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Abstract
Described as amphetamine-like due to their structural and stimulant similarities, clobenzorex is one of the five most- 
commonly used drugs in Mexico for the treatment of obesity. Various studies have shown that amphetamines induce dopaminergic 
neurotoxicity and neuroinflammation in the striatum, symptoms which are associated with motor damage. For this reason, the 
present study aimed to evaluate the effect of chronic clobenzorex administration on motor behaviors, TH immunoreactivity, 
gliosis, and the neurodegenerative process in the striatum and substantia nigra pars compacta (SNpc). The present research 
was conducted on three experimental groups of male Wistar rats: the vehicle group, the amphetamine group (2 mg/kg), 
and the clobenzorex group (30 mg/kg). All groups were subject to oral administration every 24 h for 31 days. Motor activ-
ity and motor coordination were evaluated in the open field test and the beam walking test, respectively. The animals were 
euthanized after the last day of treatment to enable the extraction of their brains for the evaluation of tyrosine hydroxylase 
(TH) levels, the immunoreactivity of the glial cells, and the neurodegeneration of both the striatum and SNpc via amino-
cupric-silver stain. The results obtained show that amphetamine and clobenzorex administration decrease motor activity and 
motor coordination in the beam walking test and cause increased gliosis in the striatum, while no significant changes were 
observed in terms of immunoreactivity to TH and neurodegeneration in both the striatum and SNpc. These results suggest 
that the chronic administration of clobenzorex may decrease motor function in a manner similar to amphetamine, via the 
neuroadaptive and non-neurotoxic changes caused to the striatum under this administration scheme.
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Introduction

Clobenzorex hydrochlorate, trade name Asenlix, is an 
N-substituted compound of S (+) - amphetamine. In Mex-
ico, it is one of the five main anorectic drugs used to treat 

obesity (Espinoza-Franco and Morín-Zaragoza  2013). 
Although the US Food and Drug Administration withdrew 
clobenzorex from the market some years ago, there is evi-
dence of its availability along the USA-Mexico border (Tong 
et al. 2002). A controlled drug sold only by prescription, 
clobenzorex is available on the illicit market, where it is sold 
as a recreational drug (Cornaert et al. 1986; Baumevieille 
et al. 1997). Athletes have been reported to use it to improve 
their performance (Docherty 2008), while, in Brazil, it has 
been identified in pills seized from truck drivers who con-
sume them to remain awake and reduce fatigue when driving 
long distances (Moreira et al. 2016).

Clobenzorex and amphetamine derivatives are metabolized 
into amphetamine and excreted in the urine (Glasson et al.  
1971; Valtier and Cody 2000). Some studies have shown 
that the consumption of clobenzorex produces hepatotoxic-
ity (Tong et al. 2002) and cardiovascular side effects such 
as heart failure, arterial hypertension, and pulmonary artery 
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hypertension (Cornaert et al. 1986; Seferian et al. 2013; 
García-Alonso et al. 2019). However, its toxic effects on the 
central nervous system are unknown. Young et al. showed that 
clobenzorex exerts stimulating effects on the central nervous 
system in a manner similar to that exerted by amphetamines 
(Young et al. 1997). Furthermore, it has been shown that, after 
oral administration, up to 15% of the initial clobenzorex dose 
is metabolized to d-amphetamine (Valtier and Cody 2000), 
which could contribute to the prolongation of its stimulating 
effects.

Amphetamines and their derivatives (methamphetamine, 
or METH, and methylenedioximemethamphetamine, or 
MDMA) are neurotoxic psychostimulant drugs that induce 
short- and long-term effects. In the short term, ampheta-
mines cause euphoria, increased heart rate, hypertension, 
hyperthermia, excitement, alertness, and wakefulness 
(Homer et al. 2008; Moratalla et al. 2017). The chronic 
administration of amphetamine in laboratory animals leads 
to dopaminergic neurotoxicity, a finding which has generated 
considerable concern about the use of these compounds both 
in clinical practice and recreationally (Eisch et al. 1992). 
The alteration of the function of the vesicular monoamine 
transporter (VMAT) and the dopamine reuptake protein 
(DAT) promote increased dopamine (DA) levels (Sulzer 
et al. 2005; German et al. 2015). Furthermore, ampheta-
mines can increase serotonergic (5HT) and noradrenergic 
neurotransmission (Heal et al. 2013), while the long-term 
use of amphetamines has been associated with cognitive 
dysfunction and motor deficits in both humans and animal 
models (Ornstein et al. 2000; Volkow et al. 2001; Moratalla 
et al. 2017). Amphetamine-induced motor behavior defi-
cits are mainly related to neurotoxicity in the nigrostriatal 
dopamine system (Walsh and Wagner 1992; Ares-Santos 
et al. 2014). This dopaminergic neurotoxicity is character-
ized by a decrease in DA and its metabolites and a decrease 
in the levels of the enzyme tyrosine hydroxylase (TH) and 
the dopamine transporter in the striatum (Quinton and 
Yamamoto 2006). Acutely high amphetamine doses have 
been shown to induce neurodegeneration in the striatum and 
SNpc (Ricaurte et al. 1982; O’Callaghan et al. 1995; Ares-
Santos et al. 2014).

Studies conducted on the neurotoxicity mechanism of 
amphetamines have involved oxidative stress, excitotoxicity, 
mitochondrial dysfunction, energy failure, and neuroinflam-
mation (Cadet et al. 2007; Yamamoto et al. 2010; Halpin 
et al. 2014). Most of said studies show damage to the dopa-
minergic nerve terminals in METH or MDMA binge-dosing 
models (Krasnova and Cadet 2009; Moratalla et al. 2017). Var-
ious studies have shown that amphetamine exposure induces 
neuroinflammation (Krasnova and Cadet 2009; Northrop and 
Yamamoto 2014), glial reactivity (which includes the release 
of cytokines, chemokines, reactive oxygen, and nitrogen spe-
cies), and blood-brain barrier dysfunction (Kousik et al. 2012; 

Clark et al. 2013). The activation of microglia and astrocytes 
is a well-characterized response to amphetamines that induce 
damage to the monoamine nerve terminals of the striatum 
(O’Callaghan et al. 1995; Thomas et al. 2004; Friend and 
Keefe 2013). To date, the long-term effects of clobenzorex on 
cellular mechanisms and motor behavior are unknown, despite 
it being an amphetamine-type drug and subject to illicit use. 
The present study aimed to evaluate the effects of the chronic 
administration of clobenzorex on motor behaviors, TH immu-
noreactivity, glial cell reactivity, and the neurodegenerative 
process in the striatum and SNpc.

Materials and Methods

Animals

Adult male Wistar rats (350–450 g) (n = 42) were obtained 
from the Claude Bernard animal facilities at the Benemé-
rita Universidad Autónoma de Puebla (BUAP). The ani-
mals were individually housed in groups of three–four per 
cage under constant temperature conditions (22 ± 2 °C) 
and a 12-h light/dark cycle (lights on at 08.00), with food 
and water given ad libitum. All experimental procedures 
complied with the Guide for the Care and Use of Labora-
tory Animals set out in the corresponding Official Mexican 
Standard (NOM-062-ZOO-1999) and were approved by the 
BUAP bioethics committee.

Drug Treatments

(+) Amphetamine hydrochloride (Sigma-Aldrich Ltd., St. 
Louis, MO, USA) and clobenzorex hydrochloride were 
dissolved in isotonic saline solution (ISS) to obtain final 
concentrations of 1 mg/mL and 9 mg/mL, respectively. The 
amphetamine and clobenzorex doses were 2 mg/kg and 30 
mg/kg, respectively. The clobenzorex dose was selected in 
accordance with that reported by Young et al. (1997), who 
found that clobenzorex is 20 times less potent than ampheta-
mine. The amphetamine dose was selected based on that 
reported by Armstrong et al. (2004), who observed that it 
was the minimum repeated amphetamine dose for which an 
astrocytosis response has been observed. The pharmacologi-
cal treatments prepared shortly before daily oral administra-
tion for 31 days from 14:00 to 16:00 pm (Fig. 1).

