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benzodiazepine withdrawal syndrome
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Abstract

Background: Drug withdrawal syndrome occurs due to abrupt cessation of an addictive substance. Dependence to
diazepam can be manifested by withdrawal syndrome which may include symptoms such as irritability, psychosis,
sleep disturbance, seizures, mood disturbance, and anxiety. Studies have described the therapeutic role of agmatine in
various neurological disorders such as depressive mood, learning deficits, anxiety, memory impairment, and psychosis.
Various studies have also validated agmatine as a putant neuromodulator and revealed its mechanism of action with
other neurotransmitters. The study was designed to reveal the potentials of agmatine in benzodiazepine withdrawal
syndrome by maintaining GABA/glutamate balance. The study aimed to determine the underlying mechanism of
action of agmatine at synaptic level using behavioral and biochemical evaluations.

Results: Agmatine significantly enhanced locomotion in open filed test and decreased anxiety as observed in elevated
plus maze test (p < 0.01). Agmatine also reduced withdrawal symptoms scores along with compulsive behaviors in
marble burying test and improved muscular strength by decreasing latency to fall in inverted screen test (p < 0.01).
Moreover, agmatine established GABA/glutamate balance by increasing GABA levels and decreased glutamate
concentration significantly (p < 0.01).

Conclusion: The present study reveals the possible mechanism of action of agmatine on NMDA receptor at GABA
interneurons and glutamate post synaptic neuron that may lead to GABA/glutamate balance during withdrawal
syndrome.
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1 Background
Drug withdrawal symptoms are often considered disease
state in medical practices. Discontinuation of various
drugs or addiction of any interconnecting substance de-
termines the withdrawal syndrome accurately. With-
drawal symptoms may include depression, anxiety,
tremors, agitation, blurred vision, and insomnia.
Benzodiazepine withdrawal syndrome can be mild or

severe [6]. Potent benzodiazepine, chronic or high dose
intake, anxiety, or neuroticism results in severity of the
syndrome [6, 27]. Benzodiazepine tolerance is produced

by neuroadpative routes including sensitization of gluta-
matergic receptors and desensitization of g-aminobutyric
acid (GABA) receptors. Once tolerance has developed,
abrupt cessation of benzodiazepine produces the neuro-
logical consequences of withdrawal. This includes the re-
duced functions of GABA and hyperactivity of glutamate
that leads to various benzodiazepine symptoms. Recep-
tors modifications during tolerance might be slow and
reverse at different rates. This possibly explains the dif-
ference of development and duration of symptoms along
with prolongs nature of benzodiazepine withdrawal [6].
Agmatine selectively antagonize the glutamate receptor
channels of NMDA [37, 39] and inhibits NOS. Various
studies have demonstrated that exogenous agmatine
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administration protect cells against cellular damages
caused by glutamate and NMDA [15]. Agmatine also re-
verses or averts glutamatergic pathways dependent bio-
logical mechanisms in CNS [32]. α2-Adrenoceptor
increases the GABA release in various brain regions [1].
α2-Adrenoceptor and GABA receptors physiological
interaction in CNS has been accepted widely and α2-
adrenoceptor expression is confirmed in GABAergic
presynaptic nerve terminal [22]. The functional inter-
action of agmatine and α2-adrenoceptors has important
inhibitory effects on nicotine induced behavioral
sensitization [21] and potentiates conditioned place pref-
erence, analgesia and anticonvulsant induced by mor-
phine [34].
The study was designed to determine the potentials of

agmatine in benzodiazepine withdrawal syndrome by
maintaining GABA/glutamate balance. The study aimed
to reveal the underlying mechanism of action of

agmatine at synaptic level. Potential mechanism of ac-
tion of agmatine against withdrawal syndrome is given
in Fig. 1.

