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ABSTRACT Keywc_)rds
Harmine is a harmal-derived alkaloid with antioxidant properties. The morphine Morphine,
- . . . . Harmine,
produces free radicals and plays a key role in the pathogenesis of kidney disease. Kidney

This study was designed to evaluate the effects of harmine against morphine-
induced damage to the kidneys of rats. In this study, 64 male rats were randomly
assigned to 8 groups: saline and morphine treated groups; harmine groups (5, 10, 15
mg/kg) and morphine + harmine treated groups (5, 10, 15 mg/kg). Treatments were
administered intraperitoneally daily for 20 days. The weights of the animals and
their kidneys, kidney index, glomeruli characteristics, thiobarbituric acid reactive
species, antioxidant capacity, kidney function indicators and serum nitrite oxide
levels were investigated. Morphine administration significantly improved kidney
MDA level, blood urea nitrogen (BUN), creatinine and nitrite oxide levels and
decreased glomeruli number and tissue FRAP level compared to the saline group (P
< 0.05). The harmine and harmine + morphine treatments at all doses significantly
reduced BUN, kidney MDA level, creatinine, glomerular diameter and nitrite oxide
levels and increased the glomeruli number and tissue FRAP level compared to the
morphine group (p < 0.05). It seems that harmine administration improved Kidney
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INTRODUCTION

Opioids produce free radicals and cause apoptosis in
some cell. Morphine is an opioid analgesic drug, and the
main psychoactive chemical in opium [1]. Morphine is ad-
dictive cause physiological dependence [2]. Oxidative stress
and an increase in lipid oxidase production occurs following
morphine injection and may lead to irreversible damage of
the cellular membrane [3]. Increased levels of oxidative
stress result in an imbalance in free radical generation and
antioxidant defense. This imbalance, in turn, results in the
oxidation of biomolecules and changes their structure and
function [4]. Long-term opioid use is associated with unde-
sirable consequences including renal function [5]. The in-
creased level of reactive oxygen species (ROS) causes oxi-
dative stress and induces DNA breakage. In turn, as particu-
lar proteins become deactivated, biological membranes de-
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generate [6]. The Kidney is the main metabolizing organ that
discharges toxins in the urine. The primary or secondary
discharge of some toxins and drugs may result in chronic
kidney disorders [7]. Morphine can increase albumin dis-
charge and proteinuria and cause kidney malfunction [8].
Antioxidant supplements and antioxidant-rich foods can re-
duce free radicals in the human body and decrease oxidative
damage [9]. Peganum harmala is a member of the Zygophyl-
laceae family. It grows in many countries in North Africa
and the Middle East. It contains alkaloids which are general-
ly found in its seeds and root [10]. Harmine and harmaline
are the most important alkaloids available in P. harmala that
have positive effects (11). The essence of this plant can be
used to treat bradycardia, decrease blood pressure, control
angiogenesis and has anti-allergic, anti-spasm and anti-
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adrenergic effects [12]. Traditional medicine has listed its
positive effects as being a soporific emmenagogue, appetite
inducer and antiparasitic [13]. Harmine is an active compo-
nent of P. harmala and an herbal alkaloid of the beta-
carboline family. It is extracted from P. harmala and is
known to have pharmacologic effects, especially as an anti-
oxidant [14]. It is a strong controller of tyrosine phosphory-
lation-regulated kinase (DYRK) and shows cytotoxic activi-
ty against tumor cells in the human body [15]. Harmine can
induce apoptosis and regulate transcription factors and pre-
inflammatory cytokines [16]. In addition, it can suppress
TNF-a activity as well as nitrite oxide production [17]. Ni-
trite oxide is a signaling molecule that plays a significant
role in biological systems. Morphine absorption in the body
appears to increase serum levels of nitrite oxide and oxida-
tive stress [18]. Morphine has a toxic effect and harmine has
advantageous properties [19]. No study has evaluated the
antioxidant effect of harmine on kidney damage induced by
morphine. The current study was designed to evaluate the
effect of harmine on Kkidney disorders and damage induced
by morphine in animal samples.

MATERIALS AND METHODS

Experimental Animals

A total of 64 male rats weighting 250-270 g were pur-
chased from Razi Institute (Iran). All the rats were housed in
plastic cages in a room at 23+2C°, under controlled envi-
ronmental conditions, a 12/12 h light/dark cycle with free
access to water and food. All investigations conformed to the
ethical and humane principles of research and were approved
by the Ethics Committee of Kermanshah University of Med-
ical Sciences (ethics certificate N0.1395.38) [6].

