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ADHD
AM
AMPA
ANOVA

Ca**
cm

DAB
DAT
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amphetamine

avidin biotinylated horseradish peroxidase complex
attention-deficit hyperactivity disorder

ante meridiem
a-amino-3-hydroxy-5-methyl-isoxazole-4-propionate
one-way analysis of variance

degree Celsius

calcium ions

centimeter

3, 3’—diaminobenzidine tetrahydrochloride
dopamine transporter
dopamine receptors type 1
dopamine receptors type 2
dopamine receptors type 3
gram

glial fibrillary acidic protein
hour

Hydrogen ion

hydrogen peroxide
10notropic glutamate
Immunoreactive

Potassium ion

long-term depression
Iong-term potentiation
Molar
microtubule-associated protein 2
myelin basic protein
methamphetamine
Magnesium ions

milligram per kilogram



mGlu
min

ml/kg

sec.
S.EM
SGZ
SVZ

VMAT2
VTA
w/v

2+
Zn

ABBREVIATIONS (CONT.)

metabotropic glutamate receptors
minute

milliliter per kilogram
micrometer

number

Sodium ion

sodium chloride

nucleus accumbens
N-methyl-D-aspartate
N-methyl-D-aspartate receptor
power

phosphate buffer saline
proliferating cell nuclear antigen
power of hydrogen ion concentration
Probability value

rostral migratory stream

region of interest

seconds

standard error of the mean
subgranular zone

subventricular zone

time

vesicular monoamine transporter 2
ventral tegmental area

weigh by volume

Zinc ions
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Escalating and Binge Doses Methamphetamine Change the Behavioral Profile in Rats

Nuntapom Suksamrahn, Samur Thanoi, Sutisa Nudmamud-Thanoi*

Department of Anatomy, Faculty of Medical Science, Naresuan University, Phitsanulok Province, Thailand

*Corresponding author, ¢-mail: sutisat@nu.ac.th

Abstract

Methamphetamine (METH), an N-methyl homolog of amphetamine, is an abused
psychostimulant drug. METH can induce neurotoxic effects in several brain regions. Moreover, METH
has been reported to induce long term behavioral changes including behavioral sensitization, tolerance
and drug dependence. Therefore, the aim of this study was to investigate the effects of escalating binge,
escalating and acute binge doses METH administrations on the alterations of behavioral rating scale.
Adult male Sprague-Dawley rats (200-250 g) were divided into 4 groups: Control group — rats were
injected with three doses of vehicle on day 1-14 and four doses on day 15; Acute binge dose-
methamphetamine group (AB-METH) - rats were injected with three doses of vehicle on day 1-14 and
four doses of 6.0 mg/kg METH on day 15; Escalating dose-methamphetamine group (ED-METH) -
rats were injected increasing three doses of 2.0 mg/kg/day METH on day 1-13 and three doses of 4.0
mg/kg METH on day 14 and four doses saline on day 15; Escalating dose-methamphetamine binge
group (ED-METH binge) — rats were injected increasing three doses of 2.0 mg/kg/day METH on day
1-13 and three doses of 4.0 mg/kg METH on day 14 and four doses of 6.0 mg/kg METH on day 15.
At 30 min after the last dose injection of each day, the behaviors of all animals were observed for 30
min. The behavioral rating scale was significantly increased in ED-METH binge and ED-METH on day
1-15 when compared with control group. AB-METH group was significantly increased in behavioral
rating scale on day 15 and 16 when compared with control group. The results of this study indicate that
ED-METH binge, ED-METH, acute binge METH doses have effects to increase behavior of rats
induced by METH dependence.

Keywords: behavior, methamphetamine, escalating dose-methamphetamine group (ED-METH),
escalating dose-methamphetamine binge group (ED-METH binge), acute binge dose-methamphetamine

group (AB-METH)

Introduction

Methamphetamine (METH) has an incident of mcreasing numbers of users worldwide. It has
been reported that METH abusers increased in all ages especially in adult age between 18-25 in males
and 12-17 in females (Winslow et al., 2007). METH, an N-methyl homolog of amphetamine, can abuse
on several systems such as cardiovascular system (Yu et al,, 2003), urinary system (Ishigami et al.,
2003), enhance sexuality behavior, increase libido (Winslow et al., 2007) especially on central nervous
system (CNS) and peripheral nervous system (PNS) (Dutta et al., 2006 and Johnson et al., 2007).

