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1 | INTRODUCTION

Reyhaneh Naderi

Abstract

Objective: Essential tremor (ET) as a neurological disorder is accompanied by cognitive
and motor disturbances. Despite the high incidence of ET, the drug treatment of ET
remains unsatisfactory. Recently, abscisic acid (ABA) has been reported to have pos-
itive neurophysiological effects in mammals. Here, the effects of ABA on harmaline-
induced motor and cognitive impairments were investigated in rats.

Methods: Male Wistar rats weighing 120-140 g were divided into control, harmaline
(30 mg/kg, ip), ABA vehicle (DMSO-+normal saline), and ABA (10 ug/rat, icv, 30 min
before harmaline injection) groups. Exploratory, balance and motor performance, anxi-
ety, and cognitive function were assessed using footprint, open field, wire grip, rotarod,
and shuttle box tests.

Results: The results indicated that ABA (10 ug/rat) can improve harmaline-induced
tremor in rats. The administration of ABA significantly increased time spent on wire
grip and rotarod. In addition, ABA had a promising effect against the cognitive impair-
ments induced by harmaline.

Conclusion: Taken together, ABA has positive effects on locomotor and cognitive
impairments induced by tremor. However, further studies are required to determine

the exact mechanisms of ABA on the ET.
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icki et al., 2013). Although exact mechanisms of inducing tremor have

not been completely clarified, it seems that hyperactivity of the excito-

Essential tremor (ET) is a prevalent movement disorder in adults,
which has destructive effects on the quality of the patient’s life. This
neurodegenerative disorder is characterized by distal postural and
kinetic tremor mainly involving the upper limbs (Louis, 2005). It has
been demonstrated that the risk of developing dementia and cognitive

impairments s elevated in patients with ET (Deuschl & Elble, 2009; Jan-

toxic neurons is the cause of ET (Choe et al., 2016; Shaikh et al., 2008).

Recent studies confirmed this hypothesis using harmaline-induced
tremor in animals (Abbassian, Esmaeili, et al., 2016; Abbassian, Whal-
ley, et al.,, 2016 ; Vaziri et al., 2015). Harmaline, an alkaloid metabolite
of the plant Peganum harmala has been demonstrated to be a tremori-

genic agent (Park et al., 2015). In addition, it has been shown that
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FIGURE 1 A:atypical coronal section displays unilateral injection site in the lateral ventricles, B: a schematic coronal section of lateral

ventricles reproduced from the atlas of Paxinos and Watson

harmaline disrupts cognitive functions in rodents (Du & Harvey, 1997).
The administration of harmaline induces tremor with oscillation fre-
quency in between 10 and 12 Hz in rats (Miwa, 2013). Harmaline
increases firing rate of the neurons arising from the inferior olive
nucleus (ION) and ending on Purkinje cells (PCs) of the cerebellar cor-
tex (Handforth, 2012), which leads to an enhancement of glutamate
release in the cerebellum (Beitz & Saxon, 2004; Golembiowska et al.,
2013) and potentiation of complex spike discharges of PCs (Lamarre
et al.,, 1971). Therefore, it seems compounds with reducing potential
of the neuronal excitability can relieve ET symptoms (Arjmand et al.,
2015).

The isoprenoid abscisic acid (ABA) is known as a plant hormone that
regulates fundamental physiological functions including plant growth
and development, seed dormancy and germination, senescence, and
plant responses to stresses (Cutler et al.,, 2010; Finkelstein, 2013).
Recent studies have indicated that this substance also exists in var-
jous tissues and cells of animals, particularly, in mammalian brain
(Le Page-Degivry et al., 1986; Qi, Ge, et al., 2015; Qi, Zhang, et al.,
2015). Abscisic acid is implicated in several physiological functions
including immune processes (Bruzzone et al., 2007; Magnone et al.,
2012), stem cell expansion (Scarfi et al., 2008), and glucose home-
ostasis (Bruzzone et al., 2008, 2012; Guri et al., 2007), ABA is also
found as an anti-inflammatory (Guri et al., 2007, 2008, 2011), anti-
oxidative (Soti et al., 2019), anti-apoptotic (Rafiepour et al., 2019), anti-
atherosclerosis (Guri et al., 2008), and anti-cancer (Ma et al., 2006) fac-
tor in animals.

It has been reported that ABA can be obtained through diet
(Magnone et al., 2015) and also produced in the various tissues of the
mammal’s body, especially brain (Le Page-Degivry et al., 1986; Qi, Ge,
et al.,, 2015). Some studies have demonstrated that ABA has neuro-
protective effects in animals. Both systemic and central administration
of ABA has positive effects on spatial learning and memory perfor-
mance and mood state of rats (Naderi et al., 2017; Qi, Ge, et al., 2015).
In addition, ABA is able to improve cognitive impairments induced by
Alzheimer’s (Khorasani et al., 2019) and diabetes (Kooshki et al., 2020)
diseases in rats. It has been indicated that ABA restores neuroinflam-
mation, neurogenesis, and cognitive deficits in a rat model of high-fat
diet (Ribes-Navarro et al., 2019; Sdnchez-Sarasua et al., 2016).

Previous studies have shown that ABA is produced in the brain
(Le Page-Degivry et al., 1986; Qi, Ge, et al.,, 2015; Qi, Zhang, et al.,
2015) and plays a neuroprotective role in rats (Khorasani et al., 2019;
Naderi et al., 2017; Qi, Ge, et al., 2015). However, ABA’s potential
to improve cognitive and motor performance in rats with harmaline-
induced tremor has not yet been determined. Therefore, this study
was designed to evaluate the effect of central administration of ABA
on harmaline-induced cognitive and motor disturbances in a rat model
of ET.

2 | MATERIALS AND METHODS

2.1 | Animals

Male Wistar rats aged 5—6 weeks weighing 120—140 g were used in
this study. Animals were housed in a room with controlled photo period
(12-hlight/dark cycle) with access to food and water ad libitum. All pro-
cedures were carried out according to animal ethics committee (Ethics
code: KNRC/00/002) guidelines of the Kerman Medical University.

2.2 | Drugs and experimental design

Harmaline hydrochloride dihydrate and (+)-cis, trans-ABA were pur-
chased from Sigma-Aldrich (USA). Harmaline dose was selected based
on previous studies in our laboratory and 30 mg/kg is considered as an
appropriate dose to show signs of tremor (Abbassian, Whalley, et al.,
2016). Pilot studies (n = 16, Dosages: 10, 30,60, 120; 4 rats/dose)
revealed that 30 mg/kg harmaline induced stable tremor in this pop-
ulation for the duration of the testing period (180 min).