Protocol and treatments

A total of 64 male rats were randomly divided into 8
groups and 8 rats were placed in each group. The first group
was saline (control) group, which received normal saline
through intraperitoneal injection equivalent to the amount of
experimental groups. In the second Morphine group, Mor-
phine administered via interaperitoneally injecting (20
mg/kg once daily in the first five days and double per day in
the following five days. On the eleventh to twentieth day, a
dose of up to 30 mg /kg doubles each day) [5]. The third to
fifth groups included the harmine groups, in which each an-
imal respectively received 5, 10, and 15 mg/kg of harmine
once daily, intraperitoneally, on days 1-20 [20]. The sixth to
eighth groups include Morphine + harmine groups, in which
each animal on days 1-20, received 5, 10, and 15 mg/kg of
harmine once daily plus Morphine intraperitoneally.

Weight of rats, kidney and collection of blood serum

The body weight was measured at the onset and end of
the study. Animals of each group were placed one after an-
other in a plastic container in a packet of cotton covered with
Ether 24 hours. They were anesthetized due to inhalation of
ether fume. Venipuncture from the animals’ hearts (right
ventricle) was done. The blood sample was incubated for 15
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minutes at 37° C to clot. Then the clotted blood was centri-
fuged for 15 minutes at 3000 rpm until the serum was sepa-
rated. The separated serum was stored at the temperature of -
70° C for measurement of the nitrite oxide, creatinine and
blood urea nitrogen (BUN). The rats were then sacrificed.
The kidneys were removed and weighed on a microbalance
sensitive up to 0.001 mg (Precisa 125A; Switzerland) and
the average weights of the kidneys were calculated and rec-
orded [9].

Histological and morphometric analysis

The kidney was divided into two equal parts from the
middle by a cross-section after the samples were fixed by
10% formalin solution and washed. The central part was
immersed in 70% alcohol, and the process of tissue prepara-
tion was based on the conventional histology method. Serial
sections were prepared (5u thick) using a microtome
(EC350-2). Hematoxylin and eosin staining methods were
used to stain the nucleus purple and the cytoplasm pink. The
diameter and number of glomeruli were examined under an
Olympus BX-51T-32E01 microscope linked to a DP12 cam-
era with 3.34-million pixel resolution and Olysia Bio soft-
ware (Olympus Optical; Japan) [6].

Biochemical marker assays

The blood taken from the heart was incubated at 37°C for
15 min and centrifuged at 3000 rpm for 15 min to acquire
the serum. The serum samples were kept in a —20°C freezer.
Plasma samples were assayed for concentrations of creati-
nine and BUN using an autoanalyzer (RA 1000; Technicon
Instruments; USA) [21].

Griess technique

Griess technique uses zinc sulfate powder to eliminate
the serum protein of the samples. Accordingly, zinc sulfate
powder (6 mg) was mixed with serum samples (400 pl), and
vortexed for 1 min. After centrifuged the samples (10 min at
12,000 rpm), the supernatant was used to measure the nitrite
oxide. Briefly, 50 pl of sample was added to 100 pl of griess
reagent (Sigma; USA) and the reaction mixture was incubat-
ed for about 30 min at room temperature. The sample optical
density (OD) was measured by ELISA reader (Hyperion;
USA) at a wavelength of 450 nm according to manufacturer
protocol [1].

Ferric reducing/antioxidant
malondialdehyde (MDA) assays

To evaluation of oxidative stress, through performing
colorimetric analysis, the thiobarbituric acid reactive species
were measured by means of MDA as the last product of lipid
peroxidation in renal tissue. The renal antioxidant capacity
was measured by FRAP analyze. The FRAP substance was
contained of 1.5ml chloride ferric (Sigma, USA) and 30 ml
of acetate buffer (Sigma, USA). Serial concentrations of
FeSO..7H,0 (Sigma, USA) were used as an external stand-
ard [21].

power (FRAP) and
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Statistical analysis

Statistical comparisons among groups were investigated
via one-way analysis of variance (ANOVA), followed by the
LSD post hoc test. A value of P<0.05 was considered signif-
icant. The SPSS software (version 16.0, SPSS Inc, Chicago,
IL, USA). was applied for statistical analysis.

