Health, Summer 2018; Vol 10, No 3

N

) k.
Figure 2. A: Histology of rat brain; B: Hematoxylin
and eosin (H&E) staining (magnification x100 in both);
C: H&E staining (magnification x400), arrows show
glial scar; D and E: Immunohistochemistry (IHC)
staining for glial fibrillary acidic protein (GFAP)
(magnification x400), astrocytes show positive
reaction in glial scar.

Further, Malekpour Afshar et al.!” investigated
brain histopathological alterations in addict aged
rats and reported a significant neuronal cell
reduction in frontal and temporal regions among
opium-addicted rats. Thus, neurotoxic morphine
effects lead to neuronal apoptosis. Furthermore, a
significant reduction occurred in hippocampal
neurons involved in memory functions. In addition,
Lyoo et al? reported a decrease in prefrontal and
temporal gray matter density in opiate dependence.

As it was already mentioned, few studies have
been conducted on the pathological effects of
opioid abuse. Regarding the lack of similar
studies in this area, the present study was
performed to assess the inflammation process as a
trigger for tissue injury. In this regard, the IHC
staining was wused for confidence from the
presence or absence of lymphocytes and definite
measurement of inflammatory cells.

The regeneration markers in brain tissue are
completely  different and the astrocyte
proliferation is available in injury site called “glial
scar” instead of fibroblasts.’* Routine staining is
not able to differentiate between astrocytes and
glial cells, and GFAP was used to demonstrate the
glial scar in a large number of studies.!>17

Conclusion

Based on the results, after long-term use, opioids
can damage brain tissue in the form of the
increased number of astrocytes and the creation of
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glial scar centers in the affected areas in response
to the created inflammation. These changes are
more severe in chronic substance abuse and may
indicate the neurotoxic effects of morphine.
Further, due to changes in the brain tissue at
different levels with aging,?' the present study
was conducted on the brain of old rats and the
results on frontal, parietal, and hippocampus
lobes of the brain, which are the most sensitive

References

1.

10.

Bao G, Kang L, Li H, Li Y, Pu L, Xia P, et al.
Morphine and heroin differentially modulate in vivo
hippocampal LTP in opiate-dependent rat.
Neuropsychopharmacology 2007; 32(8): 1738-49.
United Nations Office on Drugs, and Crime
(UNODC). World drug report 2010. New York, NY:
United Nations; 2010.

Borne J, Riascos R, Cuellar H, Vargas D, Rojas R.
Neuroimaging in drug and substance abuse part 1I:
Opioids and solvents. Top Magn Reson Imaging
2005; 16(3): 239-45.

Boronat MA, Garcia-Fuster MJ, Garcia-Sevilla JA.
Chronic morphine induces up-regulation of the
pro-apoptotic Fas receptor and down-regulation of
the anti-apoptotic Bcl-2 oncoprotein in rat brain. Br J
Pharmacol 2001; 134(6): 1263-70.

Sklair-Tavron L, Shi WX, Lane SB, Harris HW,
Bunney BS, Nestler EJ. Chronic morphine induces
visible changes in the morphology of mesolimbic
dopamine neurons. Proc Natl Acad Sci U S A 1996;
93(20): 11202-7.

Pezawas LM, Fischer G, Diamant K, Schneider C,
Schindler SD, Thurnher M, et al. Cerebral CT
findings in male opioid-dependent patients:
Stereological, planimetric and linear measurements.
Psychiatry Res 1998; 83(3): 139-47.
Bierczynska-Krzysik A, Bonar E, Drabik A, Noga
M, Suder P, Dylag T, et al. Rat brain proteome in
morphine dependence. Neurochem Int 2006; 49(4):
401-6.

Martin M, Hurley RA, Taber KH. Is opiate addiction
associated  with  longstanding  neurobiological
changes? J Neuropsychiatry Clin Neuroscience
2007; 19(3): 242-8.

Kivisaari R, Kahkonen S, Puuskari V, Jokela O,
Rapeli P, Autti T. Magnetic resonance imaging of
severe, long-term, opiate-abuse patients without
neurologic symptoms may show enlarged
cerebrospinal spaces but no signs of brain
pathology of vascular origin. Arch Med Res 2004;
35(5): 395-400.

Gendelman HE. Neural immunity: Friend or foe? J
Neurovirol 2002; 8(6): 474-9.

160

Iranpour et al.

brain areas'® when faced with injury, may be
related to more vulnerability of elderly patients to
opioid compounds.

Conflict of Interests

The Authors have no conflict of interest.

Acknowledgements

None.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

http://ahj.kmu.ac.ir,

't Hart BA, den Dunnen WF. Commentary on special
issue: CNS diseases and the immune system. J
Neuroimmune Pharmacol 2013; 8(4): 757-9.

Ellison D, Cardao Chimelli LM, Harding B, Lowe
LS. Neuropathology: A reference text of CNS
pathology. 3 ed. Philadelphia, PA: Mosby; 2013.
Rosai J. Rosai and Ackerman's surgical pathology
e-book. Philadelphia, PA: Elsevier Health
Sciences; 2011.

Kumar V, Abbas AK, Aster JC. Robbins basic
pathology e-book. Philadelphia, PA: Elsevier Health
Sciences; 2012.

Hu R, Zhou J, Luo C, Lin J, Wang X, Li X, et al.
Glial scar and neuroregeneration: Histological,
functional, and magnetic resonance imaging analysis
in chronic spinal cord injury. J Neurosurg Spine
2010; 13(2): 169-80.