Abscisic acid was dissolved in the sterile saline solution (0.9% w/v
sodium chloride) with dimethyl sulfoxide (DMSO) in a ratio of 2:1 (v/v)
and administered intracerebroventricularly (icv) through a 27-gauge
internal cannula connected via polyethylene tubing to a 1 ul Hamilton
syringe. The drug’s spreading zone in the lateral ventricles is shown
in Figure 1. Harmaline was dissolved in normal saline and injected

intraperitoneally (ip) 30 min after ABA administration. The animals
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were divided into control, saline (saline+30 mg/kg harmaline, ip), sham
(ABA vehicle, icv, 30 min before harmaline injection), and harmaline +
ABA (10 ug/rat, icv, 30 min before harmaline injection) groups (n = 7).
The experiments were performed 20 min after harmaline injection
with suitable interval among each test in the following order: Obser-
vation, open field test, rotarod, wire grip test, and footprint (Abbassian,
Esmaeili, et al., 2016). A brief experimental design timeline is depicted
in Figure 2. Each group went through five different behavioral studies,
which were performed 30 min after harmaline injection with sequen-
tially 15 min rest intervals among each assay in the following order:
Tremor score assessment (5 min), open field test (5 min), footprint
(1 min), rotarod (5 min), wire grip (3 min), and passive avoidance task
(learning phase: 5 min; memory phase 24 h after the learning phase:

5 min).

2.3 | Surgery

Rats were anesthetized with a mixture of ketamine (50 mg/kg, ip) and
xylazine (5 mg/kg, ip) and placed in a stereotaxic apparatus (Stoelt-
ing, USA). Guide cannulas were implanted bilaterally into right and left
ventricles according to the atlas of Paxinos and Watson. Stereotaxic
coordinates of ventricles were AP = 1.6 mm from Bregma, ml = +
0.8 mm from the midline, and DV = 3.4 mm from the skull surface.
The cannulas were fixed to the skull using two screws and dental
cement and then closed with a stylet. After the surgery, the animals
were kept in individual cages and given recovery period a week before

experiments.

24 | Tremor

Tremor was rated by an observer who was blinded to the treatment
protocol. Twenty minutes after harmaline administration, the data
were acquired during the open field test. Balance disturbances were
scored as the following scale: O: No tremor, 1: occasional tremor affect-
ing only the head and neck, 2: intermittent (occasional tremor affecting

all body parts), 3: persistent (tremor affecting all body parts), 4: severe

ABA administration

4 injection over 4 days

last injection)
——

Rotarod test

Harmaline injection Tremor symptoms
assesment
20 min ff D)
—_—

wmin
Foot print test » i

4&1

15 min BRSPS

(30 min after /

159) proy uadQ

(persistent tremor rendering the animal unable to stand and/or walk)
(Al Deeb et al., 2002).

2.5 | Open field test

The apparatus consisted of a square arena (90 x 90 x 45 [H] cm) made
of Plexiglas, which was divided into central and peripheral regions. Each
rat was placed in the center of the arena and the behavioral parame-
ters were recorded for 5 min and assayed with offline analysis (Etho-
vision7.1, Noldus Information Technology, The Netherlands). Total dis-
tance moved (TDM, cm) velocity, mobility, and time spent in the cen-
ter were recorded as the locomotor activity and anxiety like behav-
ior, respectively. The maze was cleaned with 70% ethanol and dried
between sessions (Nazeri et al., 2014).

2.6 | Footprint

Footprint test was used to assess the walking patterns and gait kine-
matics. Hind paws of the animals were marked with nontoxic ink. The
rats were allowed in a clear Plexiglas tunnel (100 cm [L] x 10 cm [H] x
10 cm[W]), ending in a darkened cage. A sheet of white absorbent paper
(100 cm x 10 cm) was placed on the floor of the tunnel. The result-
ing tracks provide the spatial relationship of consecutive footfalls from

which rat stride length and width were measured.

2.7 | Rotarod test

Motor coordination and balance were assessed by accelerating
rotarod apparatus (Hugo Sachs Electronik, Germany). All rats were
trained on the rotarod (8 rpm, 5 min) 24 h before the test. The
rotarod experiment started at a speed of 10 rpm to the maximum
speed of 60 rpm within 5 min. The protocol of the rotarod test
included three trials with 20-min intervals. The average of staying
time on the rod was calculated for each rat during the three trials
(Shojaei et al., 2012).
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Effect of ABA on tremor scores (A), step width (B), left (C) and right step length (D) after harmaline administration. Data presented

as mean + SEM. *p < 0.05, **p < 0.01 and ***p < 0.001 versus control group; *p < 0.05 versus harmaline group; #p < 0.05 versus sham group

2.8 | Wire grip test

The muscle strength of the animals was evaluated using wire grip test.
During the test, each rat was suspended on a horizontal steel wire.
Each rat was suspended by both forepaws from a horizontal steel wire
(80 cm long, 7 mm diameter), which was suspended 45 cm from the
ground. The animals’ forepaws were put in contact with the steel wire
and released whenever they grasped the wire. The animals under-
went three trials with 20 min rest interval, and the falling latency was

recorded using a stopwatch for each rat.

2.9 | Passive avoidance test

Before the test, rats were placed individually in the light chamber of the
apparatus. Ten seconds later, the door was opened and the animal was
allowed to go to the dark chamber without electric shock for 30s. Then,
the door was closed and the animal was returned to the home cage.
One hour later, the learning phase was performed and each rat was
placed into the light chamber. Once the animal entered the dark com-
partment, the door was closed and an electrical stimulation (0.5 mA,
50 Hz) was delivered to the animal’s feet through the stainless steel
rods for 2 s. This step was repeated at 30-min intervals until the animal
learned to avoid the dark chamber, and the number of shocks for learn-

ing was recorded. Memory retrieval was examined 24 h after the learn-
ing phase. The animal was placed in the light chamber (door closed) and
10 s later, the door was opened. The latency to enter the dark chamber
(step-through latency; STL) was recorded in 300 s (Razavinasab et al.,
2016).

2.10 | Statistical analysis

Statistical analyses were performed using SPSS Statistics version
16. The collected data were analyzed using one-way ANOVA and
expressed as mean + SEM. Post-hoc analyses were conducted using

the Tukey’s test. A p value of <0.05 was considered to be statistically

significant.
3 | RESULTS
3.1 | Effect of ABA on tremor score and gait

disturbance in harmaline-treated rats

Figure 3 shows that administration of harmaline induced a significant
and persistent tremor in rats [F(3, 24) = 39.839, p = 0.001]. The score
of tremor scale significantly increased in rats treated with harmaline

as compared to the control group (p < 0.001). Microinjection of ABA
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FIGURE 4 Effect of ABA on explorative and anxiety like behavioral changes induced by harmaline. Total distance moved (A), velocity (B) and
rearing number time spent in center (C), and mobility duration (D). Data presented as mean + SEM. ***p < 0.001 versus control group; **p < 0.01

versus harmaline group; ##p < 0.01 versus sham group

could significantly attenuate the tremorgenic effects of harmaline as
compared to control and sham animals (p < 0.05, Figure 3A).