2 Methods
2.1 Animals and drug administration
Male albino Wistar rats, approximately 6–8 months old
and weighing between 120–180 g were purchased from
Dow University of Health and Sciences, Karachi. All ex-
periments were approved by the Institutional Advanced
Studies and Research Board (BASR/03367/Sc.) and per-
formed in strict accordance with National Institute of
Health Guide for Care and Use of Laboratory Animals
(NIH Publication no. 85–23, revised 2011). Animals
were housed separately under controlled conditions of
12:12 h light /dark cycle, temperature 25 ± 1 °C and free
accesses to water and food for 3 days for acclimatization
before the experiments. Valium (diazepam) ampoules 10

Fig. 1 Potential mechanism of action of agmatine against withdrawal syndrome. Agmatine may block NMDA (N-methyl-D-aspartate) receptor found
on GABAergic interneurons. This leads to dis-inhibition of GABAergic interneurons and increases the firing activity in pyramidal cells that induces
glutamate release. Consequently, extracellular glutamate increases and activates AMPA receptor that stimulates mTOR pathway. Agmatine may also
inhibit NMDA receptor on post glutamatergic neuron. This leads to reduction in eEF2 (eukaryotic elongation factor 2) phosphorylation that de-
suppresses translation of BDNF. Glutamate is transferred to GABA interneuron by EAAT3 (excitatory amino acid transporter) and to Glial neuron by
EAAT1/2 transporters. GABA is produced from glutamate by the action of enzyme GAD (glutamic acid decarboxylase). Glutamate is converted in
glutamine by GS (glutamine synthetase). GABA B receptor is activated by binding of GABA that causes hyperpolarization of neuron hence limiting
release of glutamate. Extracellular levels of glutamate are reduced by glial cells by transforming into glutamine. Glutamine is stocked until necessary
and transported into presynaptic neuron by glutamine transporter. Glutamate is then stocked into presynaptic neuron by VGluT (vesicular glutamate
transporters). Agmatine may also bind to GABA A receptor that leads to the hyperpolarization of receptor
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mg/2 ml from Roche was dissolved in 0.9% NaCl and
given intraperitoneally agmatine was purchased from
Sigma-Aldrich and was administered orally by stainless
steel oral gavage.

2.2 Experimental protocol
Rats (n = 48) were divided randomly into control and
test (n = 24) each groups. Diazepam (5 mg/Kg) was
administered daily for 21 days while controls were
treated with water only. Diazepam was abruptly
ceased on the 22nd day of drug administration and
12 h after drug withdrawal, controls and diazepam-
pretreated animals were further divided into two
groups (n = 12) each that received (a) water and (b)
agmatine (100 mg/Kg p.o.). Agmatine (100 mg/Kg)
was dissolved in distilled water and was given daily
for the next 7 days of withdrawal. Behaviors were an-
alyzed in various paradigms on the 1st and 7th day of
withdrawal. Withdrawal symptoms were assessed after
12, 24, 48, 96, and 168 h of withdrawal. Rats were
decapitated humanly immediately after last behavioral
tests to estimate GABA and glutamate levels in brain
samples.

2.3 Behavioral estimations
2.3.1 Open field activity
Open field test is an uncomplicated and simple assess-
ment of behaviors that require no animal training. It has
been most widely used as assessment of locomotive be-
havior and exploration in rodents [36]. The apparatus
consisted of 76 × 76-cm square area with 42-cm-high
opaque plastic walls. The floor was divided into 25 equal
squares. Rat was placed in the center box of arena and
exploration; anxiety and ambulation were observed in 5-
min examination.

2.3.2 Elevated plus maze
EPM possess great possible diversity of application includ-
ing screening of newly developed anxiety treatment agent,
anxiolytic and anxiogenic effects of drugs. The apparatus
consists of plus shaped four arms in which two arms are
open (50 × 10 cm) and two closed arms (50 × 20 cm) with
15-cm-high opaque walls. Open arms edges were 25-cm
high to avoid fall of rat. The maze was elevated 100 cm
above the ground. Each rat is positioned at the center of
maze facing enclosed arm. Time spent and entries in open
arms were observed in 5-min test period [29].