METH has been reported to induce neurotoxic effects in several brain regions such as frontal cortex,
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parietal cortex and hippocampus (Wahnschaffe and Esslen, 1985; Zhu et al., 2006; Lee et al., 2011).
In addition, METH can increase neurodegeneration and neuronal cell death (Schmued and Bowyer,
1997 and Kuczenski et al., 2007; Zhu et al., 2006 and Atianjoh et al., 2008) leading to behavioral
changes (Suzuki et al., 2004). Moreover, METH can cause learning impairments and memory loss
(Winslow et al., 2007 and Lee et al., 2011) as well as long term behavioral changes including
behavioral sensitization (Suzuki et al., 2004), tolerance (Winslow et al,, 2007 and Kuczenski et al.,
2007) and drug dependence (Mandyam et al., 2007). Although, the effects of methamphetamine and
its mechanism involved in neurotoxicity have been published, those studies have been focused
mainly on different drug administrations such as self-administration (Mandyam et al., 2008 and
Gancarz et al., 2011) or single dose administration (Kerdsan et al., 2009 and Xi et al., 2009).
In this study, an animal model of drug dependence was designed relatively similar to
methamphetamine taken by drug abusers. We hypothesized that escalating and binge doses of METH
administration would alter behavioral responses. Therefore, the aim of this study was to investigate the
effects of escalating, escalating binge and acute binge doses METH administrations on the alterations of

behavioral rating scale in rats.

Materials and methods
Animals

Adult male Sprague-Dawley rats (National Laboratory Animal Center, Mahidol University,
Nakorn Pathom, Thailand) weigh between 200-250 g were used in this study. Rats were housed one per

cage (7.5x11.5x5 inch) and maintained at room temperature about 24=+1°C under light dark cycle 12:12,

light on at 6:00 AM, with ad libitum access to food and water. All rats were habituated for 1 week.
All rat procedures were carried out in compliance with Mahidol University code of practice and the
National Institutes of Health (USA) Guidelines for treatment of laboratory animals. The research

protocols for this study were approved by the Animal Research Committee of Naresuan University.

Drugs

D-methamphetamine hydrochloride (Alltech, Palatine & DC, 11, USA) with the permission of
Ministry of Public Health was used in this experiment. The drug was dissolved in sterile saline (0.90%
w/v of NaCl) and administered subcutancously (2 ml/’kg). Drug was made up freshly each day and all

doses of drug injection were calculated based on body weight of animals.

Drug treatment

Drug doses for treatment of the animals were carried out according to Segal et al. (2003).
Briefly, animals (total number = 21) were divided into four groups: control group (n = 8), acute binge
dose-methamphetamine group (AB-METH) (n = 5), escalating dose-methamphetamine group
(ED-METH) (n = 4) and escalating dose-methamphetamine binge group (ED-METH binge) (n = 4).

At the phase of drug administration, the control group — rats were injected three doses of 2.0 mg/'kg/day
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saline on day 1-14 and four doses saline on day 15; the AB-METH group - rats were injected three
doses of 2 mg/kg/day saline on day 1-14 and four doses of 6.0 mg/kg METH on day 15; the ED-METH

group — rats were injected increasing three doses of 2.0 mg/kg/day METH on day 1-13 and three doses

of 4.0 mg/kg METH on day 14 and four doses saline on day 15; the ED-METH binge group — rats were

injected increasing three doses of 2.0 mg/kg/day METH on day 1-13 and three doses of 4.0 mg/kg
METH on day 14 and four doses of 6.0 mg/kg METH on day 15. Rats were sacrificed and removed
brain at 24 h after the last injection on day 15. Time-line of methamphetamine administration was

shown in figure 1 and drug administration for ED-METH binge dose pretreatment schedule was shown
in Table 1, respectively.
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Day — g ==y == 4 s
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Day s g g s I == 14 s

Figure 1 Time-line of methamphetamine administration

Each vertical line in A-D represents one day that corresponding to duration of treatment.
H=habituate, I=injection, S=sacrifice