As shown in Figure 3B, there were significant differences between
experimental groups in step width [F(3, 24) = 4.705, p = 0.01]. Har-
maline injection significantly increased step width as compared to the
control group (p < 0.05). However, there was no significant difference
between harmaline and ABA groups in step width demonstrating that
ABA treatment was not able to ameliorate harmaline effects upon step
width.

In addition, there were significant differences between experimen-
tal groupsinleft [F(3,24) = 5.658, p = 0.004] and right [F(3,24) = 7.377,
p = 0.001] step lengths. The significant decreases in left and right step
lengths were observed in the harmaline group as compared to the con-
trol group (p < 0.05) and (p < 0.01), respectively, (Figure 3C and D).
Interestingly, ABA has been found to have adverse effects on left and
right step lengths; hence, ABA significantly decreased left and right
step lengths even from the level of harmaline group (p < 0.05, Figure 3C
and D).

3.2 | Effect of ABA on explorative and
anxiety-related behaviors in harmaline-treated rats

Figure 4 shows there were significant differences between experimen-
tal groups in total distance moved [F(3, 24) = 14.023, p = 0.001], veloc-

ity [F(3, 24) = 16.243, p = 0.001], and mobility [F(3, 24) = 20.226,
p = 0.001]. Total distance moved, velocity, and mobility were signif-
icantly decreased in harmaline-treated rats as compared to the con-
trol group (p < 0.001). ABA administration could increase mobility in
harmaline-treated rats as compared to the harmaline and sham groups
(p < 0.01, Figure 4D). However, microinjection of ABA had no signifi-
cant effect on harmaline-induced disturbances in total distance moved
and velocity (Figure 4A and B). As shown in Figure 2C, there was no sig-
nificant difference between groups in time spent in center.

3.3 | Effect of ABA on balance and muscle strength
in harmaline-treated rats

The muscle strength of animals was evaluated by averaging time spent
on the wire grip test in three sequential trials. As shown in Figure 5A,
there were significant differences between experimental groups in the
time period on the wire grip [F(3, 24) = 38.196, p = 0.001]. The rats of
the harmaline group significantly spent shorter time period on the wire
grip as compared to the control group (p < 0.001). Falling time signif-
icantly increased in ABA-received rats compared to sham and harma-
line groups (p < 0.01, Figure 5A).

As shown in Figure 5B, there were significant differences in bal-
ance function of rats in the rotarod test [F(3, 24) = 54.171, p = 0.001].

Harmaline-received rats showed a significant reduction in the duration
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FIGURE 6 Effect of ABA on passive avoidance after harmaline administration. Number of shock (A), Step through latency (STL), (B). **p < 0.01
and ***p < 0.001 versus control group; *p < 0.05 versus harmaline group; #p < 0.05 versus sham group

staying on rod during the three repeated trials (p < 0.001). However,
pretreatment with ABA significantly increased mean time spent on the

apparatus as compared to harmaline group (p < 0.05, Figure 5B).

3.4 | Effect of ABA on learning and memory in
harmaline-treated rats

Figure 6A shows there were significant differences between exper-
imental groups in the number of received shocks [F(3, 24) = 8.760,
p = 0.001]. Harmaline group had a higher number of received shocks
as compared to the control group (p < 0.01), which implicates impaired
learning. However, there was no significant difference in shock num-
bers between ABA-received rats and the harmaline group (Figure 6A).
In addition, there were significant differences between experimental
groups in STL[F(3, 24) = 16.015, p = 0.001]. The results indicated that
STL significantly decreased in harmaline group as compared to the con-

trol animals (p < 0.001). Microinjection of ABA prior to harmaline sig-

nificantly inhibited the reducing effect of harmaline on STL (p < 0.05,
Figure 6B).

4 | DISCUSSION

In the present study, the possible protective effect of ABA was inves-
tigated on harmaline-induced defects in balance, muscle strength,
and cognitive function. The data showed that harmaline induced gen-
eralized tremor, which was manifested as several deficits including
increased step width with simultaneously decreased step length bilat-
erally, balance disturbance, decreased muscle strength, and impair-
ment of learning and memory in the passive-avoidance test. Central
administration of ABA prior to harmaline could attenuate tremorgenic
effects of harmaline. In addition, ABA prevents harmaline-induced
defects in balance function and muscle strength of animals. The admin-
istration of ABA also reverses the destructive effect of harmaline on
passive avoidance retention.
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It has been demonstrated that administration of harmaline induces
generalized transient tremor that lasts from minutes to hours (Miwa,
2013). Previous studies have been reported that harmaline impairs
motion and cognitive functions in rats; the results of the present study
confirm these defects caused by harmaline-induced tremor (Abbassian,
Esmaeili, et al., 2016; Aghaei et al., 2019; Janicki et al., 2013).

It is thought that harmaline exerts its excitatory effects on the
nervous system by increasing the activity of the olivo-cerebellar
glutamatergic pathway. It has been indicated that AMPA and NMDA
glutamate receptors are located in inferior olive and cerebellum
(Chen et al, 2006; Paarmann et al., 2000; Petralia et al., 2004).
Harmaline-induced overactivity of climbing fiber of the inferior olive
connected to PCs increases glutamate release in the cerebellum.
Excessive glutamate release in the cerebellum leads to excitotoxic dam-
age and degeneration in PCs (Beitz & Saxon, 2004; Gotembiowska
et al, 2013; Lamarre et al, 1971). Glutamate receptor blockade
through administration of the NMDA and AMPA antagonists attenu-
ated harmaline-induced hyperactivity (Du & Harvey, 1997; Eblen et al.,
1996; Iseri et al,, 2011; Paterson et al., 2009). Therefore, the gluta-
matergic system plays a fundamental role in the tremor induced by
harmaline.

Abscisic acid is produced and released from cells in several areas
of the brain including hypothalamus, hippocampus, cortex, and cere-
bellum (Qi, Ge, et al., 2015; Qi, Zhang, et al., 2015). Recent studies
have shown that ABA has positive neurobiological effects in the ner-
vous system of mammals. It has been indicated that the chronic sys-
temic administration of ABA improves spatial learning and memory
and induces exploratory activity (Qi, Ge, et al., 2015). We have also
reported that the central injection of ABA has a positive effect on cog-
nitive functions and elicits anti-anxiety activity (Naderi et al., 2017).
It has been demonstrated that treatment with ABA can change feed-
ing behavior and body weight of rats (Soti et al., 2019). In addition,
ABA has been shown to have anti-atherosclerosis (Guri et al., 2010),
anti-depressant (Qi, Zhang, et al., 2015), anti-nociceptive (Mollashahi
et al,, 2018), and anti-cancer effects (Li et al., 2011). However, in the
present study, the administration of harmaline or ABA did not influence
anxiety-like behavior. Since the open field is not a functional test to
measure anxiety, the exact role of tremor and ABA in the modulation of
anxiety-like behaviors need to be evaluated through the elevated plus
maze in further studies.