RESULTS

Weight of kidneys and animals

Harmine was shown to improve the animal weight and
kidney weight in animals treated at all doses compared to the
morphine group (P < 0.05). The mean animal and kidney
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weights no significant in animals treated with harmine at all
doses in comparison with the saline group (P > 0.05). The
mean animal and kidney weights decrease significantly in
animals treated with harmine + morphine at all doses in
comparison with the saline group (P < 0.05). The mean ani-
mal and kidney weights increased significantly in animals
treated with harmine and harmine + morphine at all doses in
comparison with the morphine group (P < 0.05). Moreover,
the effective dose of morphine significantly decreased the
mean animal and kidney weight compared to the saline
group (P < 0.05) (Fig. 1).
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Figure 1. Effect of morphine, harmine and harmine + morphine on weight of: (A) kidney; (B) animals; *Significant decrease in mor-
phine group compared to saline group (P < 0.05). **Significant increase compared to morphine group (P < 0.05). ***Significant in-
crease (compared to morphine group) and decrease (compared to saline group) for all harmine + morphine groups (P < 0.05).

Figure 2. Histological changes in kidneys (hematoxylin-eosin, x 400): (A) Normal kidney, saline group; (B) morphine group, increased
Bowman’s capsule space and glomerular shrinkage (blue arrow) and increased distal and proximal tubule diameter (black arrow); (C)
Normal kidney, harminel5 mg/kg group showing glomeruli with Bowman’s capsule and distal and proximal tubules; (D) normal kid-

ney structure in morphine + harmine 15 mg/kg group.
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Histological and morphometric analysis

Histological analysis showed normal kidney structure in
the saline and harmine treatment groups. After treatment
with morphine, the kidney showed evident changes and inju-
ry. These anomalies included an increase in the Bowman's
capsule, decrease in the number of glomeruli, intertubular
bleeding and enlarged diameters of the distal and proximal
tubules. Treatment with morphine + harmine at all doses,
reduced the kidney damage caused by morphine toxicity
(Fig. 2). Morphometric analysis revealed that morphine sig-
nificantly increased the mean diameter of the glomerulus
tubule and decreased the glomeruli number compared to the
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saline group (P < 0.05). Treatment with harmine significant-
ly increased the diameter of the glomeruli (P < 0.05) and no
significant in the number of glomeruli in all treatment
groups compared to the saline group (P > 0.05). Treatment
with harmine + morphine significantly decreased the number
of glomeruli (P < 0.05) and no significant in the diameter of
the glomeruli in all treatment groups compared to the saline
group (P > 0.05). Treatment with harmine and morphine +
harmine significantly decreased the diameter of the glomeru-
li and increased the number of glomeruli in all treatment
groups compared to the morphine group (P < 0.05) (Fig. 3).
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Figure 3. Correlation between treatment groups for (A) glomerular diameter; (B) glomeruli number. *Significant increase in morphine
group compared to saline group (p < 0.05). **Significant increase for all harmine groups compared to morphine and saline (in glomeru-
lar diameter) groups (p < 0.05). ***Significant increase (compared to morphine group) and decrease (compared to saline group) for all

harmine + morphine groups (p < 0.05).

A

120 *
100

BUN (mg/dl)

Groups

(=]
w
bt

Creatinine (mg/dl)

Groups

Figure 4. Effect of morphine, harmine and harmine + morphine on the mean kidney biochemical factors: (A) BUN (B) creatinine.
*Significant increase in biochemical factor in morphine groups compared to saline groups (P < 0.05). **Significant decrease in bio-
chemical factor for all of harmine groups compared to morphine groups (P <0.05). ***Significant decrease (compared to morphine
group) and increase (compared to saline group) in biochemical factors for all harmine + morphine groups (P < 0.05).
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Biochemical marker

Morphine (2.5 ml/kg) significantly increased the mean
plasma BUN and creatinine concentration compared to the
saline group (P < 0.05). The mean plasma BUN and creati-
nine concentration no significant in all harmine groups com-
pared to the saline group (P > 0.05). The mean plasma BUN
and creatinine concentration increased significantly in all
harmine + morphine groups compared to the saline group
(P< 0.05). The mean plasma BUN and creatinine concentra-
tion decreased significantly in all harmine and harmine +
morphine groups compared to the morphine group (P < 0.05)
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(Fig. 4).