Rectal Temperature

The rectal temperature of the animals was monitored using a 
digital thermometer (Citizen CTA301) lubricated with Vase-
line and inserted into the rectum of the animals up to a depth 
of 2 cm. The basal temperature was recorded prior to the 
administration of the drugs and every 2 h post-administration.
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Motor Behaviors

The time sequences for the behavioral tests are shown in 
Fig. 1. The motor behaviors presented by the animals were 
evaluated before the daily administration of each drug, 
in order to assess the consequences of the previous doses 
administered on motor function. Motor activity in the open 
field test was evaluated on days 2, 10, 20, and 30 post- 
treatment, while the narrow beam walking test was conducted  
on days 3, 11, 21, and 31 post-treatment. All the behaviors 
were carried out at 08:00–12:00 h and a temperature of 22 
± 2 °C, in a sound-insulated room.

Motor Activity in the Open Field Test

The animals were subject to a motor activity test four times 
over the course of the open field model experiment (Opto-
Varimex 5, Columbus Instruments, OH, USA). This test 
evaluates the distance travelled (cm), the average speed 
(cm/s), and the number of rearings made over a 15-min 
period. The present study used transparent acrylic boxes, 
44 cm long by 40 cm wide and 20 cm high, for this test, with 
the data generated then captured, recorded, and analyzed in 
the software Auto-Track.

Assessment of Motor Balance and Coordination 
in the Narrow Beam Walking Test

The motor coordination of the animals was evaluated in the 
narrow beam walking test in accordance with the protocol 
previously reported by Patricio et al. (2019). The narrow 
beam consisted of a wooden beam, 120 cm long, 2.5 cm 
wide, and 2.5 cm high and suspended 43 cm off the ground 
on wooden supports. A dark box, 15 cm × 30 cm × 20 
cm was placed at the end of the beam. Each animal was 
trained to use the beam for one day four days prior to the 

administration of each drug, undergoing five trials, with a 
1-h interval between each trial, until it could cross the beam 
and reach the dark box. If the rat stopped on the beam to 
look around, the researcher pushed it gently from behind 
with their fingers. Once the animals had been trained on 
the beam, the administration of each of the drugs of interest 
began on day 1, with motor coordination analyzed again 
on days 3, 11, 21, and 31 of administration. Evaluating the 
latency to cross the beam and the number of errors, each 
test comprised three trials with a maximum duration of 
90 s, with a 1-h interval applied between trials. An error 
was defined as any incident of slipping on the surface of  
the beam, loss of balance, or a fall from the beam (Lezcano  
2009; Biernaskie  2004), with a fall recorded as the  
maximum time permitted. The task was considered as com-
pleted when the rat had completely placed all four limbs in 
the dark box at the opposite end of the beam.

Histological Examinations

One day after the final administration of each drug, all ani-
mals (n = 14 per group) were anesthetized and intracardially 
perfused with 200–250 mL 4% paraformaldehyde in borate 
buffer (pH = 7.4). The brains were removed and stored in a 
30% sucrose solution, after which 50-µm coronal sections 
of the striatum and the SNpc were obtained in a vibratome 
(Leica VT1000S). The sections intended for A-Cu-Ag stain-
ing were kept in 4% paraformaldehyde in borate buffer, 
while the sections to be used for the immunohistochemical 
analysis for TH, GFAP, and Iba-1 were kept in phosphate-
buffered saline (PBS, pH 7.4). The striatum sections were 
taken, approximately, at 1.7 to −0.4 mm, while the SNpc 
sections were taken, approximately, −5.2 to −6.0 mm from 
the bregma.

Immunohistochemistry Analysis for Tyrosine 
Hydroxylase

The coronal sections taken from each subject were washed 
three times in 0.2% PBS-Triton X-100 for 10 min in order 
to impregnate the tissue. The endogenous peroxidase was 
deactivated via  H2O2 (3%) and methanol (10%) incuba-
tion for 20 min, with the tissue samples then washed three 
times with PBS-Triton for 10 min each wash. The non-
specific binding sites were blocked by means of incubation 
in IgG-free 2% bovine serum albumin (BSA, Sigma) for 
60 min, with the sections then incubated for two nights at 
4 °C with the monoclonal mouse antibody anti-tyrosine 
hydroxylase (TH) (Merck Millipore, USA), diluted to 
1:1000. After 48 h of incubation with the primary anti-
body at 4 °C, the brain tissue sections were incubated in 
biotinylated mouse secondary antibody (Vector Labora-
tories, Burlingame, CA) and exposed to an avidin-biotin 

Fig. 1  Scheme of the experimental sequence. Three groups were 
obtained: vehicle (SSI); clobenzorex (30 mg/kg); and amphetamine 
(2 mg/kg). Every 10 days, the animals were tested for motor activ-
ity and motor coordination prior to the administration of the drugs. 
Finally, the histological examinations were performed in the striatum 
and SNpc
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complex solution (Thermo Fisher Scientific). Finally, the 
tissue sections were incubated with 0.05% diaminobenzi-
dine and 0.03% hydrogen peroxide and then mounted on 
gelatin-coated slides, dehydrated in an ascending series of 
alcohols, cleared in xylene, and coverslipped using Poly-
Mount (PolyScience, USA).

The images of the striatum and SNpc were observed using 
a Leica DM/1000 microscope (Leica DM/1000 Microsys-
tems) at 1.5× and 10×, respectively, while the photographs 
were taken using a Jenoptik ProgRes C14 plus digital cam-
era and ProgRes software.

The TH levels in the striatum were quantified using the 
ImageJ program to graph the percentage of the area that 
had been stained. The number of TH-positive neurons in the 
SNpc was established using an image analysis tool based on 
the ImageJ program. The data are represented as the number 
of TH immunoreactive neurons in the SNpc.

Immunohistochemistry for GFAP and Iba‑1

Immunoreactivity to glial fibrillary acidic protein (GFAP) 
and ionized calcium-binding adaptor molecule 1 (Iba1) 
were used to identify astrocytes and microglia cells, respec-
tively. The presence of GFAP and Iba1 was determined by 
means of the use of specific antibodies in free-floating brain 
sections, which were permeated with 0.2% Triton X-100 in 
PBS for three wash cycles, each comprising three 10-min 
washes. The non-specific binding sites were blocked via 
incubation in IgG-free 2% bovine serum albumin (BSA, 
Sigma) for 60 min. The coronal brain sections were incu-
bated overnight at 4 °C in the corresponding antibody—
either polyclonal anti-GFAP rabbit antibody, diluted to 
1/500 (Dako, Denmark A/S), or rabbit anti-Iba1 mono-
clonal antibody, diluted to 1/500 (Wako Pure Chemical 
Industries, Ltd. Osaka, Japan). Primary antibody labeling 
was undertaken using a secondary conjugated rhodamine 
(GFAP) and visualized in the red channel, while the pri-
mary antibody was recognized using a secondary conju-
gated FICT (Iba1) and visualized in the green channel. The 
sections were mounted on gelatin-subbed glass slides and 
covered with Mowiol-DABCO resin (Sigma-Aldrich). The 
immunostained cells in the dorsomedial and dorsolateral 
striatum were observed through a Leica DM/1000 micro-
scope (Leica DM/1000 Microsystems) at 20×, while the 
photographs were taken using a Jenoptik ProgRes C14 plus 
digital camera and the ProgRes software.

The digitized images were converted into Tagged Image 
File Format files to facilitate subsequent analysis. For GFAP 
and Iba1, solely the total area of the photomicrograph that 
presented fluorescent staining was analyzed, with the thresh-
old then chosen from the vehicle group and applied to all 
experimental groups.