Previous studies have revealed that pain is associated with cognitive
dysfunction (Kewman et al., 1991; McCarberg & Peppin, 2019). Painful
conditions cause people to perform poorly in tests of intelligence, rea-
soning, and memory (Hart et al., 2000). In addition, it has been demon-
strated that movement activity is changed in painful condition. Pain
can produce a large range of movement changes from disturbance in
motor activities to complete avoidance of painful movements and/or
activities (Hodges, 2011; Merkle et al., 2020). Abscisic acid has been
shown to have pain-relieving property, which may be involved in the
improvement of motor and cognitive impairments induced by tremor
(Mollashahi et al., 2018).

It seems that the neuroprotective effects of ABA are mediated via

its antioxidant capacity. ABA plays a fundamental role in the activa-

tion of antioxidant defense system and enhancement of antioxidant
capacity in plants. It has been indicated that ABA induces the expres-
sion of antioxidant defense genes and increases activities of antioxi-
dant enzymes in plants (Ming-Yi & Jian-Hua, 2004; Prasad et al., 1994;
Sandhu et al., 2011). Furthermore, Soti and colleagues reported that
chronic treatment of ABA increases the activity of antioxidant enzymes
and antioxidant capacity in rats’ brain (Soti et al., 2019). Interestingly,
ABA’s antioxidant role in the improvement of 6-OHDA-induced cell
damage has been demonstrated in a model of Parkinson’s disease (PD)
(Rafiepour et al., 2019).

Tao Hou et al. demonstrated that phaseic acid (PA), analogous
of ABA, inhibits NMDA glutamate receptors during ischemic
brain injury. They reported that PA blocks NMDA receptors
in a noncompetitive manner similar to memantine, an uncom-
petitive antagonist of the NMDA receptors. Therefore, PA or
its analogs can act as an endogenous and reversible inhibitor of
glutamate receptors in mouse brain (Hou et al., 2016).

Both in vivo and in vitro studies indicated that ABA increases the
expression and activity of PPARy receptors. It has been shown that
ABA exerts its anti-inflammatory functions via PPAR y-dependent
mechanism (Bassaganya-Riera et al., 2010, 2011; Guri et al.,, 2011).
Treatment with ABA inhibits diabetes-induced learning and memory
and synaptic plasticity destruction in rats through interaction with
PPARy receptors (Kooshki et al., 2020). The blockage of PPARy recep-
tors prevented ABA-induced learning and memory improvement in
streptozotocin-induced rat model of Alzheimer’s disease (Khorasani
etal.,2019). Rafiepour and colleagues reported that PPARy-dependent
signaling is involved in protective effects of ABA on 6-OHDA-induced
SH-SY5Y cell apoptosis (Rafiepour et al., 2019).

Previous studies have shown that the activation of PPARy protects
neurons against NMDA excitotoxicity currents (Pancani et al., 2009;
Zhao et al., 2006). Surprisingly, it has been reported that the PPARy
agonist (pioglitazone) improves tremor scores, motor disturbances,
and spatial learning and memory impairments (Ihm et al., 2010). Fur-
thermore, it is possible that inhibition of glutaminergic currents pre-
vent tremor-induced impairments.

This study supported the ability of ABA to prevent tremor-induced
deficits. However, the administration of ABA alone is also necessary to
endorse the role of ABA in improvement of these deficits.

In conclusion, the findings of this study confirmed that harmaline
induces ET and motor disturbance as well as impairs passive avoidance
learning. Central administration of ABA could ameliorate harmaline-
induced tremor in a rat model of ET. Abscisic acid could attenuate
locomotor and cognitive impairments induced by harmaline. The exact
mechanism of ABA in harmaline-induced tremor needs to be evaluated

in further experimental studies.

ACKNOWLEDGMENT
This study was financially supported by funds from Kerman Neuro-

science Research Center, Kerman, Iran.

CONFLICT OF INTEREST

The authors declare no conflict of interest.



SHABANI ano NADERI

Open Access

. Brain and Behavior
M | WILEY fOpen Access)

DATA AVAILABILITY STATEMENT
The datasets used or analyzed during the current study are available
from the corresponding author on reasonable request.

PEER REVIEW
The peer review history for this article is available at https://publons.
com/publon/10.1002/brb3.2564

ORCID

Mohammad Shabani " https://orcid.org/0000-0002-2082-5849
Reyhaneh Naderi‘* https://orcid.org/0000-0002-5428-4446
REFERENCES

Abbassian, H., Esmaeili, P, Tahamtan, M., Aghaei, |., Vaziri, Z., Sheibani, V.,
Whalley, B. J., & Shabani, M. (2016). Cannabinoid receptor agonism sup-
presses tremor, cognition disturbances and anxiety-like behaviors in a
rat model of essential tremor. Physiology & Behavior, 164, 314-320.

Abbassian, H., Whalley, B. J., Sheibani, V., & Shabani, M. (2016). Cannabi-
noid type 1 receptor antagonism ameliorates harmaline-induced essen-
tial tremor in rat. British Journal of Pharmacology, 173, 3196-3207. https:
//doi.org/10.1111/bph.13581

Aghaei, |., Hajali, V., Haghani, M., Vaziri, Z., Moosazadeh, M., & Shabani, M.
(2019). Peroxisome proliferator-activated receptor-y activation attenu-
ates harmaline-induced cognitive impairments in rats. Journal of Clinical
Neuroscience, 59,276-283. https://doi.org/10.1016/j.jocn.2018.11.004

Al Deeb, S., Moutaery, K. A.l, Arshaduddin, M., Biary, N., & Tarig, M. (2002).
Effect of acute caffeine on severity of harmaline induced tremor in
rats. Neuroscience letters, 325,216-218. https://doi.org/10.1016/5S0304-
3940(02)00042-3

Arjmand, S., Vaziri, Z., Behzadi, M., Abbassian, H., Stephens, G. J., & Shabani,
M. (2015). Cannabinoids and tremor induced by motor-related disor-
ders: Friend or foe? Neurotherapeutics, 12, 778-787. https://doi.org/10.
1007/s13311-015-0367-5

Bassaganya-Riera, J., Guri, A. J,, Lu, P, Climent, M., Carbo, A., Sobral, B. W.,
Horne, W. T., Lewis, S. N., Bevan, D. R., & Hontecillas, R. (2011). Abscisic
acid regulates inflammation via ligand-binding domain-independent
activation of peroxisome proliferator-activated receptor y. Journal of Bio-
logical Chemistry, 286, 2504-2516. https://doi.org/10.1074/jbc.M110.
160077