Nitrite oxide

The mean nitrite oxide in the blood serum increased sig-
nificantly in the morphine (2.5 ml/kg) group compared to the
saline group (P < 0.05). The mean nitrite oxide in the blood
serum no significant in all harmine and harmine + morphine
groups compared to the saline group (P > 0.05). The mean
nitrite oxide in the blood serum decreased significantly in all
harmine and harmine + morphine groups compared to the
morphine group (P < 0.05) (Fig. 5).

Figure 5. Effects of harmine, morphine and harmine + morphine on mean nitrite oxide levels. *Significant increase in nitrite oxide in
morphine group compared to saline group (P < 0.05). **Significant decrease for all harmine groups compared to morphine group (P <
0.05). ***Significant decrease for all harmine + morphine groups compared to morphine group (P < 0.05).
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Figure 6. Comparison of morphine, saline and harmine + morphine groups of: (a) kidney MDA level; (b) tissue FRAP level.
*Significant increase in morphine group compared to saline group (p < 0.05). **Significant decrease for all harmine groups compared
to morphine group (p < 0.05). ***Significant decrease (compared to morphine group) and increase (compared to saline group) for all
harmine + morphine groups (p < 0.05). Significant decrease in morphine group compared to saline group (p < 0.05). f'Significant in-
crease for all harmine gorups compared to morphine group (p < 0.05). TtfSignificant increase (compared to morphine group) and de-
crease (compared to saline aroun) for all harmine + morphine aorups (b < 0.05).
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Oxidative Stress

The results of the oxidative Stress testing in the groups
showed that the kidney MDA level significantly increased in
the morphine group compared to the saline group (P < 0. 5).
Harmine decreased significantly the kidney MDA level in all
treatment groups compared to the morphine group (P <
0.05). The kidney MDA level decreased significantly in all
harmine + morphine groups compared to the morphine group
(P < 0.05). Similarly, morphine significantly decreased the
renal tissue FRAP level of the morphine group in compari-
son with that of the saline group (P < 0.05). Administration
of harmine significantly increased the FRAP level in the
kidney tissue in all harmine and harmine + morphine groups
compared to the morphine group (P < 0.05). Treatment with
harmine in all groups, no significant in the renal tissue
FRAPS and kidney MDA levels compared to the saline
group (p > 0.05). Treatment with harmine + morphine signif-
icantly increased the kidney MDA level (P < 0.05) and no
significant in the renal tissue FRAPS level in all treatment
groups compared to the saline group (P > 0.05) (Fig. 6).