2.3.3 Withdrawal symptoms score
A valid and reliable rating scale is used to assess with-
drawal symptoms in rodents. The rating scale enables
scientists to effectively manage withdrawal syndrome as
it facilitates to describe severity and progress of the dis-
ease in a well-defined way [38]. During each withdrawal

test session, a single rat is placed in an operant box and
withdrawal scorings were began immediately. Each rat
received 10-min observation periods in each test. Along
with tabulation individual withdrawal behavior of rats, a

Table 1 Diazepam withdrawal scoring

Activity Score

Vocalization

No abnormality 0

Mild 1

Intermediate 2

Severe 3

Agitation

No agitation 0

Rats showing irritable agitation 1

Handling vocalization/very aggressive 2

Spontaneous vocalization and very aggressive 3

Ear-twitching (shaking or trembling of ear)

Absence 0

Mild 1

Intermediate 2

Severe 3

Fascicular twitch (shaking or trembling of nape)

Absence 0

Mild 1

Intermediate 2

Severe 3

Tremors

No tremor 0

Normal body vibrations 1

Tremor and rigidity 2

Severe shivering or shaking 3

Handling-induced clonic convulsion

Absence 0

Rats showing only wild running 1

Rats showing tonic-clonic seizure 2

Rats showing severe tonic-clonic seizure \90 S 3

Spontaneous clonic convulsion

Absence 0

Rats showing only wild running 1

Rats showing tonic-clonic seizure 2

Rats showing severe tonic-clonic seizure \90 S 3

Abnormal posture

Normal posture 0

Mild head-down, back-hunched 1

Moderate head-down, back-hunched 2

Prominent head-down, back-hunched 3
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cumulative score was computed of all withdrawal behav-
iors. Different behaviors given in Table 1 were evaluated
in diazepam withdrawal groups of animals.

2.3.4 Marble burying test
The marble burying test is widely used to explore
obsessive-compulsive or repetitive-like behaviors and
anxiety in rodents [2]. Defensive burying is known as
a typical rodent behavior in which animal mess up

saw dust vigorously with their forepaw in treading
like movements and their heads in shoveling move-
ments directed towards noxious stimuli [11]. Twenty
glass marbles were placed in a cage having sawdust.
The marbles were positioned in a regular grid pattern
and rats were allowed to explore the cage for 15 min.
The total number of marble buried in bedding is
counted. The percentage of marbles buried under the
saw dust was the main outcome.

a

b

Fig. 2 a Open field test (total square crossed): Values are expressed as means ± SD (n = 12). Significant differences by Newman-Keuls test: **p < 0.01,
*p < 0.05 from control group to agmatine-treated groups. ++p < 0.01, + p <0.05 from the 1st day administration of water and agmatine. ##p < 0.01, #p
< 0.05 from water-pretreated animals to respective withdrawal animals following II-way ANOVA. b Open field test (time spent in central squares):
Values are expressed as means ± SD (n = 12). Significant differences by Newman-Keuls test: **p < 0.01, *p < 0.05 from control group to agmatine-
treated groups. ++p < 0.01, +p < 0.05 from the 1st day administration of water and agmatine. ##p < 0.01, #p < 0.05 from water-pretreated animals to
respective withdrawal animals following II-way ANOVA
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2.3.5 Inverted screen test
In 1964, Kondziela proposed the inverted screen test for
monitoring all four limbs muscular strength [19]. The
test is used to assess rodents with neuromuscular disor-
ders in order to monitor motor coordination and neuro-
muscular impairment. Most rodents are enthusiastic to
perform the test as their natural behaviors do not want
these animals to fall off the screen. In this study, un-
trained rats were placed on top of a cage cover. The
screen was then inverted 180° so that rat were on the

bottom of the metal cover. The latency to fall off was re-
corded over a 1-min testing session.