Bassaganya-Riera, J., Skoneczka, J., Kingston, D., Krishnan, A., Misyak,
S., Guri, A, Pereira, A, Carter, A, Minorsky, P, & Tumarkin, R.
(2010). Mechanisms of action and medicinal applications of abscisic
acid. Current Medicinal Chemistry, 17, 467-478. https://doi.org/10.2174/
092986710790226110

Beitz, A. J., & Saxon, D. (2004). Harmaline-induced climbing fiber activation
causes amino acid and peptide release in the rodent cerebellar cortex
and a unique temporal pattern of Fos expression in the olivo-cerebellar
pathway. Journal of Neurocytology, 33, 49-74. https://doi.org/10.1023/B:
NEUR.0000029648.81071.20

Bruzzone, S., Ameri, P, Briatore, L., Mannino, E., Basile, G., Andraghetti, G.,
Grozio, A, Magnone, M., Guida, L., & Scarfi, S. (2012). The plant hormone
abscisic acid increases in human plasma after hyperglycemia and stimu-
lates glucose consumption by adipocytes and myoblasts. The FASEB Jour-
nal, 26,1251-1260. https://doi.org/10.1096/fj.11-190140

Bruzzone, S., Bodrato, N., Usai, C., Guida, L., Moreschi, ., Nano, R., Antonioli,
B., Fruscione, F., Magnone, M., & Scarfi, S. (2008). Abscisic acid is an
endogenous stimulator of insulin release from human pancreatic islets
with cyclic ADP ribose as second messenger. Journal of Biological Chem-
istry, 283, 32188-32197. https://doi.org/10.1074/jbc.M802603200

Bruzzone, S., Moreschi, |., Usai, C., Guida, L., Damonte, G., Salis, A., Scarfi, S.,
Millo, E., De Flora, A., & Zocchi, E. (2007). Abscisic acid is an endogenous
cytokine in human granulocytes with cyclic ADP-ribose as second mes-

senger. Proceedings of the National Academy of Sciences, 104,5759-5764.
https://doi.org/10.1073/pnas.0609379104

Chen, L.-W,, Tse, Y., Li, C,, Guan, Z.-L., Lai, C., Yung, K., Shum, D., & Chan, Y.
(2006). Differential expression of NMDA and AMPA/KA receptor sub-
units in the inferior olive of postnatal rats. Brain Research, 1067, 103-
114. https://doi.org/10.1016/j.brainres.2005.10.054

Choe, M., Cortés, E., Vonsattel, J. P. G., Kuo, S. H., Faust, P. L., & Louis, E. D.
(2016). Purkinje cell loss in essential tremor: Random sampling quantifi-
cation and nearest neighbor analysis. Movement Disorders, 31, 393-401.
https://doi.org/10.1002/mds.26490

Cutler, S. R, Rodriguez, P. L., Finkelstein, R. R., & Abrams, S. R. (2010).
Abscisic acid: Emergence of a core signaling network. Annual Review
of Plant Biology, 61, 651-679. https://doi.org/10.1146/annurev-arplant-
042809-112122

Deuschl, G., & Elble, R. (2009). Essential tremor—Neurodegenerative or
nondegenerative disease towards a working definition of ET. Movement
Disorders: Official Journal of the Movement Disorder Society, 24, 2033-
2041. https://doi.org/10.1002/mds.22755

Du, W., & Harvey, J. A. (1997). Harmaline-induced tremor and impairment
of learning are both blocked by dizocilpine in the rabbit. Brain Research,
745, 183-188. https://doi.org/10.1016/S0006-8993(96)01148-1

Eblen, F, Léschmann, P.-A., Wiillner, U, Turski, L., & Klockgether, T.
(1996). Effects of 7-nitroindazole, NG-nitro-L-arginine, and D-CPPene
on harmaline-induced postural tremor, N-methyl-D-aspartate-
induced seizures, and lisuride-induced rotations in rats with nigral
6-hydroxydopamine lesions. European Journal of Pharmacology, 299,
9-16. https://doi.org/10.1016/0014-2999(95)00795-4

Finkelstein, R. (2013). Abscisic acid synthesis and response. The Arabidopsis
Book/American Society of Plant Biologists, 11.

Gotembiowska, K., Berghauzen-Maciejewska, K., Goérska, A., Kaminska, K.,
& Ossowska, K. (2013). A partial lesion of the substantia nigra pars com-
pacta and retrorubral field decreases the harmaline-induced glutamate
release in the rat cerebellum. Brain Research, 1537, 303-311. https://doi.
org/10.1016/j.brainres.2013.08.059

Guri, A. J, Evans, N. P, Hontecillas, R., & Bassaganya-Riera, J. (2011). T
cell PPARy is required for the anti-inflammatory efficacy of abscisic
acid against experimental IBD. The Journal of Nutritional Biochemistry, 22,
812-819. https://doi.org/10.1016/j.jnutbio.2010.06.011

Guri, A. J,, Hontecillas, R., Ferrer, G., Casagran, O., Wankhade, U., Noble,
A. M,, Eizirik, D. L., Ortis, F., Cnop, M., & Liu, D. (2008). Loss of PPARy
in immune cells impairs the ability of abscisic acid to improve insulin
sensitivity by suppressing monocyte chemoattractant protein-1 expres-
sion and macrophage infiltration into white adipose tissue. The Journal of
Nutritional Biochemistry, 19, 216-228. https://doi.org/10.1016/j.jnutbio.
2007.02.010

Guri, A. J., Hontecillas, R., Si, H., Liu, D., & Bassaganya-Riera, J. (2007).
Dietary abscisic acid ameliorates glucose tolerance and obesity-related
inflammation in db/db mice fed high-fat diets. Clinical Nutrition, 26, 107 -
116. https://doi.org/10.1016/j.clnu.2006.07.008

Guri, A. J.,Misyak, S. A.,Hontecillas, R., Hasty, A, Liu, D., Si, H., & Bassaganya-
Riera, J. (2010). Abscisic acid ameliorates atherosclerosis by suppressing
macrophage and CD4+ T cell recruitment into the aortic wall. The Jour-
nal of Nutritional Biochemistry, 21, 1178-1185. https://doi.org/10.1016/j.
jnutbio.2009.10.003

Handforth, A. (2012). Harmaline tremor: Underlying mechanisms in a
potential animal model of essential tremor. Tremor and Other Hyperkinetic
Movements, 2, 2. https://doi.org/10.5334/tohm.108

Hart, R. P, Martelli, M. F,, & Zasler, N. D. (2000). Chronic pain and neuropsy-
chological functioning. Neuropsychology Review, 10, 131-149. https://doi.
org/10.1023/A:1009020914358