DISCUSSION

Chronic kidney disease is a general health problem.
Morphine is an analgesic that is used clinically to alleviate
severe pains and plays a key role in the pathogenesis of kid-
ney disease [22]. Harmine is an herbal alkaloid from the
betacarboline family which is extracted from P. harmala and
different pharmacological effects [14]. The current study
evaluated the effects of harmine on disorders induced by
morphine in rats. The results, showed a significant decrease
in the weight of the kidney and the whole body of morphine-
receiving rats compared to the saline group. In the harmine +
morphine groups, there was a significant increase in the
weight of the kidney and whole body of the rats compared to
the morphine group. It appears that morphine releases do-
pamine, serotonin and y-amino butyric acid, suppresses the
appetite and increases metabolism [23]. Arany et al. showed
that prescribing morphine to rats with a high-fat diet signifi-
cantly decreased their body weight and BMI. This agrees
with the results of the current study [24]. It appears that
morphine causes metabolism-induced generation of free rad-
icals, lipid peroxidation, reacts with DNA and membrane
proteins and causes cell damage as the main cause of weight
and kidney index loss [1]. The results of Hamden et al. agree
the findings of the current study that P. harmala recovered
weight loss in rats treated with thiourea [25]. It appears that
harmine improved food absorption by bonding to receptors
such as mono amino oxidase (MAO-A), serotonin 2A and
kinase-dependent syncline and increased their weight and
kidney index [26]. In the current study, morphine alone in-
creased the diameter of the glomeruli and decreased the
number of glomeruli. In groups treated with morphine +
harmine, the diameter of the glomeruli decreased and the
number of the glomeruli increased significantly compared to
groups receiving only morphine. It appears that kidney glo-
meruli are very sensitive to oxidative stress (6). Morphine is
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a strong carcinogen that is oxidized into cotinine metabolites
largely in the liver, kidney and lung. Cotinine can play a
critical role in the pathogenesis of tissue injury [27]. It ap-
pears that morphine can induce cytochrome P450, produce
free radicals and generate oxidative stress in tissues [3]. Fat
peroxidation and the production of additional free radicals
can damage proteins and DNA, and can induce apoptosis in
kidney tissue cells [9]. The reduced mean diameter and
number of glomeruli are found in kidney function disorders.
ROS and proxy nitrite can intensify vascular and tubule
damage [6]. Jalili et al. reported that an increased concentra-
tion of cytosol calcium due to oxidative stress-induced mito-
chondrial damage in the cellular skeleton and interfered with
the metabolism of mitochondrial energy by activating prote-
ases, endonucleases and phospholipases, resulting in necro-
sis of tubular epithelial cells [28]. This agrees with the re-
sults of the current study. Because of its antioxidant effect,
it appears that harmine largely neutralized the effect of mor-
phine for the number and diameter of glomeruli in this study
[20] where the sole prescription of morphine increased BUN
and creatinine in the blood serum of the study groups. In the
morphine + harmine-receiving group, there was a significant
decrease in the creatinine and BUN levels compared to the
morphine group. The increased BUN and creatinine may
serve as the signal of glomerulus damage induced by de-
creased discharge of substances from the kidney [6]. It ap-
pears that induced oxidative stress and increased production
of free radicals resulted in glomerulus necrosis and affected
kidney filtration capacity [29]. Osborne et al. showed that
morphine increases BUN and creatinine in their study ani-
mals, which agrees with the results of the current study [9].
The decreased oxidation speed, thanks to the higher capacity
of this alkaloid to eliminate free radicals, it appears that
harmine can reduce the effect of morphine to reduce glomer-
ulus damage and increase the serum level of BUN and creat-
inine [30]. Measurements of nitrite oxide level of the blood
serum indicated a significant increase in the serum level of
nitrite oxide in the morphine group compared to saline
group. In this study, the prescription of harmine + morphine
significantly decreased the nitrite oxide level in the study
groups. It appears that morphine stimulates the generation of
nitrite oxide by stimulating the release of noradrenaline in
the paraventicular and amygdala nucleus and by direct influ-
ence on the solitary nuclei [31]. Nitrite oxide can increase
the excessive entry of calcium to cellular cytosol and induce
a toxic effect on cells [32]. The excessive production of ni-
trite oxide and the increased iNOS and nNOS expression
may induce nephrotoxicity, nephritic diseases and ne-
phrotoxic disease [9]. It appears that NOS isoform is ex-
pressed in the kidney and its increased expression increases
the thickness of the distal tube, proximal tubule and urine
collecting tracts [33]. Antioxidants can reduce the produc-
tion of nitrite oxide through degeneration and damage to the
nitrite oxide system [34]. The results of EI Madani et al.
show that harmine prescription significantly decreased the
serum level of nitrite oxide in the rats treated by rotenone
[35]. The results of the current study reveal that harmine as
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an antioxidant can lead to the relative mitigation of mor-
phine-induced damage Kidney tissue. In addition, it appears
that harmine mitigates the induction of inflammation and
kidney damage in the study animals by reducing the serum
level of nitrite oxide and increasing the total antioxidant ca-
pacity of the body by controlling NF-KpB expression. The
current study consequences similarly displayed that treat-
ment by harmine is able to moderate lipid peroxidation and
increase anti-oxidant capacity of renal tissue, consequently
reduces oxidative stress. Therefore, it seems that anti-oxidant
properties of harmine via preventing the creation of reactive
oxygen species could increase FRAPS and decrease MDA In
the studied groups.

CONCLUSION

The results of this study indicate that harmine may re-
cover some Kidney function in rats treated with morphine. It
could be valuable for protection of the kidney in individuals
who have been exposed to morphine. Harmine antioxidant
properties perhaps a main cause of therapeutic effect on
some renal parameters; but, supplementary studies are essen-
tial to describe its molecular mechanism.

ACKNOWLEDGEMENTS

We gratefully acknowledge the Research Council of
Kermanshah University of Medical Sciences (No: 95204) for
the financial support.