2.4 Biochemical estimations
2.4.1 Estimation of GABA levels in brain samples
GABA content in whole brain samples was analyzed ac-
cording to the method of Lowe and his coworkers [23].
Brain homogenates (10% w/v) were prepared by using 50
mM phosphate buffer at pH 7.0. The homogenates were
de-proteinized by adding 5 ml of chilled trichloroacetic

a

b

Fig. 3 a Elevated plus maze test (entries in open arms): Values are expressed as means ± SD (n = 12). Significant differences by Newman-Keuls
test: **p < 0.01, *p < 0.05 from control group to agmatine-treated groups. ++p < 0.01, +p < 0.05 from the 1st day administration of water and
agmatine. ##p < 0.01, #p < 0.05 from water-pretreated animals to respective withdrawal animals following II-way ANOVA. b Elevated plus maze
test (time spent in open arms): Values are expressed as means ± SD (n = 12). Significant differences by Newman-Keuls test: **p < 0.01, *p < 0.05
from control group to agmatine-treated groups. ++p < 0.01, +p < 0.05 from the 1st day administration of water and agmatine. ##p < 0.01, #p <
0.05 from water-pretreated animals to respective withdrawal animals following II-way ANOVA
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acid (10% w/v). Homogenates were than centrifuged at 10,
000 rpm at 0 °C for 10 min to obtain cell free supernatant.
One hundred microliters of supernatant was mixed with
0.2 ml of 14 mM ninhydrin in 0.5 M carbonate–bicarbon-
ate buffer. Gaba standards were prepared from 0.2, 0.4,
0.6, 0.8, and 1.0 μg/ml each in ice cold TCA solution (10%
w/v). The test tube was heated in water bath at 60 °C for
30 min. After 30 min, tube was cooled at room
temperature and treated with 5 ml of freshly prepared
copper tartrate reagent. The solution was than vortexed
and incubated at 25 °C for 15 min. Fluorescence was re-
corded at λEx 377 nm/λEm 451 nm against blank. The

GABA content was calculated using standard curve and
presented as μmol/g of brain tissue.

2.4.2 Estimation of glutamate levels in brain samples
Glutamate concentration in brain sample was deter-
mined by the method described by [7]. Brain sample was
weighed and homogenized with 2 parts of perchloric
acid 1 M, 70% v/v by weight, and centrifuged at 3000
rpm for 10 min. Supernatant was taken for further inves-
tigation. Three milliliters of supernatant fluid was ad-
justed with 1.93 M phosphate solution till the pH
reached 9. The solution was allowed to stand in an ice

Fig. 4 Withdrawal symptoms score: Values are expressed as means ± SD (n = 12). Significant differences by Newman-Keuls test: **p < 0.01, *p <
0.05 from control group to agmatine-treated groups. ++p < 0.01, +p < 0.05 from the 1st day administration of water and agmatine. ##p < 0.01, #p
< 0.05 from water-pretreated animals to respective withdrawal animals following II-way ANOVA
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bath for 10 min and filtered by using fluted filter paper.
Absorbance was measured by spectrophotometer at 340
nm. Blank was prepared containing water instead of
sample. Glutamate level was expressed against blank as
μmol/g of tissue.

2.5 Statistical analysis
Behaviors results obtained were analyzed by II-way
ANOVA (repeated measure designs) SPSS version 20
followed by Newman-Keuls post hoc test. Biochemical
estimations were assessed by I-way ANOVA by Tukey’s
post hoc analysis. Correlation between GABA/glutamate,
withdrawal scores/GABA, and withdrawal scores/glu-
tamate levels were analyzed by Pearson correlation test.
Statistical significance was considered p < 0.05. Data are
described as means ± SD.

3 Results
3.1 Open field test
3.1.1 Total square crossed
Data in Fig. 2a was analyzed by II-way ANOVA that ex-
plained the significant effects of days (F (1, 55) = 242.413, p <
0.05), days × drugs (F (3, 55) = 73.552, p < 0.01), days × treat-
ment (F (1, 55) = 14.644, p < 0.25), drugs (F (3, 55) = 34.082,
p < 0.01), and treatment (F (1, 55) = 76.117, p < 0.10). A sig-
nificant increase in total square crossed was observed after
the 1st and 7th administration of agmatine (p < 0.01) when
compared with water controls. Increased square crossings
were observed after one week in water (p < 0.05) and agma-
tine (p < 0.01) treated animals in water-pretreated control,
while agmatine increased square crossings after the 7th (p <
0.01) day in withdrawal animals. Agmatine (p < 0.01) also in-
creased total square crossed after 7 days administration in
withdrawal animals. Decreased square crossed was observed
in water- and agmatine-treated animals after the 1st and 7th

(p < 0.01) administration in diazepam withdrawal animals as
compared to respective control groups.