Hodges, P. W. (2011). Pain and motor control: From the laboratory to
rehabilitation. Journal of Electromyography and Kinesiology, 21, 220-228.
https://doi.org/10.1016/j.jelekin.2011.01.002

Hou, S. T, Jiang, S. X,, Zaharia, L. I., Han, X, Benson, C. L., Slinn, J., & Abrams,
S.R.(2016). Phaseic acid, an endogenous and reversible inhibitor of glu-


https://publons.com/publon/10.1002/brb3.2564
https://publons.com/publon/10.1002/brb3.2564
https://orcid.org/0000-0002-2082-5849
https://orcid.org/0000-0002-2082-5849
https://orcid.org/0000-0002-5428-4446
https://orcid.org/0000-0002-5428-4446
https://doi.org/10.1111/bph.13581
https://doi.org/10.1111/bph.13581
https://doi.org/10.1016/j.jocn.2018.11.004
https://doi.org/10.1016/S0304-3940(02)00042-3
https://doi.org/10.1016/S0304-3940(02)00042-3
https://doi.org/10.1007/s13311-015-0367-5
https://doi.org/10.1007/s13311-015-0367-5
https://doi.org/10.1074/jbc.M110.160077
https://doi.org/10.1074/jbc.M110.160077
https://doi.org/10.2174/092986710790226110
https://doi.org/10.2174/092986710790226110
https://doi.org/10.1023/B:NEUR.0000029648.81071.20
https://doi.org/10.1023/B:NEUR.0000029648.81071.20
https://doi.org/10.1096/fj.11-190140
https://doi.org/10.1074/jbc.M802603200
https://doi.org/10.1073/pnas.0609379104
https://doi.org/10.1016/j.brainres.2005.10.054
https://doi.org/10.1002/mds.26490
https://doi.org/10.1146/annurev-arplant-042809-112122
https://doi.org/10.1146/annurev-arplant-042809-112122
https://doi.org/10.1002/mds.22755
https://doi.org/10.1016/S0006-8993(96)01148-1
https://doi.org/10.1016/0014-2999(95)00795-4
https://doi.org/10.1016/j.brainres.2013.08.059
https://doi.org/10.1016/j.brainres.2013.08.059
https://doi.org/10.1016/j.jnutbio.2010.06.011
https://doi.org/10.1016/j.jnutbio.2007.02.010
https://doi.org/10.1016/j.jnutbio.2007.02.010
https://doi.org/10.1016/j.clnu.2006.07.008
https://doi.org/10.1016/j.jnutbio.2009.10.003
https://doi.org/10.1016/j.jnutbio.2009.10.003
https://doi.org/10.5334/tohm.108
https://doi.org/10.1023/A:1009020914358
https://doi.org/10.1023/A:1009020914358
https://doi.org/10.1016/j.jelekin.2011.01.002

SHABANI anD NADERI

Brain and Behavior

tamate receptors in mouse brain. Journal of Biological Chemistry, 291,
27007-27022. https://doi.org/10.1074/jbc.M116.756429

lhm, S.-H., Chang, K., Kim, H.-Y., Baek, S. H., Youn, H.-J., Seung, K.-B., & Kim,
J.-H. (2010). Peroxisome proliferator-activated receptor-y activation
attenuates cardiac fibrosis in type 2 diabetic rats: The effect of rosigli-
tazone on myocardial expression of receptor for advanced glycation end
products and of connective tissue growth factor. Basic Research in Cardi-
ology, 105, 399-407. https://doi.org/10.1007/s00395-009-0071-x

Iseri, P. K., Karson, A., Gullu, K. M., Akman, O., Kokturk, S., Yardymoglu,
M., Erturk, S., & Ates, N. (2011). The effect of memantine in
harmaline-induced tremor and neurodegeneration. Neuropharmacology,
61,715-723. https://doi.org/10.1016/j.neuropharm.2011.05.015

Janicki, S. C., Cosentino, S., & Louis, E. D. (2013). The cognitive side of
essential tremor: What are the therapeutic implications? Therapeutic
Advances in Neurological Disorders, 6, 353-368. https://doi.org/10.1177/
1756285613489591

Kewman, D. G., Vaishampayan, N., Zald, D., & Han, B. (1991). Cognitive
impairment in musculoskeletal pain patients. The International Journal
of Psychiatry in Medicine, 21, 253-262. https://doi.org/10.2190/FRYK-
TMGA-AULW-BM5G

Khorasani, A., Abbasnejad, M., & Esmaeili-Mahani, S. (2019). Phytohor-
mone abscisic acid ameliorates cognitive impairments in streptozotocin-
induced rat model of Alzheimer’s disease through PPARS/S and PKA sig-
naling. International Journal of Neuroscience, 129, 1053-1065. https://doi.
org/10.1080/00207454.2019.1634067

Kooshki, R., Anaeigoudari, A., Abbasnejad, M., Askari-Zahabi, K., & Esmaeili-
Mahani, S. (2020). Abscisic acid interplays with PPARy receptors and
ameliorates diabetes-induced cognitive deficits in rats. Avicenna Journal
of Phytomedicine.

Lamarre, Y., De Montigny, C., Dumont, M., & Weiss, M. (1971). Harmaline-
induced rhythmic activity of cerebellar and lower brain stem neurons.
Brain research, 32, 246-250. https://doi.org/10.1016/0006-8993(71)
90174-0

Le Page-Degivry, M.-T., Bidard, J., Rouvier, E., Bulard, C., & Lazdunski, M.
(1986). Presence of abscisic acid, a phytohormone, in the mammalian
brain. Proceedings of the National Academy of Sciences, 83, 1155-1158.
https://doi.org/10.1073/pnas.83.4.1155

Li,H.-H.,Hao,R.-L., Wu,S.-S., Guo, P-C.,Chen, C.-J., Pan, L.-P, &Ni, H.(2011).
Occurrence, function and potential medicinal applications of the phyto-
hormone abscisic acid in animals and humans. Biochemical Pharmacology,
82,701-712. https://doi.org/10.1016/j.bcp.2011.06.042

Louis, E. D. (2005). Essential tremor. The Lancet Neurology, 4, 100-110. https:
//doi.org/10.1016/51474-4422(05)00991-9

Ma, Q., Wu, B,, Lu, Y., Chu, W., & Guo, Y. (2006). The effect of induced differ-
entiation of abscisic acid on human HCC cell line SMMC-7721. Journal of
Kunming Medical College, 3.