CONFLICTS OF INTEREST
The author(s) declare(s) that there is no conflict of inter-
est regarding the publication of this article

REFERENCES

1. Jalili C, Tabatabaei H, Kakaberiei S, Roshankhah S, Salahshoor MR.
Protective role of Crocin against morphine-induced damages on male
mice liver. Int J Prev Med 2015;6:92.

.Jalili C, Sharareh A, Roshankhah Sh, Salahshoor MR. Preventing effect
of Genistein on reproductive parameter and serum nitric oxide levels in
Morphine-treated Mice. Int J Reprod BioMed 2016;14:95-102.

3. Salahshoor MR, Mohamadian S, Kakabaraei S, Roshankhah Sh, Jalili C.

Curcumin Improves liver Damage in Male Mice Exposed to Morphine.
J Tradit Complement Med 2016;176-183.

4. Kuo KL, Tarng DC. Oxidative stress in chronic kidney disease.
Adaptive Med 2010;2:87-94.

5. Salahshoor MR, Khashiadeh M, Roshankhah Sh, Kakaberaei S, Jalili C.
Protective effect of crocin on liver toxicity induced by morphine. Res
Pharm Sci 2016;11:120-129.

6. Najafi H, Ashtiyani SC, Sayedzadeh SA. Therapeutic effects of curcu-
min on the functional disturbances and oxidative stress induced by re-
nal ischemia/reperfusion in rats. Avicenna J Phytomed 2015;5:576.

7. Costin D. Renal effects of deltamethrin induced intoxication in
Carassius. Biotechnol Anim Husbandry 2007;23:399-404.

8. Fakurazi S. The Combination of Mitragynine and Morphine Prevents the
Development of Morphine Tolerance in Mice. Molecules 2013;18:666-
81.

9. Oshorne R, Joel S, Grebenik K, Trew D, Slevin M. The pharmacokinet-
ics of morphine and morphine glucuronides in kidney failure. Clin
Pharmacol Ther 1993 Aug;54:158-67.

10. Breyer-pfaff U, Stevens I, Gaertner HJ, Mundle G, Mann K. . Elevated
norharman plasma levels in alcoholic patients and controls resulting
from tobacco smoking. Life Sci 1996;58:1425-32.

11. Liu WZ, Huang BW, You WJ, Hu P, Wang XH, Zhang JY, et al.

N

Iranian J Pharmacol Ther. 2019 (July);17:1-8.

Harmine enhances GABAergic transmission onto basoamygdala pro-
jection neurons in mice. Brain Res Bull 2018;137:294-300.

12. Mahmoudian M, Jalipour H, Salehian Dardashti P. Toxicity of Pega-
num harmala: review and a case report. lranian J Pharmacol Ther
2002;1:1-0.

13. Salahshoor MR, Khazaei M, Jalili C, Keivan M. Crocin improves
damage induced by nicotine on a number of reproductive parameters in
male mice. Int J Fertil Steril 2016;10:71-78.

14. YH TS, Mak |, Dickens BF. Antioxidative properties of harmane and
B-carboline alkaloids. Biochem Pharmacol 1991;42:459-64.

15. Cao R, Peng W, Chen H, Ma Y, Liu X, Hou X, et al. DNA binding
properties of 9-substituted harminee derivatives. Biochem Biophys Res
Commun 2005;338:1557-63.

16. Wang P, Alvarez-Perez JC, Felsenfeld DP, Liu H, Sivendran S, Bender
A, et al. A high-throughput chemical screen reveals that harmine-
mediated inhibition of DYRK1A increases human pancreatic beta cell
replication. Nat Med 2015;21:383.

17. Yamazaki Y, Kawano Y. Inhibitory effects of herbal alkaloids on the
tumor necrosis ~ factor-a.  and nitric  oxide production in
lipopolysaccharide-stimulated RAW264 macrophages. Chem Pharm
Bull 2011;59:388-91.

18. Kobrin KL, Moody O, Arena DT, Moore CF, Heinrichs SC, Kaplan
GB. Acquisition of morphine conditioned place preference increases
the dendritic complexity of nucleus accumbens core neurons. Addict
Biol 2016;21:1086-96.

19. Salman S, Idrees F, Pervaiz S, Shah FH, Badshah S, Usman M, et al.
Evaluation of antimicrobial activities of Harmine, Harmaline, Morphine
and their complexes. Pak J Pharm Sci 2016;29:1317-20.