3.1.2 Time spent in central boxes
Figure 2b explained the significant effects of days (F (1, 55) =
193.279, p < 0.10), days × drugs (F (3, 55) = 30.989, p < 0.01),
days × treatment (F (1, 55) = 50.528, p < 0.25), drugs (F (3,
55) = 46.953, p < 0.01), and treatment (F (1, 55) = 96.844, p
< 0.10). Post hoc analysis determined increased time spent in
agmatine-treated animals after the 1st (p < 0.05) and 7th (p <
0.01) administration in water-pretreated controls while in
withdrawal animals after the 7th (p < 0.01) administration
when compared with water controls, respectively. Significant
increase in time spent was observed after 1 week of agmatine
(p < 0.01) administration in water-pretreated animals. Time
spent decreased in diazepam withdrawal animals after the
7th agmatine (p < 0.01) administration from respective un-
treated controls.

3.2 Elevated plus maze test
3.2.1 Entries in open arms
Figure 3a determined the significant effects of days (F (1,
55) = 1608.240, p < 0.05), days × drugs (F (3, 55) =
218.558, p < 0.01), days × treatment (F (1, 55) = 150.551,
p < 0.10), drugs (F (3, 55) = 40.118, p < 0.01), and treat-
ment (F (1, 55) = 118.997, p < 0.10). Entries in open

Fig. 5 Marble burying test: Values are expressed as means ± SD (n =
12). Significant differences by Newman-Keuls test: **p < 0.01 from
control group to agmatine-treated groups. ++p < 0.01, +p < 0.05
from the 1st day administration of water and agmatine. ##p < 0.01
from water-pretreated animals to respective withdrawal animals
following II-way ANOVA

Fig. 6 Inverted screen test: Values are expressed as means ± SD (n =
12). Significant differences by Newman-Keuls test: **p < 0.01 from
control group to agmatine-treated groups. ##p < 0.01, #p < 0.05 from
water-pretreated animals to respective withdrawal animals following
II-way ANOVA

Table 2 Effects of agmatine administration on brain GABA and
glutamate concentration in diazepam withdrawal rats

Water Diazepam

Water Agmatine Water Agmatine

GABA 18.3 ± 2.7 23.7 ± 4.7 5.6 ± 1.1b 21.6 ± 4.7a

Glutamate 35.14 ± 3.14 43.04 ± 1.42 77.37 ± 4.29b 53.94 ± 3.92a,b

Values are expressed as means ± SD (n = 12). Significant differences by
Tukey’s test: ap < 0.01, from water controls to agmatine-treated animals; bp <
0.01, from water-pretreated controls to diazepam withdrawal animals
following one-way ANOVA
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arms increased after the 7th administration of agmatine
(p < 0.01) in water- and diazepam-pretreated animals
while entries increased after the 1st (p < 0.01) adminis-
tration of agmatine in diazepam withdrawal animals
when compared with water-treated control. Increased
number of entries were observed after the 7th day of
agmatine (p < 0.01) administration from the 1st adminis-
tration in both water- and diazepam-pretreated animals.
Similarly, entries in open arms increased in water con-
trols (p < 0.05) after a week in water-pretreated animals.
Decreased entries were observed in water-treated ani-
mals after the 1st (p < 0.05) and 7th (p < 0.01) adminis-
trations in diazepam withdrawal animals as compared to
respective untreated controls.