Magnone, M., Ameri, P, Salis, A., Andraghetti, G., Emionite, L., Murialdo, G.,
De Flora, A., & Zocchi, E. (2015). Microgram amounts of abscisic acid in
fruit extracts improve glucose tolerance and reduce insulinemia in rats
and in humans. The FASEB Journal, 29, 4783-4793. https://doi.org/10.
1096/fj.15-277731

Magnone, M., Sturla, L., Jacchetti, E., Scarfi, S., Bruzzone, S., Usai, C., Guida,
L., Salis, A., Damonte, G., & De Flora, A. (2012). Autocrine abscisic acid
plays a key role in quartz-induced macrophage activation. The FASEB
Journal, 26,1261-1271. https://doi.org/10.1096/fj.11-187351

McCarberg, B., & Peppin, J. (2019). Pain pathways and nervous system plas-
ticity: Learning and memory in pain. Pain Medicine, 20, 2421-2437. https:
//doi.org/10.1093/pm/pnz017

Merkle, S. L., Sluka, K. A,, & Frey-Law, L. A. (2020). The interaction between
pain and movement. Journal of Hand Therapy, 33, 60-66. https://doi.org/
10.1016/j.jht.2018.05.001

Ming-Yi, J., & Jian-Hua, Z. (2004). Abscisic acid and antioxidant defense in
plant cells. Journal of Integrative Plant Biology, 46, 1-9.

Miwa, H. (2013). Rodent models of tremor. In Mechanisms and emerging ther-
apies in tremor disorders (pp. 37-51). Springer.

WILEY- 2™

Mollashahi, M., Abbasnejad, M., & Esmaeili-Mahani, S. (2018). Phytohor-
mone abscisic acid elicits antinociceptive effects in rats through the acti-
vation of opioid and peroxisome proliferator-activated receptors /6.
European Journal of Pharmacology, 832, 75-80. https://doi.org/10.1016/
j.ejphar.2018.05.013

Naderi, R., Esmaeili-Mahani, S., & Abbasnejad, M. (2017).
Phosphatidylinositol-3-kinase and protein kinase C are involved in
the pro-cognitive and anti-anxiety effects of phytohormone abscisic acid
in rats. Biomedicine & Pharmacotherapy, 96, 112-119.

Nazeri, M., Razavinasab, M., Abareghi, F., & Shabani, M. (2014). Role of
nitric oxide in altered nociception and memory following chronic stress.
Physiology & Behavior, 129, 214-220. https://doi.org/10.1016/j.physbeh.
2014.02.054

Paarmann, 1., Frermann, D., Keller, B., & Hollmann, M. (2000). Expression
of 15 glutamate receptor subunits and various splice variants in tissue
slices and single neurons of brainstem nuclei and potential functional
implications. Journal of Neurochemistry, 74, 1335-1345. https://doi.org/
10.1046/j.1471-4159.2000.0741335.x

Pancani, T, Phelps, J. T,, Searcy, J. L., Kilgore, M. W,, Chen, K. C., Porter,
N. M., & Thibault, O. (2009). Distinct modulation of voltage-gated and
ligand-gated Ca2+ currents by PPAR-y agonists in cultured hippocam-
pal neurons. Journal of Neurochemistry, 109, 1800-1811. https://doi.org/
10.1111/j.1471-4159.2009.06107 .x

Park, Y.-G., Choi, J. H., Lee, C.,Kim, S., Kim, Y., Chang, K.-Y., Paek, S. H., & Kim,
D. (2015). Heterogeneity of tremor mechanisms assessed by tremor-
related cortical potential in mice. Molecular Brain, 8, 1-7. https://doi.org/
10.1186/s13041-015-0093-2

Paterson, N. E., Malekiani, S. A., Foreman, M. M,, Olivier, B., & Hanania, T.
(2009). Pharmacological characterization of harmaline-induced tremor
activity in mice. European Journal of Pharmacology, 616, 73-80. https://
doi.org/10.1016/j.ejphar.2009.05.031

Petralia, R. S., Sans, N., Wang, Y. X, Vissel, B., Chang, K., Noben-Trauth, K.,
Heinemann, S. F., & Wenthold, R. J. (2004). Loss of GLUR2 a-amino-3-
hydroxy-5-methyl-4-isoxazoleproprionic acid receptor subunit differen-
tially affects remaining synaptic glutamate receptors in cerebellum and
cochlear nuclei. European Journal of Neuroscience, 19, 2017-2029. https:
//doi.org/10.1111/j.0953-816X.2004.03324.x

Prasad, T. K., Anderson, M. D., & Stewart, C. R. (1994). Acclimation, hydro-
gen peroxide, and abscisic acid protect mitochondria against irreversible
chilling injury in maize seedlings. Plant Physiology, 105, 619-627. https:
//doi.org/10.1104/pp.105.2.619

Qi, C.-C,, Ge, J.-F,, & Zhou, J.-N. (2015). Preliminary evidence that abscisic
acid improves spatial memory in rats. Physiology & Behavior, 139, 231-
239.

Qi, C.-C., Zhang, Z., Fang, H., Liu, J., Zhou, N., Ge, J.-F,, Chen, F.-H., Xiang,
C.-B., & Zhou, J.-N. (2015). Antidepressant effects of abscisic acid medi-
ated by the downregulation of corticotrophin-releasing hormone gene
expression in rats. International Journal of Neuropsychopharmacology, 18.
https://pubmed.ncbi.nim.nih.gov/25552429/

Rafiepour, K., Esmaeili-Mahani, S., Salehzadeh, A., & Sheibani, V. (2019). Phy-
tohormone abscisic acid protects human neuroblastoma SH-SY5Y cells
against 6-hydroxydopamine-induced neurotoxicity through its antioxi-
dant and antiapoptotic properties. Rejuvenation Research, 22, 99-108.
https://doi.org/10.1089/rej.2018.2062

Razavinasab, M., Moazzami, K., & Shabani, M. (2016). Maternal mobile
phone exposure alters intrinsic electrophysiological properties of CA1
pyramidal neurons in rat offspring. Toxicology and Industrial Health, 32,
968-979. https://doi.org/10.1177/0748233714525497

Ribes-Navarro, A., Atef, M., Sanchez-Sarasua, S., Beltran-Bretones, M. T.,
Olucha-Bordonau, F., & Sanchez-Pérez, A. M. (2019). Abscisic acid sup-
plementation rescues high fat diet-induced alterations in hippocampal
inflammation and IRSs expression. Molecular Neurobiology, 56, 454-464.
https://doi.org/10.1007/s12035-018-1091-z.