Amino‑cupric‑silver (A‑Cu‑Ag) Stain

Neuronal degeneration was analyzed by means of A-Cu-
Ag staining, applied in accordance with the protocol previ-
ously reported by Ares-Santos et al. (2014), which specifi-
cally stains the dendritic trees and cell bodies of damaged 
neurons and axons during the early or later stages of neu-
rodegeneration (de Olmos et al. 1994; Switzer 2000). The 
immunostained cells of the striatum were observed through 
a Leica DM/1000 microscope at 20× and those of the SNpc 
at 1.5×. The percentage of the area that was stained was cal-
culated using the ImageJ image analysis program to convert 
color intensities to grayscale, with the threshold chosen for 
the vehicle group.

Statistical Analysis

The data were analyzed by means of a Shapiro-Wilk normal-
ity test, with the data presenting parametric behavior ana-
lyzed using a one-way or two-way ANOVA and presented 
here as mean ± standard error of the mean (SEM). Relevant 
differences were analyzed pairwise via a Student’s t-test or 
a post hoc Tukey test. The data presenting non-parametric 
behavior were analyzed using a Kruskal-Wallis test and 
Dunn’s multiple comparisons test. The criterion for signifi-
cance was p < 0.05.

Results

The Chronic Oral Administration of Clobenzorex 
or Amphetamine Decreases Body Weight 
and Increases Rectal Temperature

Clobenzorex or amphetamine treatment was administered for 
31 days, with the results obtained showing that both treat-
ments decreased the body weight of treated animals signifi-
cantly more than that of the control group (p <0.05) (Fig. 2a).

The rectal temperature of the subjects was measured at 0, 
60, and 120 min on the 13th and 26th days post-treatment. 
On day 13, the rats administered with amphetamine did not 
show significant changes in rectal temperature; however, 
those administered with clobenzorex showed a significant 
increase in temperature from minute 60 onwards (mean 
38.0), which remained until minute 120 (mean 38.11) and 
was higher than that recorded for the control group (mean 
37.2; 37.1) (Fig. 2b). By day 26, it was found that both the 
amphetamine and clobenzorex groups presented a signifi-
cantly higher rectal temperature, at minute 60 (mean 37.4; 
37.8), than that found for the vehicle group (mean 36.8). At 
minute 120, only the clobenzorex group presented a higher 
temperature than the vehicle group (Fig. 2c).
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Similar to Amphetamine, Oral Clobenzorex 
Administration Decreases Locomotor Activity

Motor activity was evaluated in the open field test on days 2, 
10, 20, and 30 post-treatment prior to the daily administra-
tion of clobenzorex or amphetamine. The results obtained 
show that clobenzorex or amphetamine treatment decreases 
horizontal and vertical locomotor activity from the tenth day 
post-treatment onwards. The distance traveled in meters on 
day 2 did not change for the vehicle (mean 41.0), ampheta-
mine (mean 42.4), and clobenzorex (mean 45.7) groups. The 
amphetamine treatment was found to achieve a significantly 
lower distance traveled in the open field model, on days 10 
(mean 27.3; p < 0.001), 20 (mean 30.9; p < 0.001), and 30 
(mean 26.1; p < 0.001), than that observed for the vehicle 
group (mean 44.9; 46.4; and 44.6). Similarly, treatment with 
clobenzorex was found to achieve a significantly lower dis-
tance traveled, by days 20 (mean 38.9; p < 0.001) and 30 
(31.1; p < 0.01), than that observed for the vehicle group 
(Fig. 3a). The average speed (cm/s) observed on day 2 did 
not change for the vehicle (mean 5.6), amphetamine (mean 
6.0), and clobenzorex (mean 6.1) groups. The amphetamine 
treatment was observed to have reduced the average speed 
by days 10 (mean 4.7; p < 0.001), 20 (mean 4.8; p < 0.001), 
and 30 (mean 4.4; p < 0.001) significantly more than that 
observed for the vehicle group (mean 6.1; 6.2; and 5.9). The 
clobenzorex treatment had decreased the average speed by 
days 10 (mean 5.2; p < 0.05), 20 (mean 4.5; p < 0.001), and 

30 (4.6; p < 0.01) significantly more than that observed for 
the vehicle group (Fig. 3b). The number of rearings recorded 
on day 2 did not change for the vehicle (mean 58.7), amphet-
amine (mean 48.2), and clobenzorex (mean 54.6) groups. 
The amphetamine treatment had reduced the number of 
rearings by days 10 (mean 27.4; p < 0.01), 20 (mean 35.4;  
p < 0.05), and 30 (mean 33.6; p < 0.05) significantly more than  
that observed for the vehicle group (mean 51.1; 52.2; and 
54.3). Similarly, the clobenzorex treatment had decreased 
the number of rearings by days 20 (mean 29.8; p < 0.01) and 
30 (33.6; p < 0.05) significantly more than that observed for 
the vehicle group (Fig. 3c). The findings of the present study 
show that clobenzorex induces a deficit in locomotor activity 
in a similar way to amphetamine.

Similar to Amphetamine, the Oral Administration 
of Clobenzorex Impairs Motor Coordination

Motor coordination was evaluated in the beam walking test 
on days 3, 11, 21, and 31 post-treatment, prior to the daily 
administration of clobenzorex or amphetamine. The time 
taken by each of the experimental groups to cross the beam 
was quantified, although no significant differences were 
found for the vehicle, clobenzorex, and amphetamine groups 
(Fig. 3d). On the other hand, in terms of the number of errors 
made by the animals, the amphetamine and clobenzorex 
groups had not shown significant changes by day 3. Treat-
ment with amphetamine was found to have increased the 

Fig. 2  Chronic administration 
of clobenzorex or amphetamine 
decreases body weight and 
modifies rectal temperature. (a) 
Clobenzorex and amphetamine 
decrease body weight. Data rep-
resent mean ± SEM, n = 14 per 
group. (b, c) Clobenzorex induces 
increased body temperature on 
days 13 and 26 of treatment.  
Data represent mean ± SEM. 
Statistical analysis was con-
ducted via two-way ANOVA for 
repeated measures and a Tukey 
post-test. *p < 0.05 clobenzorex 
vs vehicle; **p < 0.01 cloben-
zorex vs vehicle; ***p < 0.001 
clobenzorex vs vehicle; #p < 0.05 
amphetamine vs vehicle
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number of errors by days 11 (mean 1.3, p < 0.05), 21 (mean 
1.2, p < 0.05), and 31 (mean 1.4; p < 0.01) significantly  
more than that observed for the vehicle group (mean 0.6, 
0.6, and 0.7). The group administered with clobenzorex had  
shown an increase, in the number of errors by days 21 (mean 
1.1, p < 0.05) and 31 (mean 1.4; p < 0.05) post-administration,  
that was higher than that observed for the vehicle group 
(Fig. 3e). The results indicate that motor behavior is affected 
by clobenzorex and amphetamine treatment.

Chronic Oral Administration of Clobenzorex 
or Amphetamine Modifies Neither Tyrosine 
Hydroxylase Levels Nor Neurodegeneration

The present study aimed to ascertain whether the motor 
effects induced by clobenzorex or amphetamine were related 
to damage sustained to the dopaminergic system. To this 
end, on day 31, the percentage area of the striatum that was 
stained and, thus, the level of TH were established, while 
both the number of TH-positive cells in the SNpc and the 
level of neurodegeneration were evaluated via A-Cu-Ag 
staining (Figs. 4 and 5). The results obtained show that treat-
ment with either amphetamine (mean 83.1) or clobenzorex 
(mean 83.0) does not modify the percentage area stained for 
the TH enzyme in the striatum to a greater degree than that 
observed for the control group (mean 82.5) (Fig. 4d). The 
evaluation of the SNpc revealed that treatment with amphet-
amine (mean 171.3) or clobenzorex (mean 154.0) did not 

modify the number of +TH cells to a greater degree than 
that observed for the control group (mean 153.2) (Fig. 5d). 
Furthermore, treatment with amphetamine (mean 0.041, 
0.34) or clobenzorex (mean 0.12, 0.35) did not increase neu-
rodegeneration in the striatum and SNpc significantly more 
than the control group (mean 0.05, 0.50) (Figs. 4e and 5e).