3.2.2 Time spent in open arms
Data in Fig. 3b was analyzed by II-way ANOVA that ex-
plained the significant effects of treatment (F (1, 55) =
46.416, p < 0.25) whereas, non-significant effects of days
(F (1, 55) = 5.907), days × drugs (F (3, 55) = 1.886), days
× treatment (F (1, 55) = 2.752), and drugs (F (3, 55) =
2.212). Time spent decreased significantly in water con-
trols after the 7th (p < 0.01) day of diazepam withdrawal
group. Significant decrease in time spent was observed

after the 1st and 7th (p < 0.05) agmatine administration
in diazepam withdrawal animals as compared to water-
pretreated controls.

3.3 Withdrawal symptoms score
Figure 4 determined the significant effects of days (F
(4, 55) = 15.981, p < 0.01), days × drugs (F (12, 55) =
3.775, p < 0.05), days × treatment (F (4, 55) = 52.829,
p < 0.01), drugs (F (3, 55) = 49.306, p < 0.01), and
treatment (F (1, 55) = 82.148, p < 0.10). Decreased
withdrawal scores were observed in agmatine (p <
0.01) treated animals post 168 h from controls in
water-pretreated animals, whereas scores were de-
creased significantly in agmatine-treated animals after
12 and 48 (p < 0.05), and 96 and 168 (p < 0.01) h of
diazepam withdrawal. Reduced withdrawal symptoms
were observed in both control and withdrawal groups
post 168 h (p < 0.01) of agmatine-treated animals
when compared from the 1st administration.
Whereas, withdrawal symptoms were observed higher
in water controls post 12 and 96 h (p < 0.05) and
post 48 h (p < 0.01) in withdrawal animals when
compared with respective controls.

Fig. 7 Correlation between GABA and glutamate concentration in untreated diazepam withdrawal animals
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3.4 Marbles buried test
Data in Fig. 5 was analyzed by II-way ANOVA that ex-
plained the significant effects of days (F (1, 55) = 67.507,
p < 0.10), days × drugs (F (3, 55) = 92.509, p < 0.01),
days × treatment (F (1, 55) = 317.112, p < 0.05), drugs (F
(3, 55) = 89.466, p < 0.01), and treatment (F (1, 55) =
355.504, p < 0.05). Post hoc analysis determined that
agmatine significantly decreased percent marble burring
after the 1st (p < 0.05) day in diazepam while after the
7th (p < 0.01) day of both water- and diazepam-
pretreated animals. Similarly, a significant decrease in
burying behavior was observed after the 7th (p < 0.01)
day of agmatine administration from the 1st day in con-
trols and withdrawal animals. In controls, increased per-
cent of buried marbles were observed after the 7th (p <
0.01) day in water-pretreated animals. However, percent
decreased after 1 week of diazepam withdrawal in con-
trol animals. In diazepam withdrawal animals, percent-
age of buried marbles was increased in water- and
agmatine-treated animals after the 1st (p < 0.01) day and
in water-treated control after the 7th (p < 0.01) day as
compared to water-pretreated control animals.

3.5 Inverted screen test
Figure 6 was determined the significant effects of days (F
(1, 55) = 206.023, p<0.10), days × drugs (F (3, 55) =
112.673, p < 0.01), drugs (F (3, 55) = 216.470, p < 0.01),
and treatment (F (1, 55) = 92.915, p < 0.10) whereas,
non-significant effects of days × treatment (F (1, 55) =
3.885). Post hoc analysis determined a significant in-
crease in latency after the 7th (p < 0.01) administration
of agmatine treatment in water-pretreated animals, while
latency increased significantly after the 1st and 7th (p <
0.01) administration of agmatine in diazepam withdrawal
animals. Latency to fall decreased significantly in water-
treated controls after the 1st (p < 0.01) and 7th (p <
0.05) day in withdrawal animals. Similarly, decrease in
latency was observed in agmatine-treated animals after
the 7th (p < 0.05) administration withdrawal animals
when compared with water-pretreated controls.

