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Antipsychotic-like effect of minocycline in a rat model
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Abstract: Objectives: Tetracycline antibiotic drug minocycline has strongly neuroprotective and anti-inflammatory 
effects. Minocycline has also remarkable brain tissue penetration, is clinically entirely tolerated and properly ab-
sorbed when taken orally. In our study, we class with the effects of minocycline and chlorpromazine, a conventional 
antipsychotic drug, by evaluating the novelty-induced rearing, apomorphine-induced stereotypic behavior, and brain 
MDA levels in rats. Materials and Methods: Four groups of rat (n = 7) were applied with minocycline (50 and 100 
mg/kg, i.p.), chlorpromazine (1 mg/kg, i.p.), or isotonic saline (1 mL/kg, i.p.). One hour later, apomorphine (2 mg/
kg, s.c.) was applied to each rat. Result: Our results showed that both doses of minocycline significantly decreased 
the rearing behavior in rats, whereas the decrease with chlorpromazine was higher. Minocycline also decreased the 
stereotypy scores in a dose-dependent manner. Conclusion: We concluded that minocycline has beneficial effects 
on rearing behavior and stereotypy, which are accepted to be indicators of antipsychotic effect. Taken together, mi-
nocycline, as an anti-oxidant and cytoprotective agent, can be useful in neuroprotection especially on early stages 
of psychosis or prepsychotic patients with insignificant symptoms. Minocycline is worthy of being investigated for its 
anti-psychotic effects as a primary or an adjunctive drug.
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Introduction

Schizophrenia is one of the most mysterious 
and costliest mental disorders in terms of 
human suffering and societal expenditures [1]. 
In spite of comprehensive research and signifi-
cant advances in the neurobiological, neuroc-
hemical and genetic point of view this disabling 
mental illness, the underlying etiological appro-
aches remain a challenge for basic researchers 
and clinicians alike [2].

Schizophrenia is representing itself with chara-
cteristic set of symptoms which involve positi-
ve, negative and cognitive derangements. It is 
thought to have close relationship with hyper-
dopaminergic activity [3]. Based upon pharma-
cological, all in one clinical, evidence, hyperdo-
paminergic activity in the mesolimbic pathway 
is believed to be responsible for the positive 
symptoms, whereas hypodopaminergic activity 
in the mesocortical pathway triggers cognitive 
impairment and affective symptoms [4, 5]. 

Drugs applied in the treatment of the disease 
have the potential to cause extrapyramidal side 
effects by blocking D2 dopamine receptors 
generally located in the striatum [6, 7].

Majority of the studies reported a significant 
imbalance between oxidative stress levels and 
antioxidative enzyme activities in schizophre-
nia. For example, Pazvantoglu [8] demonstra-
ted that the severity of the symptoms was nega-
tively correlated with the total antioxidant 
potentials, whereas Padurariu [9] found conflic-
ting results demonstrating the increased supe-
roxide dismutase (SOD) activity and decreased 
glutathione peroxidase (GPx) activity in patients 
with schizophrenia compared to controls. 
However, the studies on the lipid peroxidation 
markers, such as malonyl dialdehyde (MDA) 
and 4-hydroxynonenal (4-HNE), showed more 
consistent results [9-11]. Wang showed increa-
sed levels of 4-HNE in schizophrenic patients 
compared to normal controls [11]. Also, MDA 
levels have been found elevated in peripheral 
tissues of schizophrenic patients [9, 10].
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The second-generation tetracycline antibiotic 
drug minocycline has strongly neuroprotective 
and anti-inflammatory effects [12, 13]. Mi- 
nocycline has also remarkable brain tissue 
penetration, clinically rather tolerated and enti-
rely absorbed when taken orally [14, 15]. 
Minocycline is supposedly efficacious in pati-
ents with schizophrenia [16-18] as good as in 
animal models of schizophrenia [19] and drug 
abuse [20, 21]. Minocycline was reported to 
attenuate behavioral impairment as good as 
neurotoxicity after application of methamphe-
tamine [22, 23], 3,4-methylenedioxymethamp-
hetamine (MDMA) [20] N-methyl-D-aspartate 
(NMDA) receptor antagonist dizocilpine [24], 
and viral mimetic polyriboinosinic-polyribocyti-
dilid acid (PolyI: C) [25]. Minocycline has been 
utilized successfully in some clinical trials since 
as an adjunctive therapy to antipsychotics for 
schizophrenia [26]. Moreover, in patients with 
schizophrenia showed that minocycline could 
improve their negative symptoms and/or cogni-
tive functions. Treatment with minocycline for 
one year was deemed safe [17, 27]. In animal 
models of schizophrenia, minocycline has neu-
roprotective effects [28]. In order to determine 
its efficacy in psychosis, we class with the effe-
cts of minocycline and chlorpromazine, a con-
ventional antipsychotic drug, by evaluating the 
novelty-induced rearing, apomorphine-induced 
stereotypic behavior, and brain MDA levels in 
rats.