The Chronic Oral Administration of Clobenzorex 
or Amphetamine Increases Gliosis in the Striatum

Immunohistochemical staining via GFAP and Iba-1 was 
applied to determine astrocyte and microglial activation 
(Figs. 6 and 7). The results obtained showed that 31 days 
after the oral administration of clobenzorex, the levels 
of GFAP and Iba-1 in the dorsomedial striatum (DMS) 
increased by 11.8% and 3.4%, respectively, while the vehi-
cle group presented a GFAP-stained area of 1.7% and an 
Iba-1-stained area of 1.7% (p < 0.001). The amphetamine 
group showed larger percentage areas of GFAP and Iba-1 
staining in the DMS, 4.4% and 2.9%, respectively, than those 
observed for the vehicle group (p < 0.05). Moreover, it was 
observed that the clobenzorex group presented a larger per-
centage area stained by GFAP than that observed for the 
amphetamine group (p < 0.01) (Fig. 6).

The immunoreactivity of GFAP and Iba-1 in the dorsolat-
eral striatum (DLS) was also analyzed (Fig. 7). The results 
obtained found that the oral administration of clobenzorex 
caused a significantly higher percentage of the area of the 

Fig. 3  Chronic clobenzorex or 
amphetamine administration 
decreases locomotor activity 
in the open field test and motor 
coordination. Motor activity 
was evaluated by (a) distance 
travelled, (b) average speed, 
and (c) number of rearings. 
(d) Time to cross beam and (e) 
number of errors in the narrow 
beam test. Data show mean ± 
SEM, n = 14 per group. Statisti-
cal analysis was conducted via 
two-way ANOVA for repeated 
measures and a Tukey post-test. 
*p < 0.05 vs vehicle; **p < 
0.01 vs vehicle; and ***p < 
0.001 vs vehicle
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DLS that was stained, 6.9% and 3.9% for GFAP and Iba-1 
(p < 0.001, p < 0.01), respectively, than that observed for 
the vehicle group (1.7% for the GFAP-stained area and 2.1% 
for the Iba-1-stained area). The amphetamine group showed 
greater percentages of GFAP and Iba-1-stained areas in the 
DLS, 3.9% and 3.3%, respectively, than those observed for 
the vehicle group (p < 0.05). The findings of the present 
study show that the chronic administration of clobenzorex 
or amphetamine increased GFAP and Iba-1 levels in both 
the DMS and DLS.

Discussion

Clobenzorex is a drug used for both therapeutic purposes 
and recreationally (Cornaert et  al.  1986; Baumevieille 
et al. 1997; Tong et al. 2002; Docherty 2008; Espinoza-
Franco and Morín-Zaragoza, 2013; Moreira et al. 2016). 

Therefore, there is a critical need to understand the cellu-
lar mechanisms involved in triggering both toxic effects in 
the brain and motor behavior. The present study found that 
chronic treatment with clobenzorex or amphetamine causes 
a decrease in locomotor activity and an alteration in motor 
coordination. The alterations in motor function were accom-
panied by the activation of glial cells in the dorsal stria-
tum, with no evidence found of nigrostriatal dopaminergic 
neurotoxicity after chronic exposure. In addition, a decrease 
in body weight and an increase in body temperature were 
observed.

The results obtained indicate that treatment with cloben-
zorex or amphetamine reduces the subject’s body weight 
and coincide with the findings of other research groups that 
show that the chronic administration of METH at low doses 
causes a decrease in body weight (Lloyd et al. 2017; Thanos 
et al. 2016). It has been proposed that the decrease in body 
weight observed with the administration of amphetamine is 
attributed to the decreased food intake caused by the appetite 
suppression associated with this drug (Shu-Chen et al. 2014). 
This suggests that the doses of amphetamine and cloben-
zorex used in the present study have anorexic effects. The 
appetite suppression induced by amphetamines (including 
clobenzorex) is mediated by increased levels of monoamines 
in the paraventricular nucleus of the hypothalamus, while the 
activation of the noradrenergic (Wellman et al. 1993) and 
serotonergic (Bovetto and Richard 1995) systems is involved 
in suppressing food intake. Acute exposure to amphetamines 
has been shown to cause weight loss, which has been associ-
ated with changes in peripheral hormones such as ghrelin, 
leptin, and the neuropeptide Y (Kobeissy et al. 2008a, b). 
Both peripheral and central mechanisms could be used to 
mediate the decrease in body weight induced by the chronic 
administration of amphetamine or clobenzorex, as evidenced 
in the present study.

Additionally, the daily intraperitoneal administration 
of METH at 4 and 8 mg/kg in rats for 16 weeks has been 
shown to decrease both body weight and food intake (Thanos 
et al. 2017) due to changes in the peripheral signals that control 
satiety. A decrease in food intake has been found with the use 
of METH in humans and rodents and is related to a modifica-
tion in leptin, ghrelin, and neuropeptide Y signaling (Comer 
et al. 2001; Kirkpatrick et al. 2019; Kobeissy et al. 2008a, 
b). This finding rules out the conclusion that the reduction 
in locomotor activity observed in the present study is due to 
reduced food consumption, as the neuronal circuits involved 
are different.

On days 13 and 26 of the present study, the administration 
of clobenzorex caused an increase in body temperature 120 
min after administration. The increase in body temperature 
induced by clobenzorex could be related to the activation of 
the neuroendocrine axis, as well as the release of monoam-
ines at a central and peripheral level, an effect also induced 

Fig. 4  Chronic clobenzorex or amphetamine administration does not 
modify TH expression and degeneration in the striatum. Photomicro-
graphs show (a) the immunoreactivity of TH, (b) amino-cupric-silver 
(A-Cu-Ag) staining, and (c) scheme of striatum localization in a rat 
brain coronal section. (d) Histograms show the percentage of the total 
area stained for TH in the striatum. The values show mean ± SEM, 
n = 6 per group. The statistical analysis was conducted via one-way 
ANOVA and a post hoc Tukey test. (e) Histograms show the per-
centage of A-Cu-Ag staining in the striatum. The values show mean 
± SEM, n = 4 per group. Statistical analysis was conducted via a 
Kruskal-Wallis test and Dunn’s multiple comparisons
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by amphetamine derivatives (Matsumoto et al. 2014). Ther-
mogenesis induced via METH or MDMA has been shown to 
promote norepinephrine release in the sympathetic nervous 
system, the activation of the hypothalamic-pituitary-thyroid  
axis, and glucocorticoid secretion in the adrenal cortex 
(Makisumi et al. 1998; Sprague et al. al. 2003). Clobenzorex 
treatment in humans has not been associated with hyper-
thermia at therapeutic doses (Espinoza-Franco and Morín-
Zaragoza 2013). Our results show that the administration of 
clobenzorex significantly increases rectal temperature with-
out reaching hyperthermia, with, on day 26, the ampheta-
mine group presenting an increase in rectal temperature 60 
min post-administration, which is due to the low dose (2 
mg/kg) administered in the present study. In binge-dosing 
models, the lowest dose of amphetamine or METH capable 
of producing hyperthermia is 3–4 mg/kg (Levi et al. 2012; 
McConnell et al. 2015).