-------- = saline injection, = * = - = METH injection

W = Four doses of 6.0 mg/kg METH

YV = Three doses of 4.0 mg/kg METH



Table 1 Escalating doses pretreatment methamphetamine schedule

Day Methamphetamine dose (mg/kg)
07:30 10:30 13:30
1 0.1 0.2 0.3
2 0.4 0.5 0.6
3 0.7 0.8 0.9
4 1.0 1.1 1.2
5 1.3 1.4 1.5
6 1.6 1.7 1.8
7 1.9 2.0 2.1
8 2.2 2.3 2.4
9 2.5 2.6 2.7
10 2.8 2.9 3.0
11 3.1 3.2 33
12 3.4 3.5 3.6
13 3.7 3.8 3.9
14 4.0 4.0 4.0
Day 07:30 09:30 11:30 13:30
15 6.0 6.0 6.0 6.0

Source from: Segal et al., 2003

Behavioral Test
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The behavioral tests were observed on day 0-16. On day 0, rats were taken to familiar in their

home cage (30x19x13 c¢m) that used to observe behavioral tests. At 30 min after the last injection of

each day, each group was observed behavior rating scale in their home cage for 30 min. Thereafter, rat

behaviors were scored using the behavioral rating scale modified from Davidson et al. (2005) (Table

2). The data were collected at 5, 10, 15, 25, 30 min. Rats behaviors were also recorded using video

recorder.
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Table 2 A modified versions of the Ellinwood and Blaster (1974) behavioral rating scale after

methamphetamine administration

Score Classification Definition

] Asleep Lying down, eyes close

2 Almost asleep Relax muscle, eyes partially shut

3 Dystonia Abnormal posture, tense tendon

4 Inactive Lying down, eyes open, infrequent sniffing
5 Grooming Grooming of face, body or groin

6 Normal active movement Investigation or sniffing of cage, rearing

7 Hyperactive Running with rapid jerky positional changes
8 Slow pattern movement Repetitive exploration

9 Fast pattern movement Intense, rapid repetitive exploration of cage
10 Stereotype In-place sniffing or grooming

Source from: Davidson et al., 2005

Data Analysis

All data of behavioral rating scale was expressed as median. Statistical analysis between
groups was performed using one-way analysis of variance (ANOVA) with post-hoc Dunnette test, while
ordinal data was performed using Kruskal-Wallis, a level of p-value less than 0.05 were considered

statistically significant.

Results
Behavioral Test

The results showed that the behaviors of animals in all experiment groups were normal on day
0. On day 1, the animals in ED-METH binge and ED-METH groups showed sniffing of cage; rearing
and walk around their home cage but in AB-METH and control groups were normal. On day 2-6, the
animals in ED-METH binge and ED-METH groups showed hyperactivity and slow pattern of
movement and always performed oral stereotype and head movement on day 7-15 and day 10-14,
respectively. In contrast, animals in AB-METH group were normal on day 0-14 and performed oral
stereotype and head movement on day 15. At the time for treatment of each day, rats in ED-METH

binge and ED-METH groups were excited and alertness similar to those gets rewarded.
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Behavioral rating scale

There were no significant differences in the behavioral observation before starting the experiment
(day 0).
On day 1, the behavioral rating scale was significantly increased in METH-treated group when

compared with saline-treated group (p < 0.01) (figure 2).

Behavioral rating scale (median)

1 % % ” & % —9—METH-trcatd group
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5 10 15 20 25 30 Time (min)

Figure 2 Behavioral rating scales (median) on day 1 of METH-treated group (n = 8) and saline-treated
group (n=13)

* p<0.01 in comparison with saline group by Kruskal-Wallis test

On day 14, the behavioral rating scale was significantly increased in METH-treated group when
compared with saline-treated group (p < 0.01) (figure 3).

Behavioral rating scale (median)
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Figure 3 Behavioral rating scale (median) on day 14 of METH-treated group (n = 8) and saline-treated
group (n=13)

* p <0.01 in comparison with saline group by Kruskal-Wallis test
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The results showed that the behavioral rating scale on day 15 was significantly increased in
both ED-METH binge and AB-METH groups when compared with control group (p < 0.01) (figure 4).
Moreover, the behavioral rating scale was significantly increased in AB-METH groups when compared
at day 14 (before binge doses treated) (p < 0.01) (figure 5A) but no significant differences in ED-METH
binge group when compared at day 14 (figure 5B). The relationship between behavioral rating scales of

each group that observed at the last dose of each day was shown in figure 7.