Materials and methods

Animals

The experimental protocol applied in the study 
was confirmed by the Institutional Animal Care 
and Ethics Committee of the Mustafa Kemal 
University (2014-05/3). 28 adult male Wistar 
rats (220-240 g) were taken in the study. All 
animals were regiment standard 12 h light/
dark cycle in a temperature controlled (22 ± 
2°C) environment with ad libitum access to rat 
chow. All experimental procedures were applied 
during the light cycle.

Chemicals

All drugs were freshly prepared. Apomorphine 
hydrochloride (Sigma Chemical Co., St. Louis, 
MO) was dissolved in saline containing 0.1% 
ascorbic acid before experiments. Minocycline 
was dissolved in saline. Saline (0.9% NaCl) was 
utilized as control solution. All solutions were 
applied intraperitoneally (i.p.).

Assessment of novelty-induced rearing behav-
ior

Novelty-induced rearing behavior is employ to 
appraise the central excitatory locomotor 
behavior in rats [29]. Four groups of rat (n = 7 
for each group) were applied minocycline (50 
and 100 mg/kg, i.p.), chlorpromazine (1 mg/kg; 
i.p.), or isotonic saline (1 mL/kg, i.p.). One hour 
later, novelty-induced rearing behavior was 
inspected by placing the animal pass-through 
from home cages to a transparent Plexiglas 
cage (45 cm × 25 cm × 25 cm). The rearing fre-
quency (number of times the animal stood on 
its hind limbs or with its fore limbs against the 
walls of the observation box or free in the air) 
was recorded for 10 min. All rats were moni-
tored individually by two observers who were 
blinded to the study groups. The arena was 
cleaned with 5% alcohol to eliminate olfactory 
bias before beginning a fresh animal.

Apomorphine-induced stereotypic behavior 
test

Nigrostriatal and mesolimbic dopaminergic 
pathways play important roles in the mediation 
of locomotor activity and stereotyped behavior. 
Apomorphine-induced stereotypy is owing to 
the stimulation of dopamine receptors and has 
been applied as an appropriate method for in 
vivo screening of dopamine agonists or antago-
nists and assessment of dopaminergic activity 
[25, 26]. Concisely, four groups of rat (n = 7) 
were applied minocycline (50 and 100 mg/kg, 
i.p.), chlorpromazine (1 mg/kg, i.p.), and isoton-
ic saline (1 mL/kg, i.p.). One hour later, apomor-
phine (2 mg/kg, s.c.) was applied to each rat. 
First, rats were put into the cylindrical metal 
cages (18 × 19 cm) containing vertical (1 cm 
apart) and horizontal (4.5 cm apart) metal bars 
(2 mm) with upper lid for 10 minutes for orien-
tation period. After apomorphine application, 
the rats were directly placed back into the 
metal cages and viewed for stereotypic behav-
ior. Signs of stereotypy, which contain generally 
sniffing and gnawing, were inspected and 
scored as follows: absence of stereotypy (0), 
rarely sniffing (1), rarely sniffing with rarely 
gnawing (2), frequent gnawing (3), intense con-
tinuous gnawing (4), and intense gnawing and 
staying on the same spot (5). The stereotypic 
behavior was rated after every minute, and 
mean of 15 min period was calculated and 
recorded [30-32].
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Evaluations of brain lipid peroxidation

Lipid peroxide formation was assayed by evalu-
ating the thiobarbituric acid reacting substanc-
es (TBARS) in the homogenates. The samples 
were concisely mixed with 50 mM potassium 
phosphate monobasic buffer pH 7.4, 63 μL of 
the homogenate was mixed with 100 μL of 35% 
perchloric acid, then the samples were centri-
fuged (5000 rpm/10 min) and 150 μL of the 
supernatant was take back and mixed with 50 
μL of thiobarbituric acid 1.2% then heated in a 
boiling water bath for 30 min. After cooling, the 
lipid peroxidation was assessed by the absor-
bance at 535 nm and was stated as μmol of 
malondialdehyde (MDA)/mg of protein [33].

Statistical analysis

Statistical evaluation was performed by one-
way analysis of variance (ANOVA). Post hoc 
Bonferroni test was applied to determine differ-
ences between the experimental groups. MDA 
levels were evaluated between and within the 
groups by the Kruskal-Wallis variance analysis 
and the Mann-Whitney U-test where appropria-
te results are presented as mean ± SEM. A 
value of P < 0.05 was considered to be signi- 
ficant.