It is well-described that locomotor activity is stimulated 
by the acute administration of amphetamines (Hirabayashi 
et al. 1981; Young et al. 1997; Heal et al. 2013), including 
clobenzorex (Young et al. 1997). The persistent administra-
tion of amphetamine stimulants has been shown to damage 
motor behavior in animal models (Walsh and Wagner 1992; 
Wallace et al. 2001; Timár et al. 2003; Ares-Santos et al. 2014; 
Moratalla et al. 2015). However, the foregoing studies evalu-
ate motor impairment after the acute administration of high 

doses of METH or MDMA. For the first time, the present 
study shows that prolonged treatment with clobenzorex has 
detrimental effects on locomotor activity. The chronic admin-
istration of amphetamine shows a decrease in locomotor activ-
ity that occurs even earlier than that observed for the cloben-
zorex group. This disparity indicates that clobenzorex takes 
longer than amphetamine to produce the same impairment in 
motor function. Furthermore, treatment with clobenzorex and 
amphetamine resulted in a significant increase in the number 
of errors observed in the beam walking test, evidencing a 
decrease in fine motor coordination. These results suggest that 
chronic treatment with clobenzorex results in impaired motor 
behavior similar to that observed with amphetamine treatment. 
Impaired motor function, specifically the impairment of both 
gross motor function performance and fine motor coordina-
tion, has been reported in chronic METH abusers (Volkow 
et al. 2001; Kalechstein et al. 2003). These findings could 
explain the risk of fatal traffic accidents for truck drivers who 
use stimulants to keep themselves awake (Logan 1996; Crifasi 
and Long 1996; Gates et al. 2013). Epidemiological studies 
conducted between 1998 and 2015 have found that ampheta-
mines are one of the main drug types associated with traffic 
accidents (Gjerde et al. 2015). Furthermore, a positive relation-
ship between blood amphetamine concentrations and impaired 
driving ability has been demonstrated (Gustavsen et al. 2006). 
Thus, the motor deficits induced by the administration of 

Fig. 5  Chronic clobenzorex or 
amphetamine administration 
does not modify the expression 
of TH or degeneration in the 
SNpc. Photomicrographs show 
the immunoreactivity of TH (a) 
and amino-cupric-silver (A-Cu-
Ag) staining (b). (c) Scheme of 
SNpc localization in a rat brain 
coronal section. (d) Histograms 
show the number of TH immu-
noreactive cells in the SNpc. 
The values show mean ± SEM, 
n = 6 per group. Statistical 
analysis was conducted via one-
way ANOVA and a post hoc 
Tukey test. (e) Histograms show 
the percentage area of A-Cu-Ag 
staining in the SNpc. The values 
show mean ± SEM, n = 4 per 
group. Statistical analysis was 
conducted via a Kruskal-Wallis 
test and Dunn’s multiple com-
parisons. Bar indicates 500 µm
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clobenzorex could have an impact on the motor behavior of 
those truck drivers who consume it.

Amphetamine-induced motor disturbances mainly occur 
due to dopaminergic neurotoxicity in the dorsal striatum in 
binge-dosing models (Walsh and Wagner 1992; Moratalla 
et al. 2017). However, the present study shows that the 31-day 
administration of amphetamine or clobenzorex does not result 
in the loss of dopaminergic terminals in either the striatum 
or the respective cell bodies of the SNpc. The evaluation of 
neurodegeneration via A-Cu-Ag staining conducted in the 
present research revealed no neurodegeneration in either 
brain region. These results suggest that the decreased motor 
function caused by the chronic administration of clobenzo-
rex is not related to a decrease in nigrostriatal dopaminergic 
innervation. Le Cozannet et al. (2013) showed that the intra-
venous self-administration of METH in rats induces hypolo-
comotion without presenting dopaminergic decrease in the 
striatum. However, other studies have shown alterations in 
striatal dopaminergic neurotransmission after prolonged expo-
sure to METH (Segal et al. 2005; Lacán et al. 2013; Thanos 
et al. 2016), without the loss of SNpc cells (Lacán et al. 2013). 
This suggests that neuroadaptive changes occur in the striatal 
dopaminergic system, in response to prolonged exposure to 
clobenzorex and amphetamine that result in decreased loco-
motor activity and motor coordination.

On the other hand, a single dose of amphetamine (10 mg/
kg) has been shown to damage the dopaminergic system 

via mechanisms such as excitotoxicity, oxidative stress, 
and energy failure (mitochondrial dysfunction) (Tung et al. 
2017). Another study, which measured striatal DAT, TH, 
and DA levels, found that the acute administration of four 
5 mg/kg amphetamine injections at 2-h intervals decreases 
the integrity of the dopaminergic terminals (Angoa-Perez 
et al. 2013). However, despite the significant evidence of 
the neurotoxicity induced by amphetamine, there is little 
evidence demonstrating its effect on neurodegeneration. 
Ricaurte et al. (1984) showed that the continuous adminis-
tration of amphetamine or methamphetamine, at a dose of 
4 mg/kg for 3 days, increases the amount of fine granular 
argyrophilic debris indicative of the degeneration of stri-
atal fibers. However, it has been shown that a single injec-
tion of a high dose of amphetamine, 30 mg/kg, does not 
induce neuronal death in the rat striatum, as determined 72 
h after treatment using the Fluoro-Jade C stain (Marques 
et al. 2008). The present study found no evidence of neu-
rodegeneration in either the striatum or the SNpc after 31 
days of clobenzorex or amphetamine treatment. It should 
be noted that Ricaurte et al. did find evidence both of the 
induction of the neurodegenerative process via the admin-
istration of amphetamine at a dose higher than that used 
in the present study and of the short-term toxic effects of 
amphetamine.

One possible mechanism caused by chronic exposure to 
clobenzorex or amphetamine is the downregulation and/or 

Fig. 6  Chronic clobenzorex or 
amphetamine administration 
induces expression of GFAP 
and Iba-1 in the dorsomedial 
striatum. Photomicrographs 
of the dorsomedial striatum 
(DMS) section, stained with 
GFAP (a) and Iba-1 (b). (c) 
Scheme of the DMS in a rat 
brain coronal section. Histo-
grams show the proportional 
GFAP-ir (d) and Iba-1-ir (e) 
stained areas. The values show 
± SEM, n = 4 per group. Sta-
tistical analysis was conducted 
with a Kruskal-Wallis analysis 
and Dunn’s multiple compari-
sons test. *p < 0.05 vs vehicle; 
***p < 0.001 vs vehicle; ##p 
< 0.01 vs amphetamine. Bar 
indicates 200 µm
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desensitization of DA receptors. The chronic administra-
tion of METH in rats has been shown to induce a decrease 
in D1 and D2 receptor levels (Segal et al. 2005; Thanos 
et al. 2017). Furthermore, a decrease in D2 receptor den-
sity has been demonstrated in non-human primates after 
chronic amphetamine treatment (Ginovart et  al.  1999). 
The decreased D2 receptor levels induced by amphetamine 
seem to depend on the internalization mediated by arrestin-3 
(Skinbjerg et al. 2010), while, in addition, a desensitization 
of the D2 receptor has been observed after chronic METH 
administration (Lacán et al. 2013).

It has been reported that one neurotoxic response to the 
administration of amphetamines or METH is glial reactivity, 
which triggers a neuroinflammation response (O’Callaghan 
et al. 1995; Thomas et al. 2004; Friend and Keefe 2013). 
METH increases reactive microglia levels in the striatum, 
hippocampus, cortex, and SNpc. METH also increases 
GFAP immunoreactivity in the striatum (Ares-Santos et al.  
2014) and indusium griseum (Carmena et al. 2015). The 
present study found that chronic treatment with clobenzorex 
or amphetamine induces a significant increase in immuno-
reactivity to GFAP and Iba-1 in the dorsomedial and dorso-
lateral striatum, indicating the activation of astrocytes and 
microglia, respectively (Sofroniew and Vinters 2010; Ito 
et al. 1998). Although it is not clear exactly how ampheta-
mines induce neuroinflammation, previous research has 
involved the activation of glutamatergic receptors and DA 
toxicity, as it is related to the induction of oxidative stress 

through the production of ROS, quinomas, and semiquinones 
(Thomas and Kuhn 2005; Kuhn et al. 2006; Shah et al. 2012; 
Northrop and Yamamoto 2014). Increased extracellular lev-
els of DA and glutamate have been found in response to cer-
tain amphetamines (Nash and Yamamoto 1992). Therefore, 
it is reasonable to postulate that the activation of astrocytes 
and microglia induced by the administration of clobenzorex 
may be a consequence of the sustained release of DA, and 
probably glutamate, which promotes the formation of reac-
tive oxygen species and generates oxidative stress.