Sanchez-Sarasua, S., Moustafa, S., Garcia-Avilés, A., Lopez-Climent, M. F,,
Goémez-Cadenas, A., Olucha-Bordonau, F. E., & Sanchez-Pérez, A. M.


https://doi.org/10.1074/jbc.M116.756429
https://doi.org/10.1007/s00395-009-0071-x
https://doi.org/10.1016/j.neuropharm.2011.05.015
https://doi.org/10.1177/1756285613489591
https://doi.org/10.1177/1756285613489591
https://doi.org/10.2190/FRYK-TMGA-AULW-BM5G
https://doi.org/10.2190/FRYK-TMGA-AULW-BM5G
https://doi.org/10.1080/00207454.2019.1634067
https://doi.org/10.1080/00207454.2019.1634067
https://doi.org/10.1016/0006-8993(71)90174-0
https://doi.org/10.1016/0006-8993(71)90174-0
https://doi.org/10.1073/pnas.83.4.1155
https://doi.org/10.1016/j.bcp.2011.06.042
https://doi.org/10.1016/S1474-4422(05)00991-9
https://doi.org/10.1016/S1474-4422(05)00991-9
https://doi.org/10.1096/fj.15-277731
https://doi.org/10.1096/fj.15-277731
https://doi.org/10.1096/fj.11-187351
https://doi.org/10.1093/pm/pnz017
https://doi.org/10.1093/pm/pnz017
https://doi.org/10.1016/j.jht.2018.05.001
https://doi.org/10.1016/j.jht.2018.05.001
https://doi.org/10.1016/j.ejphar.2018.05.013
https://doi.org/10.1016/j.ejphar.2018.05.013
https://doi.org/10.1016/j.physbeh.2014.02.054
https://doi.org/10.1016/j.physbeh.2014.02.054
https://doi.org/10.1046/j.1471-4159.2000.0741335.x
https://doi.org/10.1046/j.1471-4159.2000.0741335.x
https://doi.org/10.1111/j.1471-4159.2009.06107.x
https://doi.org/10.1111/j.1471-4159.2009.06107.x
https://doi.org/10.1186/s13041-015-0093-2
https://doi.org/10.1186/s13041-015-0093-2
https://doi.org/10.1016/j.ejphar.2009.05.031
https://doi.org/10.1016/j.ejphar.2009.05.031
https://doi.org/10.1111/j.0953-816X.2004.03324.x
https://doi.org/10.1111/j.0953-816X.2004.03324.x
https://doi.org/10.1104/pp.105.2.619
https://doi.org/10.1104/pp.105.2.619
https://pubmed.ncbi.nlm.nih.gov/25552429/
https://doi.org/10.1089/rej.2018.2062
https://doi.org/10.1177/0748233714525497
https://doi.org/10.1007/s12035-018-1091-z

Brain and Behavior

100f 10 Wl LEY

(2016). The effect of abscisic acid chronic treatment on neuroinflamma-
tory markers and memory in a rat model of high-fat diet induced neuroin-
flammation. Nutrition & Metabolism, 13, 1-11.

Sandhu, A. K., Gray, D. J,, Lu, J., & Gu, L. (2011). Effects of exogenous abscisic
acid on antioxidant capacities, anthocyanins, and flavonol contents of
muscadine grape (Vitis rotundifolia) skins. Food Chemistry, 126, 982-988.
https://doi.org/10.1016/j.foodchem.2010.11.105

Scarfi, S., Ferraris, C., Fruscione, F,, Fresia, C., Guida, L., Bruzzone, S., Usai,
C., Parodi, A., Millo, E., & Salis, A. (2008). Cyclic ADP-ribose-mediated
expansion and stimulation of human mesenchymal stem cells by the plant
hormone abscisic acid. Stem Cells, 26, 2855-2864. https://doi.org/10.
1634/stemcells.2008-0488

Shaikh, A. G., Miura, K., Optican, L. M., Ramat, S., Tripp, R. M., & Zee, D. S.
(2008). Hypothetical membrane mechanisms in essential tremor. Journal
of Translational Medicine, 6, 1-11. https://doi.org/10.1186/1479-5876-
6-68

Shojaei, A., Shabani, M., Pilevarian, A., Parsania, S., & Razavinasab, M. (2012).
Effect of Acute administration of Cisplatin on memory, motor learning,
balance and explorative behaviours in rats. Physiology and Pharmacology,
16,121-135.

Soti, M., Abbasnejad, M., Kooshki, R., & Esmaeili-Mahani, S. (2019). Central
microinjection of phytohormone abscisic acid changes feeding behavior,

Open Access

SHABANI ano NADERI

decreases body weight, and reduces brain oxidative stress in rats. Nutri-
tional Neuroscience, 22, 678-687. https://doi.org/10.1080/1028415X.
2018.1431093

Vaziri, Z., Abbassian, H., Sheibani, V., Haghani, M., Nazeri, M., Aghaei, I.,
& Shabani, M. (2015). The therapeutic potential of berberine chloride
hydrate against harmaline-induced motor impairments in a rat model
of tremor. Neuroscience Letters, 590, 84-90. https://doi.org/10.1016/j.
neulet.2015.01.078

Zhao, X., Ou, Z., Grotta, J. C., Waxham, N., & Aronowski, J. (2006).
Peroxisome-proliferator-activated receptor-gamma (PPARy) activation
protects neurons from NMDA excitotoxicity. Brain Research, 1073-1074,
460-469. https://doi.org/10.1016/j.brainres.2005.12.061

How to cite this article: Shabani, M., & Naderi, R. (2022).
Phytohormone abscisic acid elicits positive effects on
harmaline-induced cognitive and motor disturbances in a rat
model of essential tremor. Brain and Behavior, 12, e2564.
https://doi.org/10.1002/brb3.2564


https://doi.org/10.1016/j.foodchem.2010.11.105
https://doi.org/10.1634/stemcells.2008-0488
https://doi.org/10.1634/stemcells.2008-0488
https://doi.org/10.1186/1479-5876-6-68
https://doi.org/10.1186/1479-5876-6-68
https://doi.org/10.1080/1028415X.2018.1431093
https://doi.org/10.1080/1028415X.2018.1431093
https://doi.org/10.1016/j.neulet.2015.01.078
https://doi.org/10.1016/j.neulet.2015.01.078
https://doi.org/10.1016/j.brainres.2005.12.061
https://doi.org/10.1002/brb3.2564

	Phytohormone abscisic acid elicits positive effects on harmaline-induced cognitive and motor disturbances in a rat model of essential tremor
	Abstract
	1 | INTRODUCTION
	2 | MATERIALS AND METHODS
	2.1 | Animals
	2.2 | Drugs and experimental design
	2.3 | Surgery
	2.4 | Tremor
	2.5 | Open field test
	2.6 | Footprint
	2.7 | Rotarod test
	2.8 | Wire grip test
	2.9 | Passive avoidance test
	2.10 | Statistical analysis

	3 | RESULTS
	3.1 | Effect of ABA on tremor score and gait disturbance in harmaline-treated rats
	3.2 | Effect of ABA on explorative and anxiety-related behaviors in harmaline-treated rats
	3.3 | Effect of ABA on balance and muscle strength in harmaline-treated rats
	3.4 | Effect of ABA on learning and memory in harmaline-treated rats

	4 | DISCUSSION
	ACKNOWLEDGMENT
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT
	PEER REVIEW

	ORCID
	REFERENCES