Results

The effect of minocycline on apomorphine-in-
duced stereotypic behavior test

Figure 1 depicts the effects of minocycline and 
chlorpromazine treatment on stereotypy sco-

res. ANOVA results demonstrated significant 
differences between the groups (P < 0.000). 
Post-hoc Bonferonni test showed a significant 
decrease in stereotypy scores in both doses of 
minocycline and chlorpromazine compared to 
saline group (P = 0.000, P = 0.000, P = 0.000, 
resp.). The decrease was significantly larger 
with 100 mg/kg of minocycline compared to 50 
mg/kg.

The effect of minocycline on novelty-induced 
rearing behavior

Figure 2 represents the effects of minocycline 
and chlorpromazine treatment on rearing be- 
havior. ANOVA results revealed significant di- 
fferences between the groups (P < 0.01). Post-
hoc Bonferroni test demonstrated a highly sig-
nificant reduction in rearing behavior in minocy-
cline (50 and 100 mg/kg) and chlorpromazine 
(1 mg/kg) applied rats compared to saline 
group (P = 0.01, P = 0.001, P = 0.000, resp.). 
The inhibitory effect of minocycline on rearing 
behavior was dose dependent, being more evi-
dent at a higher dose (100 mg/kg).

The effect of minocycline on brain lipid peroxi-
dation

Figure 3 represents the effects of minocycline 
and chlorpromazine treatment on brain MDA 
levels. Kruskal-Wallis variance analysis and the 
Mann-Whitney U-test results showed signifi-
cant differences between the groups (P < 
0.001). The test demonstrated a highly signi- 

Figure 1. Apomorphine-induced stereotypy scores (After one hour later minocycline and saline applications apo-
morphine (2 mg/kg, s.c.) was apllied to each rat). Data are expressed as mean ± SEM. Statistical analysis was per-
formed by one way analysis of variance (ANOVA) and Bonferroni’s post hoc test. *p < 0.000 (different from saline).
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ficant decrease in MDA levels in both doses of 
minocycline and chlorpromazine compared to 
saline group (P = 0.001, P = 0.000, resp.).

Discussion

The results of this study showed that the bene-
ficial effects of minocycline on rearing behavior 
stereotypy which are accepted to be indicators 
of anti-psychotic effect. Theoretically, antipsyc-
hotic effect is mediated by means of antidopa-
minergic activity in certain regions of central 
nervous system. But adverse drug effects have 
brought a big burden for the patients. Therefore, 
clinical and nonclinical investigations focused 
on new drugs, which cause fewer side effects. 

There were some experiments about minocycli-
ne adjunct to schizophrenia. A case report [34] 
suggested that adjunctive treatment with mino-
cycline could improve schizophrenic positive 
symptoms. Tsuyoshi Miyaoka [35] reported 
that minocycline in combination with antidep-
ressants is effective and well tolerated in the 
treatment of unipolar psychotic depression. 

Miyaoka et al. [36] reported that they applied 
minocycline (150 mg per day) adjunct to 
antipsychotic medication to 22 patients with 
schizophrenia for four weeks. Kristian Liaury et 
al. [37] showed that minocycline improves 
recognition memory and attenuates the activa-
tion of microglial cells in the hippocampal den-

Figure 2. Rearing behavior scores. Data are expressed as mean ± SEM. Statistical analysis was performed by one-
way analysis of variance (ANOVA) and Bonferroni’s post hoc test. *p < 0.01, **p < 0.001, ***p < 0.000 (different 
from saline).

Figure 3. Brain MDA levels. Data are expressed as mean ± SEM. Statistical analyses were performed by the Kruskal-
Wallis variance analysis and the Mann-Whitney U-test. *p < 0.001, **p < 0.000 (different from saline).
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tate gyrus of Gunn rat, a possible hyperbilirubi-
nemia-induced animal model of schizophrenia.

Exposure of rats to a new environment causes 
novelty-induced behavior syndrome composed 
of rearing, grooming, and wet-dog shakes. The 
novelty-induced rearing behavior reaction is 
regulated by various neurotransmitter systems 
including GABAA, opioid, and dopamine D2 
receptors [38]. In a previous study, Tejashree 
examined the anti-psychotic-like effects of 
liraglutide, a GLP-1 agonist, and sitagliptin, whi- 
ch is a dipeptidyl peptidase (4DPP-4) inhibitor 
[39]. Liraglutide treatment significantly attenu-
ated apomorphine-induced cage climbing be- 
havior, which is thought to be first preclinical 
evidence for anti-psychotic-like effect [39]. In 
Tejashree’s study, liraglutide showed equal 
effect with haloperidol in reversing apomorphi-
ne-induced cage climbing behavior. In the our 
study, minocycline decreased rearing behavior 
in rats in a doserelated manner, which is also 
reduced by chlorpromazine more efficiently. 
Chlorpromazine, a very effective antagonist of 
D2 dopamine receptors, exerts additional anti-
adrenergic, anticholinergic, and antihistaminer-
gic effects [40]. Hence, the efficacy of chlorpro-
mazine on rearing behavior may be associated 
with its sedative effect, which is principally 
maintained by anticholinergic and antihistami-
nergic properties of that drug.