Astrocytic reactivity is likely to be triggered at an early 
point during clobenzorex treatment, even before motor dis-
turbances become apparent. Data obtained by our research 
group show that 15 days after treatment with clobenzorex, 
a significant increase in the number of GFAP-positive cells 
occurs (Supplementary Figure 1). These findings suggest 
that the motor dysfunction induced by chronic clobenzorex 
or amphetamine treatment may be related to the neuroin-
flammatory response observed in the striatum. It is impor-
tant to mention that astrocytes, unlike microglia, play a pro-
tective role by increasing reduced glutathione (GSH) levels, 
increasing growth factor and molecule levels for axonal 
regeneration (Ares-Santos et al. 2014). These findings are 
probably related to the increased GFAP immunoreactivity 
observed 15 days after clobenzorex treatment. In summary, 
the results of the present study show that chronic treatment 
with clobenzorex at anorectic or amphetamine doses results 
in decreased motor function in rats. Although, under these 

Fig. 7  Chronic clobenzorex 
or amphetamine administra-
tion induces GFAP and Iba-1 
expression in the dorsolateral 
striatum. Photomicrographs of 
the dorsolateral striatum (DLS) 
section, stained with GFAP (a) 
and Iba-1 (b). (c) DLS scheme 
in a rat brain coronal section. 
Histograms show the propor-
tional area of GFA-ir (d) and 
Iba-1-ir (e) staining. The values 
show mean ± SEM, n = 4 per 
group. Statistical analysis was 
conducted with a Kruskal-Wallis 
analysis and Dunn’s multiple 
comparisons test. *p < 0.05 vs 
vehicle; **p < 0.01 vs vehicle; 
***p < 0.001 vs vehicle. Bar 
indicates 200 µm
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treatment conditions, the nigrostriatal dopaminergic pathway 
was not itself affected, it did promote glial reactivity. These 
findings could have significant implications for the use of 
clobenzorex in the treatment of obesity, its consumption 
by truck drivers, and its deleterious effect on motor skills. 
However, more studies are required to explore the conse-
quences of non-therapeutic and prolonged doses related to 
the abuse of clobenzorex and/or amphetamine (see Supple-
mentary Figure Materials and Methods).

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12640- 021- 00395-1.

Acknowledgements Our thanks to Dr. Victor Alemán, CINVESTAV 
(IPN, Mexico City), for the donation of the drug (+) amphetamine 
hydrochloride. Clobenzorex hydrochloride was provided by the Claude 
Bernard bioterium at the BUAP. Thanks to Benjamin Stewart (English 
language native and academic proof-reader) for editing the English 
language text.

Funding This work was supported by a grant from extraordinary sup-
port VIEP-BUAP-2020 given to Patricio-Martínez A.

References

Angoa-Pérez M, Kane MJ, Briggs DI, Francescutti DM, Sykes CE, 
Shah MM, Thomas DM, Kuhn DM (2013) Mephedrone does not 
damage dopamine nerve endings of the striatum, but enhances the 
neurotoxicity of methamphetamine, amphetamine, and MDMA. J 
Neurochem 125(1):102–10

Ares-Santos S, Granado N, Espadas I, Martinez-Murillo R, Moratalla 
R (2014) Methamphetamine causes degeneration of dopamine cell 
bodies and terminals of the nigrostriatal pathway evidenced by 
silver staining. Neuropsycho 39(5):1066–1080

Armstrong V, Reichel CM, Doti JF, Crawford CA, McDougall SA 
(2004) Repeated amphetamine treatment causes a persistent eleva-
tion of glial fibrillary acidic protein in the caudate-putamen. Eur 
J Pharmacol 488(1–3):111–115

Baumevieille M, Haramburu F, Bégaud B (1997) Abuse of pre-
scription medicines in southwestern France. Annals of Pharma 
31(7–8):847–850

Biernaskie J, Chernenko G, Corbett D (2004) Efficacy of rehabilitative 
experience declines with time after focal ischemic brain injury. J 
Neurosci 24(5):1245–1254

Bovetto S, Richard D (1995) Functional assessment of the 5-HT 
1A-, 1B-, 2A/2C-, and 3-receptor subtypes on food intake 
and metabolic rate in rats. Am J Physiol Regul Integr Comp 
Physiol 268(1):R14–R20

Cadet JL, Krasnova IN, Jayanthi S, Lyles J (2007) Neurotoxicity of 
substituted amphetamines: molecular and cellular mechanisms. 
Neurotoxicity Res 11(3–4):183–202

Carmena A, Granado N, Ares-Santos A, Alberquilla S, Tizabi Y, Moratalla 
R (2015) Methamphetamine-induced toxicity in indusium griseum 
of mice is associated with astro- and microgliosis. Neurotox Res 
27(3):209–16

Clark KH, Wiley CA, Bradberry CW (2013) Psychostimulant abuse 
and neuroinflammation: emerging evidence of their interconnec-
tion. Neurotox Res 23(2):174–188

Comer SD, Hart CL, Ward AS, Haney M, Foltin RW, Fischman MW 
(2001) Effects of repeated oral methamphetamine administration 
in humans. Psychopharmacol (Berl.) 155:397–404

Cornaert P, Camblin J, Graux P, Anaye B, Dutoit A, Croccel L (1986) 
Congestive cardiomyopathy in addiction to clobenzorex, an ano-
rexigenic drug. Archives des maladies du coeur et des vaisseaux 
79(4):515–518

Crifasi J, Long C (1996) Traffic fatality related to the use of methylen-
edioxymethamphetamine. J Forensic Sci 41(6):1082–1084

De Olmos JS, Beltramino CA, De Lorenzo SDO (1994) Use of an 
amino-cupric-silver technique for the detection of early and semi-
acute neuronal degeneration caused by neurotoxicants, hypoxia, 
and physical trauma. Neurotoxicol Teratology 16(6):545–561

Docherty JR (2008) Pharmacology of stimulants prohibited by the 
World Anti-Doping Agency (WADA). British J Pharmacol 
154(3):606–622

Eisch AJ, Gaffney M, Weihmuller FB, O’Dell SJ, Marshall JF (1992) 
Striatal subregions are differentially vulnerable to the neurotoxic 
effects of methamphetamine. Brain Res 598(1–2):321–6

Espinosa-Franco B, Morín-Zaragoza R (2013) Efectos adversos de 
fármacos anorexigénicos de liberación prolongada. Vertientes. 
Revista Especializada en Ciencias de la Salud, 16(1)

Friend DM, Keefe KA (2013) Glial reactivity in resistance to metham-
phetamine-induced neurotoxicity. J Neurochem 125(4):566–574

García-Alonso D, Morgenstern-Kaplan D, Cohen-Welch A, Lozano-
Cuenca J, López-Canales JS (2019) Possible mechanisms involved 
in the vasorelaxant effect produced by anorexigenic drugs in rat 
aortic rings. Med Sci (Basel). 7(3):39

Gates J, Dubois S, Mullen N, Weaver B, Bédard M (2013) The influ-
ence of stimulants on truck driver crash responsibility in fatal 
crashes. Forensic Sci Int 228(1–3):15–20