3.6 Biochemical estimations
Data given in Table 2 was analyzed by I-way ANOVA.
Statistical analysis determined the significant effects of
treatments on GABA (F (5, 66) = 61.688, p < 0.01) and

Fig. 8 Correlation between GABA and glutamate concentration in agmatine-treated diazepam withdrawal animals. Correlation is significant at *p
< 0.05, **p < 0.01 level
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glutamate (F (5, 66) = 172.473, p < 0.01) levels in diaze-
pam withdrawal animals. Significant increased GABA (p <
0.01) levels were observed in agmatine-treated withdrawal
animals. However, concentration of glutamate decreased
(p < 0.01) significantly in withdrawal rats treated with
agmatine when compared with controls. GABA levels (p <
0.01) decreased significantly in diazepam withdrawal rats
compared with water-pretreated controls. While glutam-
ate levels increased in both water (p < 0.01) and agmatine
(p < 0.01)-treated withdrawal animals.

3.7 Pearson correlation test
Correlation between GABA and glutamate in diazepam
withdrawal animal was determined by Pearson correl-
ation test. Figure 7 demonstrated a non-significant nega-
tive correlation was observed between GABA and
glutamate in water-treated diazepam (r = − 0.438, p >
0.05) withdrawal animals, whereas correlation between
GABA and glutamate levels was exhibited in Fig. 8 that
described a significant negative correlation between
agmatine administered (r = − 0.829**, p < 0.01) diaze-
pam withdrawal rats. A non-significant negative correl-
ation was observed in Fig. 9 between GABA and
withdrawal score in agmatine-treated (r = − 0.448, p >

0.05) withdrawal animals. Similarly, Fig. 10 determined
non-significant positive correlation in agmatine-treated
diazepam (r = 0.335, p > 0.05) withdrawal animals.

4 Discussion
Discontinuation of benzodiazepine results in the appear-
ance of withdrawal syndrome [30]. Tolerance and with-
drawal are two manifestation of a single mechanism
while withdrawal occurs when benzodiazepine counter-
balancing is absent [3]. Present study was designed to
study underline neurobiological mechanism of agmatine
to attenuate benzodiazepine withdrawal syndrome. The
study has also revealed physiological and behavioral al-
ternations in withdrawal animals including anxiogenesis,
motor skills, compulsion, and various other withdrawal
symptoms.
GABA receptor alternation and neurotransmission

affect the intoxicating and reinforcing properties of ben-
zodiazepines [24]. Withdrawal symptoms initiate due to
decreased GABAergic function and increased gluta-
matergic excitatory function. GABA-A receptors paly a
fundamental role in benzodiazepines reward and with-
drawal symptoms [24]. The present study describes an
increase in withdrawal symptoms score in diazepam

Fig. 9 Correlation between GABA levels and withdrawal score in agmatine-treated diazepam withdrawal animals
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withdrawal animals while these symptoms decreased sig-
nificantly in agmatine-treated animals. A negative correl-
ation between GABA and glutamate levels is also
observed in diazepam withdrawal animals. Diazepam
withdrawal is found to induce enhancement of GABAer-
gic receptor inhibition and glutamatergic receptor exci-
tation contributing to increased anxiety and seizures [3].
The study revealed a significant decline in withdrawal
symptoms such as agitation, abnormal body posture,
stereotype behaviors, vocalization, piloerection, tremors,
and convulsions in agmatine-treated rats. Agmatine
treatment significantly decreased withdrawal symptoms
after the 2nd dose of 100 mg/Kg post diazepam with-
drawal. Various studies have described therapeutic ef-
fects of agmatine in morphine dependence mechanism
[4, 5], nicotine withdrawal and dependency [14, 21], and
cocaine and methamphetamine dependency [18, 25].
The present study supports agmatine as a potent neuro-
pharmacological active agent in benzodiazepine depend-
ence mechanism. The study proposed that agmatine at-
tenuates behaviors associated with diazepam withdrawal
by antagonizing NMDA receptors leading to glutamate
inhibition and upregulation of GABA-A receptor by act-
ing on α2-adrenergic receptors.