Rolls A, Shechter R, Schwartz M. The bright side of
the glial scar in CNS repair. Nat Rev Neurosci 2009;
10(3): 235-41.

Huang L, Wu ZB, Zhuge Q, Zheng W, Shao B,
Wang B, et al. Glial scar formation occurs in the
human brain after ischemic stroke. Int J Med Sci
2014; 11(4): 344-8.

Hamzaee Moghaddam A, Yasemi MT, Seyfaddini
RA. Case-control study to detect relationship
between opium addiction, cigarette smoking and
Alzheimer disease [Thesis]. Kerman, Iran: Kerman
University of Medical Sciences; 1998. [In Persian].
Malekpour Afshar R, Seyfaddini R, Koohpayehzadeh
Esfahani E, Nakhaee N, Eslammanesh T. Opium
Dependency and Histopathologic Changes of Brain in
Rat. J Rafsanjan Univ Med Sci 2010; 9(4): 273-80.
[In Persian].

Lyoo IK, Pollack MH, Silveri MM, Ahn KH, Diaz
Cl, Hwang J, et al. Prefrontal and temporal gray
matter density decreases in opiate dependence.
Psychopharmacology (Berl) 2006; 184(2): 139-44.
Hammelrath L, Skokic S, Khmelinskii A, Hess A,
van der Knaap N, Staring M, et al. Morphological
maturation of the mouse brain: An in vivo MRI and
histology investigation. Neuroimage 2016; 125:
144-52,

Addict Health, Summer 2018; Vol 10, No 3

06 July



DOI: http://dx.doi.org/10.22122/ahj.v10i3.651 Vesnu Publication

(o G a3 39 3 43 (o 390 &) Slire (3130 (S g0 o 9O a0 T 9 e (g

HLaS) yer o Loy 1350 (T (guwl (95 iy j j380 T (g3 i 00135 35 Buuo i85 MU jauil o o 5o

by dlo
cuS>

£gan =\.».~o) )b g_gu)?l?.vla Sldlas J.afju;c )l)ﬁ L.?’j)b oolau! £ g ¢)9A aS Sl L:L».S).v U”)”b’l'“ 4.1.o> )‘ “5;»59.‘.:‘ g_)L».»S).o :MJ&.&
iR 9% s yaen iy cleal ple L,;oL,; 4 Grre CBL o PUUS AP Sledl ‘_,’_.,Ll)')l as L?-Q] kil MLGQ Sgdzo b Lm.\:,.,‘%l 8 yao
2005 el (coe 5 9 (el Slaiy, 5 (b )90 4 (Sasly G LI oy Saa L 5>

2 S e 1Y (09,5 a) atly sloeg 5 ol s (LaSG 09,8 (i 4y Sl g ol 5 alime (hge FA (20 aslllae (nl ot hg,
el Ol 5o 59,8k Jolre 523 (09,5 an) wall sloog 5 4y ais S 2dl o 59, 0F 9 YAV (sl | (Gonelt] ©f 5o (890 2 o
Gl S glen By, 4 budlul 85 Djpso e Gladised 59 2 Soidplgtans Slllas ad sl alie Sae ol
285 )18 bl s,5e JLIS SISl 5 gt ZLad | Ll 5l g 0,5 (55l Sy condigianngiges] 9 (H&E L Hematoxylin and Eosin)

ab esaline ol sals 09,5 L (g, 0F Gow ) ¥ atwdly 09,5 j0 JUIS Il slaygils sl (oSibe Llod 51 (g )lo sine gles :AiEL
ils gz g o dlowl LIS ISl sl gilS slass b (18,90 B yae loy e iulidl oo LLS I 51 Sl oleasl ¢ yiean (P =</ )

Sgr 0ol BB oass el (Hlg 0 55 cewg il (sla Jgle dlaws axgs BB o8l (ol ogdle

g odel 3925 b Ol 4y Fraly 50 (g cnl 5o JLIS IS

e G bae (b )9e (condigiandoiol he tglS il

4 dlixo ‘_ﬁ“)bw dl.bws.o R0 40 oy g ULQJJ‘ Wy Loy Hlidl jeSle iy gawl gl (Bus (i 03NS ) quape Hesil ] !8[?)‘
AOFAEY A(F) Ve YAV oM g sl dowe o comm gl gios] (g y &1 (a8 490

AVIVIYY 1o oy & ,b APNYNF bl yo & ,0

OlrlglesS lo)S (b pole olitily ¢ S 03Kl (5593l 09)5 5 (ool sla ke 9 (5593l laiod 1 5e Lokl -
Olnl eoleyS lo)S (S pole olSils o Sibjy 08l (555l 09,5 5 o3l slaJshs 5 (559l Dldod S po ¢ Sl —Y
el elesS cless (S pole ol o S5 035513 (553l 09,5 5 (ot (sloJsbo 5 (33l i 35 o kil -

Email: malekpour@kmu.ac.ir SLadl yeSla Loy 58 1) ghume Dkiuunt 3
Addict Health, Summer 2018; Vol 10, No 3 161

http://ahj.kmu.ac.ir, 06 July


http://dx.doi.org/10.22122/ahj.v10i3.651
mailto:malekpour@kmu.ac.ir
https://orcid.org/0000-0001-8749-8080
https://orcid.org/0000-0002-7325-9692