German CL, Baladi MG, McFadden LM, Hanson GR, Fleckenstein 
AE (2015) Regulation of the dopamine and vesicular monoamine 
transporters: pharmacological targets and implications for disease. 
Pharmacol Rev 67(4):1005–1024

Ginovart N, Farde L, Halldin C, Swahn CG (1999) Changes in striatal 
D2-receptor density following chronic treatment with ampheta-
mine as assessed with PET in nonhuman primates. Synapse 
31(2):154–162

Gjerde H, Strand MC, Mørland J (2015) Driving under the influence 
of non-alcohol drugs–an update. Part I: epidemiological studies. 
Forensic Sci Rev 27(2):89–113

Glasson B, Benakis A, Thomasset M (1971) Localisation, distribu-
tion, excretion and metabolism of the new, C14-labelled appetite 
depressant clobenzorex hydrochloride. Arzneimittelforschung 
1971(21):1985–1992

Gustavsen I, Mørland J, Bramness JG (2006) Impairment related to 
blood amphetamine and/or methamphetamine concentrations in 
suspected drugged drivers. Acc Anal Prevent 38(3):490–495

Halpin LE, Collins SA, Yamamoto BK (2014) Neurotoxicity of meth-
amphetamine and 3, 4-methylenedioxymethamphetamine. Life 
sciences 97(1):37–44

Heal DJ, Smith SL, Gosden J, Nutt DJ (2013) Amphetamine, past and 
present–a pharmacological and clinical perspective. J Psychop-
harmacol 27(6):479–496

Hirabayashi M, Alam MR (1981) Enhancing effect of methampheta-
mine on ambulatory activity produced by repeated administration 
in mice. Pharmacol Biochem and Behavior 15(6):925–932

Homer BD, Solomon TM, Moeller RW, Mascia A, DeRaleau L, Halkitis 
PN (2008) Methamphetamine abuse and impairment of social func-
tioning: a review of the underlying neurophysiological causes and 
behavioral implications. Psychol Bull 134(2):301–10

Ito D, Imai Y, Ohsawa K, Nakajima K, Fukuuchi Y, Kohsaka S (1998) 
Microglia-specific localisation of a novel calcium binding protein, 
Iba1. Molecular brain research 57(1):1–9

Kalechstein AD, Newton TF, Green M (2003) Methamphetamine 
dependence is associated with neurocognitive impairment in the 
initial phases of abstinence. The J Neuropsych  Clinical Neurosc 
15(2):215–220

1415Neurotoxicity Research (2021) 39:1405–1417

https://doi.org/10.1007/s12640-021-00395-1


1 3

Kirkpatrick MG, Gunderson EW, Perez AY, Haney M, Foltin RW, 
Hart CL (2019) A direct comparison of the behavioral and physi-
ological effects of methamphetamine and 3,4-methylenedioxym-
ethamphetamine (MDMA) in humans. Psychopharmacol (Berl.) 
219:109–122

Kobeissy FH, Jeung JA, Warren MW, Geier JE, Gold MS (2008) Pre-
clinical study: Changes in leptin, ghrelin, growth hormone and 
neuropeptide-Y after an acute model of MDMA and metham-
phetamine exposure in rats. Addict Biol 13(1):15–25

Kobeissy FH, Jeung JA, Warren MW, Geier JE, Gold MS (2008) 
Changes in leptin ghrelin, growth hormone and neuropeptide-Y 
after an acute model of MDMA and methamphetamine exposure 
in rats. Addict Biol 13:15–25

Kousik SM, Napier TC, Carvey PM (2012) The effects of psychostimu-
lant drugs on blood brain barrier function and neuroinflammation. 
Frontier Pharmacol 3:121

Krasnova IN, Cadet JL (2009) Methamphetamine toxicity and mes-
sengers of death. Brain Res Rev 60(2):379–407

Kuhn DM, Francescutti-Verbeem DM, Thomas DM (2006) Dopamine 
quinones activate microglia and induce a neurotoxic gene expression 
profile. Annals New York Acad Sci 1074(1):31–41

Laćan G, Hadamitzky M, Kuczenski R, Melega WP (2013) Altera-
tions in the striatal dopamine system during intravenous meth-
amphetamine exposure: effects of contingent and noncontingent 
administration. Synapse 67(8):476–488

Le Cozannet R, Markou A, Kuczenski R (2013) Extended-access, but 
not limited-access, methamphetamine self-administration induces 
behavioral and nucleus accumbens dopamine response changes in 
rats. Euro J Neurosci 38(10):3487–3495

Levi MS, Divine B, Hanig JP, Doerge DR, Vanlandingham MM, 
George NI, Bowyer JF (2012) A comparison of methylphenidate-, 
amphetamine-, and methamphetamine-induced hyperthermia and 
neurotoxicity in male Sprague-Dawley rats during the waking 
(lights off) cycle. Neurotoxic Tera 34(2):253–262

Lezcano LB, Pedre LDCL, Verdecia CIF, Sánchez TS, Fuentes NP, 
Turner LF (2009) Convenience of the traversal beam test modi-
fied to evaluate the model of Parkinsons disease in rat lesioned in 
SNPC. J Ani Biol 3(9):145–151

Lloyd SA, Corkill B, Bruster MC, Roberts RL, Shanks RA (2017) 
Chronic methamphetamine exposure significantly decreases 
microglia activation in the arcuate nucleus. J Chem Neuro 82:5–11

Logan BK (1996) Methamphetamine and driving impairment. Journal 
of Forensic Science 41(3):457–464

Makisumi T, Yoshida KI, Watanabe T, Tan N, Murakami N, Morimoto 
A (1998) Sympatho-adrenal involvement in methamphetamine-
induced hyperthermia through skeletal muscle hypermetabolism. 
Euro J Pharmacol 363(2–3):107–112

Marques E, Vasconcelos F, Rolo MR, Pereira FC, Silva AP, Macedo  
TR, Ribeiro CF (2008) Influence of chronic exercise on the 
amphetamine-induced dopamine release and neurodegeneration 
in the striatum of the rat. Ann N Y Acad Sci. 1139:222–231

Matsumoto RR, Seminerio MJ, Turner RC, Robson MJ, Nguyen L, 
Miller DB, O’callaghan JP (2014) Methamphetamine-induced 
toxicity: an updated review on issues related to hyperthermia. 
Pharmacol Herapeutics 144(1):28–40

McConnell SE, O’Banion MK, Cory-Slechta DA, Olschowka 
JA, Opanashuk LA (2015) Characterization of binge-dosed  
methamphetamine-induced neurotoxicity and neuroinflammation.  
Neurotoxicology 50:131–141

Moratalla R, Khairnar A, Simola N, Granado N, García-Montes JR, 
Porceddu PF, Morelli M (2017) Amphetamine-related drugs neu-
rotoxicity in humans and in experimental animals: main mecha-
nisms. Progress Neurobiol 155:149–170

Moreira RV, da Costa JL, Menezes MR, de Faria DL (2016) Accessing 
the chemical profile of ecstasy tablets seized in São Paulo (Brazil) 
by FT-Raman spectroscopy. Vibrational Spectroscopy 87:104–110

Nash JF, Yamamoto BK (1992) Methamphetamine neurotoxicity and 
striatal glutamate release: comparison to 3, 4-methylenedioxym-
ethamphetamine. Brain Res 581(2):237–243

Northrop NA, Yamamoto BK (2014) Methamphetamine neurotoxic-
ity and neuroinflammatory processes. In Neuroinflammation and 
neurodegeneration. Springer, New York, NY, pp 443–462

O’Callaghan JP, Jensen KF, Miller DB (1995) Quantitative aspects of 
drug and toxicant-induced astrogliosis. Neurochem Internation 
26(2):115–124

Ornstein TJ, Iddon JL, Baldacchino AM, Sahakian BJ, London M, Everitt 
BJ, Robbins TW (2000) Profiles of cognitive dysfunction in chronic 
amphetamine and heroin abusers. Neuropsychopharma 23(2):113