20. Réus GZ, Stringari RB, de Souza B, Petronilho F, Dal-Pizzol F, Hallak
JE, et al. Harminee and imipramine promote antioxidant activities in
prefrontal cortex and hippocampus. Oxid Med Cell Longev
2010;3:325-31.

21. Najafi H, Owji SM, Kamali-Sarvestani E, Moosavi SM. Al-Adenosine
receptor activation has biphasic roles in development of acute kidney
injury at 4 and 24 h of reperfusion following ischaemia in rats. Exp
Physiol 2016;101:913-31.

22. Jain G, Jaimes EA. Morphine signaling and progression of chronic
kidney disease in smokers. Biochem Pharmacol 2013;86:1215-23.

23. Salahshoor MR, Mohamadian S, Kakabaraei S, Roshankhah Sh, Jalili
C. Curcumin Improves liver Damage in Male Mice Exposed to Nico-
tine. J Tradit Complement Med 2016;6:176-83

24. Arany |, Hall S, Reed DK, Reed CT, Dixit M. Morphine enhances
high-fat diet-induced oxidative stress in the kidney. Morphine Tob Res
2016;18:1628-34.

25. Hamden K, Masmoudi H, Ellouz F, ElFeki A, Carreau S. Protective
effects of Peganum harmala extracts on thiourea-induced diseases in
adult male rat. J Environ Biol 2007;29:73.

26. Fortunato JJ, Réus GZ, Kirsch TR, Stringari RB, Fries GR, Kapczinski
F, et al. Effects of B-carboline harminee on behavioral and physiologi-
cal parameters observed in the chronic mild stress model: Further evi-
dence of antidepressant properties. Brain Res Bull 2010;81:491-6.

27. Yildiz D, Liu Y-S, Ercal N, Armstrong DW. Comparison of pure
morphine-and smokeless tobacco extract-induced toxicities and
oxidative stress. Arch Environ Contam Toxicol 1999;37:434-9.

28. Jalili C, Salahshoor MR, Naderi T. The effect of hydroalcoholic extract
of P. crispum on sperm parameters, testis tissue and serum nitric oxide
levels in mice. Adv Biomed Res 2015;4:40.

29. Esfandiari E, Roshankhah S, Mardani M, Hashemibeni B, Naghsh E,
Kazemi M, et al. The effect of high frequency electric field on
enhancement of chondrogenesis in human adipose-derived stem cells.
Iran J Basic Med Sci 2014;17:571.

30. Zetler G, Back G, lven H. Pharmacokinetics in the rat of the hallucino-
genic alkaloids harminee and harmaline. Naunyn Schmiedebergs Arch
Pharmacol 1974;285:273-92.

31.Zhao R, Sharp BM. Morphine-induced norepinephrine release in
hypothalamic paraventricular nucleus and amygdale is mediated by N-
methyl-D-aspartate receptors and nitric oxide in the nucleus tractus
solitarius. J Pharmacol Exp Ther 2007;320:837-44.

32. Calabrese V, Mancuso C, Calvani M, Rizzarelli E, Butterfield DA,
Stella  AMG. Nitric oxide in the central nervous system:
neuroprotection versus neurotoxicity. Nature reviews Neuroscience
2007;8:766.

This paper is available online at: http://ijpt.iums.ac.ir


http://ijpt.iums.ac.ir/
https://ijpt.iums.ac.ir/article-1-373-en.html

[ Downloaded from ijpt.iums.ac.ir on 2026-06-08 ]

8

Jalili et al.

33. Sharma S. Nitric oxide and the kidney. Indian J Nephrol 2004;14:77-
84.

34. Jalili C, Ahmadi S, Roshankhah S, Salahshoor M. Effect of Genistein
on reproductive parameter and serum nitric oxide levels in morphine-

Iranian J Pharmacol Ther. 2019 (July);17:1-8.

treated mice. Int J Reprod Biomed 2016;14:95.

35. El Madani M AER, Attia A, El-Shenawy S. Neuropharmacological
Effects of Naringenin, Harminee and Adenosine on Parkinsonism
Induced in Rats. Der Pharmacia Lettre 2016;8:45.

This paper is available online at: http://ijpt.iums.ac.ir


http://ijpt.iums.ac.ir/
https://ijpt.iums.ac.ir/article-1-373-en.html
http://www.tcpdf.org