Behavioral rating scale (median)
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Figure 4 Behavioral rating scale (median) of all experimental groups on day 15. ED-METH binge =
escalating dose-methamphetamine binge group (n = 4), AB-METH = Acute binge METH
(n = 5) and control group (n = 8).
"p<0.01in comparison with control group by Kruskal-Wallis one-way ANOVA on ranks

with post hoc Dunn’s test
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Figure 5 Behavioral rating scale (median) of AB-METH group (A) and ED-METH binge (after binge
dose treated) (B) on day 14 and day 15.
" p<0.001 in comparison with day 14 by Kruskal-Wallis test
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Behavioral rating scale (total ambulation in 30 min)

70 4
% * * * * * %
60 4 £ % rq —ED-METH binge
j J—=—ED-METH
50 - —0o— AB-METH
—>—Control
40 -
30 A
#
20 -
10 ~
O T T T T T T T T T T T T T T ’Day
0]23456789101112131415

Figure 6 Behavioral rating scale (median) on day 0-15 of ED-METH binge, ED-METH and AB-METH
groups. ED-METH binge = escalating dose-methamphetamine binge group (n=4), ED-METH =
escalating dose-methamphetamine group (n = 4), AB-METH = Acute binge METH (n = 5) and
control group (n = §)

“p<0.01 in comparison with control group by one-way ANOVA post-hoc Dunnette test

Discussions

The present study demonstrated that the alterations of behavioral rating scale were significantly
increased following METH administration in ED-METH binge and ED-METH on day 1-15 and
AB-METH after on dayl5. The results of this study was in agreement with the previous reports that an
increase of behavioral responses was found after escalating and binge METH administrations in rats
(Segal et al., 2003 and Davidson et al., 2005). Early stage of METH abuse made to satisfaction and
increasing drug dose for response to the needs of the mind because METH abuser resistance to drug
(tolerance) (Winslow et al., 2007). METH dependence can be divided into two important components
including physical dependence and psychological dependence. The psychological dependence is main
factors to continue drug intake for maintaining a sense of well-being from the previous use. The
physical dependence is a physical alteration of METH abuser who cannot stop drug taking for a long

time.

Conclusion
The results of this study indicate that ED-METH binge, ED-METH, AB-METH doses had

effects to increase behaviors of rats induced by METH dependence.
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Abstract

Methamphetamine {METH) is an abused psychostimulant drug. METH has been reported to induce
neurotoxicity and cause neurcnal cells death. Moreover. not only neurons have been affected following METH
administration but the response of glial cells has also been demonstrated. Therefore. the aim of this study was to
investigate the effects of METH administrations on the expression of glial fibrillary acidic pretein (GFAP) and myelin
basic protein (MBEP) which zre markers of astrocytes and oligocendrocytes, respectively. Adult male rats were
civided into 4 groups: contral group — rats were intraperitoneally acministered with saline: acute cose-METH binge
group (AB-METH binge) — rats were injectec with saline and four consecutive injections of 6.0 mo/kg METH at2 h
intervels on day 15: escalating dose-METH group (ED-METH) - rats were injected gracually increasing three doses
of METH (0.1-3.9 mg/kg/day) on day 1-13 and three coses of 4.0 mg/kg METH on cay 14 and saline on day 15:
escalating cose-METH binge group (ED-METH binge) — rats were injectec as same as ED-METH group on cay 1-
14 and four consecutive injections of 6.0 mg/kg METH at 2 h intervals ¢n cay 15. The GFAP immunoreactivity
(GFAP-IR) a2nd MBEP immuncreactvity (MBP-R) were mezsurecd in cingule®= corex znd white mater by
immunohiztochemistry technicue. In cingulate cortex, GFAP-IR cells were significantly increased in AB-METH binge
when compared with control group. Moreover, MBP-IR wes significantly decreased in both ED-METH binge and AB-
METH kinge when compared with control group. However, no significant cifferences of MBP-IR were ohserved in
white matter in all experimental groups. The results of this study indicate that acute high dose of METH can induce
an elevatien of astrocyte immediately for maintaining brain homecstasis. However, acute high dose-METH
administration may cause neurodegeneration or neurcnal cells ceath and lead to diminish of myelin sheaths that

envelop arounc the axcn of the neurons.

Keywords: escalating, binge. methamphetamine. astrocyte, cligedencrocyte
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