Patricio F, Parra I, Martínez I, Pérez-Severiano F, Montes S, Aguilera J, 
Limón ID, Tizabi Y, Mendieta L (2019) Effectiveness of fragment 
C domain of tetanus toxin and pramipexole in an animal model of 
Parkinson’s disease. Neurotoxicity Res 35(3):699–710

Quinton MS, Yamamoto BK (2006) Causes and consequences of meth-
amphetamine and MDMA toxicity. The AAPS J 8(2):E337–E337

Ricaurte GA, Guillery RW, Seiden LS, Schuster CR, Moore RY (1982) 
Dopamine nerve terminal degeneration produced by high doses 
of methylamphetamine in the rat brain. Brain res 235(1):93–103

Ricaurte GA, Seiden LS, Schuster CR (1984) Further evidence that 
amphetamines produce long-lasting dopamine neurochemi-
cal deficits by destroying dopamine nerve fibers. Brain Res 
303(2):359–364

Seferian A, Chaumais MC, Savale L, Gunther S, Tubert-Bitter P, Humbert 
M (2013) Drugs induced pulmonary arterial hypertension. Presse  
Med 42(Part 2):e303–e310. https:// doi. org/ 10. 1016/j. lpm. 2013. 07. 005

Segal DS, Kuczenski R, O’Neil ML, Melega WP, Cho AK (2005) 
Prolonged exposure of rats to intravenous methamphetamine: 
behavioral and neurochemical characterization. Psychopharma-
col 180(3):501–512

Shah A, Silverstein PS, Singh DP, Kumar A (2012) Involvement of 
metabotropic glutamate receptor 5, AKT/PI3K signaling and 
NF-κB pathway in methamphetamine-mediated increase in IL-6 
and IL-8 expression in astrocytes. J Neuroinflammat 9(1):52

Shu-Chen C, Chen PN, Hsieh YS, Yu CH, Lin MH, Lin YH, Kuo DY 
(2014) Involvement of hypothalamic PI3K–STAT3 signalling in 
regulating appetite suppression mediated by amphetamine. British 
Journal of Pharmacology 171(13):3223–3233

Skinbjerg M, Liow JS, Seneca N, Hong J, Lu S, Thorsell A, Innis 
RB (2010) D2 dopamine receptor internalization prolongs the 
decrease of radioligand binding after amphetamine: a PET study 
in a receptor internalization-deficient mouse model. Neuroimage 
50(4):1402–1407

Sofroniew MV, Vinters HV (2010) Astrocytes: biology and pathology. 
Acta neuropathologica 119(1):7–35

Sprague JE, Banks ML, Cook VJ, Mills EM (2003) Hypothalamicpituitary- 
thyroid axis and sympathetic nervous system involvement in hyper-
thermia induced by 3, 4-methylenedioxymethamphetamine (Ecstasy). 
J Pharmacol Exp Therapeutics 305(1):159–166

Sulzer D, Sonders MS, Poulsen NW, Galli A (2005) Mechanisms of 
neurotransmitter release by amphetamines: a review. Progress in 
Neurobiology 75(6):406–433

Switzer RC (2000) Application of silver degeneration stains for neuro-
toxicity testing. Toxicol Pathol 28(1):70–83

Thanos PK, Kim R, Delis F, Ananth M, Chachati G, Rocco MJ, Cadet 
JL (2016) Chronic methamphetamine effects on brain structure 
and function in rats. PloS one 11(6):e0155457

Thanos PK, Kim R, Delis F, Rocco MJ, Cho J, Volkow ND (2017) 
Effects of chronic methamphetamine on psychomotor and cogni-
tive functions and dopamine signaling in the brain. Behav Brain 
Res 320:282–290

Thomas DM, Kuhn DM (2005) MK-801 and dextromethorphan block 
microglial activation and protect against methamphetamine-
induced neurotoxicity. Brain Res 1050(1–2):190–198

1416 Neurotoxicity Research (2021) 39:1405–1417

https://doi.org/10.1016/j.lpm.2013.07.005


1 3

Thomas DM, Dowgiert J, Geddes TJ, Francescutti-Verbeem D, Liu X, 
Kuhn DM (2004) Microglial activation is a pharmacologically 
specific marker for the neurotoxic amphetamines. Neuroscience 
Letters 367(3):349–354

Timár J, Gyarmati S, Szabo A, Fürst S (2003) Behavioural changes 
in rats treated with a neurotoxic dose regimen of dextrorotatory 
amphetamine derivatives. Behav Pharmacol 14(3):199–206

Jing Tong, Prasad S, Meza AD, Demke J (2002) Clobenzorex-induced 
hepatitis: a case report from US-Mexico border. The Am J Gas-
troenterol 9(97):S204–S205

Tung CS, Chang ST, Huang CL, Huang NK (2017) The neurotoxic 
mechanisms of amphetamine: step by step for striatal dopamine 
depletion. Neurosci Lett 639:185–191

Valtier S, Cody JT (2000) Differentiation of clobenzorex use from 
amphetamine abuse using the metabolite 4-hydroxyclobenzorex. 
Analytical Toxicol 24(7):606–613

Volkow ND, Chang L, Wang GJ, Fowler JS, Leonido-Yee M, Franceschi 
D, Logan J (2001) Association of dopamine transporter reduction 
with psychomotor impairment in methamphetamine abusers. Am 
J Psychiatry 158(3):377–382

Wallace TL, Gudelsky GA, Vorhees CV (2001) Neurotoxic regimen of 
methamphetamine produces evidence of behavioral sensitization 
in the rat. Synapse 39(1):1–7

Walsh SL, Wagner GC (1992) Motor impairments after methamphet-
amine-induced neurotoxicity in the rat. J Pharmacol Exp Thera-
peutics 263(2):617–626

Wellman PJ, Davies BT, Morien A, McMahon L (1993) Modula-
tion of feeding by hypothalamic paraventricular nucleus α1-and 
α2-adrenergic receptors. Life Sci 53(9):669–679

Yamamoto BK, Moszczynska A, Gudelsky, & G. A. (2010) Ampheta-
mine toxicities classical and emerging mechanisms. Ann NY Aca 
Sci 1187:101–121

Young R, Darmani NA, Elder EL, Dumas D, Glennon RA (1997) 
Clobenzorex: evidence for amphetamine-like behavioral actions. 
Pharmacol Biochem Behav 56(2):311–316

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1417Neurotoxicity Research (2021) 39:1405–1417


	The Chronic Oral Administration of Clobenzorex or Amphetamine Decreases Motor Behavior and Induces Glial Activation in the Striatum Without Dopaminergic Degeneration
	Abstract
	Introduction
	Materials and Methods
	Animals
	Drug Treatments
	Rectal Temperature
	Motor Behaviors
	Motor Activity in the Open Field Test
	Assessment of Motor Balance and Coordination in the Narrow Beam Walking Test
	Histological Examinations
	Immunohistochemistry Analysis for Tyrosine Hydroxylase
	Immunohistochemistry for GFAP and Iba-1
	Amino-cupric-silver (A-Cu-Ag) Stain
	Statistical Analysis

	Results
	The Chronic Oral Administration of Clobenzorex or Amphetamine Decreases Body Weight and Increases Rectal Temperature
	Similar to Amphetamine, Oral Clobenzorex Administration Decreases Locomotor Activity
	Similar to Amphetamine, the Oral Administration of Clobenzorex Impairs Motor Coordination
	Chronic Oral Administration of Clobenzorex or Amphetamine Modifies Neither Tyrosine Hydroxylase Levels Nor Neurodegeneration
	The Chronic Oral Administration of Clobenzorex or Amphetamine Increases Gliosis in the Striatum

	Discussion
	Acknowledgements 
	References