Agmatine binds to α2-adrenoceptors [31] and
blocks NMDA receptor [39]. These abilities of agma-
tine are considered potential mechanisms for revers-
ing diazepam withdrawal syndrome. Binding abilities
of agmatine to α2-adrenoceptors inhibited withdrawal
syndrome similar to clonidine which produces same
inhibitory effects in rats [28]. α2 receptor agonist
stimulate release of GABA from astrocytes cells [16].
Present data suggests enhancement of GABA release
by α2-adrenoceptors modulation and supports agma-
tine as a potential modulator in GABA receptor regu-
lation. Anxiety is a common symptom of drug
withdrawal [20, 26]. Benzodiazepine cessation also re-
sults in the appearance of anxiety, sensory distur-
bances, and insomnia [30]. The effects of agmatine
and diazepam withdrawal-induced anxiety were stud-
ied in open field, elevated plus maze, and marbles
burying test. Study shows locomotion, rearing
frequencies, and seizures assessed through open field
are non-drastic and reliable method to evaluate with-
drawal symptoms in rodents [9]. Open field test re-
vealed improved locomotive and anxiolytic activities
in agmatine-treated rats. Numbers of central and total
box crosses were increased significantly along with

Fig. 10 Correlation between glutamate concentration and withdrawal score in agmatine-treated diazepam withdrawal animals
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time spent in central boxes in agmatine-treated with-
drawal rats. Agmatine significantly produced anxio-
lytic behavior in rats by increasing central boxes time
spent in withdrawal animals. Open field test and ele-
vated plus maze are commonly chosen to evaluate po-
tential changes in anxiety behavior induced by
withdrawal of ethanol due to elevated anxiety behav-
iors reported after drug cessation (Hall and Zador,
1997 [17]. Present study revealed that animals having
withdrawal symptoms demonstrated reduced number
of entries and time spent in open arms of elevated
plus maze. However, agmatine significantly increased
number of entries and time spent in open arms in di-
azepam withdrawal animals. Present study determines
significant therapeutic effects of agmatine in anxiety
paradigms. These results confirm anxiolytic properties of
agmatine in withdrawal syndrome. One of the anxiety dis-
orders is obsessive-compulsive disorder which is often
seen in alcohol withdrawal patients [10, 33]. Marble bury-
ing behavior was previously witnessed in drug withdrawal
animals to observe compulsive-like behavior [35]. Benzo-
diazepine withdrawal leads to brain hyperactivity due to
reduction in GABA levels. Obsessive-compulsive symp-
toms developed and directly related to complete dis-
appearance of diazepam [12]. Marble burying test was
performed to assess compulsive behavior in diazepam
withdrawal animals. Present study has shown a decrease
in percent marbles buried in agmatine administered diaze-
pam animals. Somatic signs of benzodiazepine withdrawal
include tremors, body rigidity, wet dog shakes and loss of
motor coordination, muscular pain, and stiffness [8, 13].
Inverted screen test was used to evaluate effects of agma-
tine on muscular strength and reduction of tremors and
convulsions. The data shows improved gripping abilities
of withdrawal rats treated with agmatine confirming en-
hanced muscular strength. Ethanol and diazepam induced
tremors and convulsion that weaken muscular strength
and gripping abilities in withdrawal animals. Agmatine
demonstrated a significant increase in latency to drop in
inverted screen test. These results confirm agmatine as a
potent polyamine for enhancing muscular strength and re-
ducing withdrawal-induced tremors and convulsions.
Furthermore, the study has potential limitations. The

animals selected were male and young while diazepam is
widely prescribed to both male and female old age pa-
tient as antidepressant. Further studies are required to
identify the role of agmatine in various regions of brain
in animal model of diazepam withdrawal.

5 Conclusion
Present study revealed the potential mechanism of action
of agmatine at NMDA receptor that may lead to modula-
tion of GABA and glutamate levels during withdrawal
syndrome. Moreover, agmatine has effectively attenuated

benzodiazepine withdrawal symptoms including anxiety,
irritability, agitation, compulsive behavior, mobility, and
muscular strength.
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