Sotoing Taiwe et al. [38] examined the effect of 
aqueous extract and alkaloid fraction of 
Crassocephalum bauchiense in rats. Both aqu-
eous extract and the alkaloid fraction caused 
dose-dependent inhibition in the rearing beha-
vior, which is mediated through GABA-A, opioid, 
and D2 dopamine receptors [38]. Stereotypical 
behavior is a common feature manifested in 
schizophrenia and is increased by apomorphi-
ne probably through D2 receptors. Besides rea-
ring behavior, Sotoing Taiwe et al. showed that 
aqueous extract and alkaloid fraction of 
Crassocephalum bauchiense decreased the 
apomorphine-induced stereotypy scores [38]. 
In our study, minocycline also significantly les-
sened the stereotypy scores. Application of 
minocycline may be D2 dopamine receptors 
and lead to extrapyramidal type adverse 
reaction.

It is well known that anti-psychotic drugs are 
the first choices for the treatment of schizoph-

renia. Majority of the studies indicated the inc-
reased levels of oxidative stress parameters 
after the treatment with classical antipsychoti-
cs. For example, Sagara et al. [41] showed that 
haloperidol induced a sixfold increase in levels 
of reactive oxygen species (ROS) and treatment 
of antioxidants, such as vitamin E, lowered the 
levels of ROS, and protected the cells. Similarly, 
Reinke et al. [42] revealed that haloperidol and 
clozapine were related with oxidative stress in 
the rat brain, but haloperidol-receiving group 
showed a higher increase compared to clozapi-
ne. More recently, Kropp et al. [43] measured 
the MDA levels in schizophrenic patients during 
treatment with first- and second-generation 
antipsychotics. According to their results, MDA 
levels in patients receiving clozapine, quetiapi-
ne, and risperidone were lower than the first-
generation antipsychotic receiving group. They 
found that atypical anti-psychotics attenuated 
the oxidative stress and decreased oxidative 
damagemarkers. On the other hand, it has 
been claimed that increased oxidative stress 
seen in some clozapine treated patients could 
be related to the illness severity since clozapi-
ne is generally applied in refractory patients 
[44].

All these studies point out that there is a 
growing body of evidence proving the importan-
ce of oxidative stress in schizophrenia both in 
pathogenesis and treatment modalities.

So, it is suggested that antioxidants might be 
useful in the treatment of schizophrenia. For 
instance, Dakhale et al. [45] indicated that vita-
min C and oral anti-psychotic combination 
reduced concise psychiatric rating scale scores 
and MDA levels. As the majority of the studies 
show the improving effects of anti-oxidants as 
an adjunct therapy, we propose that minocycli-
ne might be beneficial with its obvious antioxi-
dant effects in schizophrenia.

Conclusion

In view of the effects of minocycline on rearing 
behavior and stereotypical behavior in rats, we 
propose that minocycline may have anti-psyc-
hotic-like potential because of its antidopami-
nergic effects. On the other hand, minocycline, 
as an anti-oxidant and cytoprotective agent, 
can be useful in neuroprotection especially on 
early stages of psychosis or prepsychotic pati-
ents with insignificant symptoms. In addition, 
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as glutamatergic excitotoxicity is responsible 
for the neurodegeneration and neuronloss, whi-
chispossibly relatedwithnegative symptoms 
and cognitive dysfunction, minocycline might 
be having a potential as a regulator on glutama-
tergic system. However, as we have little data 
about trimetazidine’s anti-dopaminergic effe-
cts and glutamatergic modulating roles compa-
red to its well-known anti-oxidant effects in psy-
chotic patients, this study needs to be sup- 
ported by further experimental and clinical 
research.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Recep Dokuyucu, 
Department of Medical Physiology, Mustafa Kemal 
University, Hatay 31100, Turkey. Tel: +90 555 267 
0267; Fax: +90 326 224556; E-mail: drecepfatih@
gmail.com

References

[1]	 van Os J and Kapur S. Schizophrenia. Lancet 
2009; 374: 635-645.

[2]	 Meyer U. Developmental neuroinflammation 
and schizophrenia. Prog Neuropsychopharma-
col Biol Psychiatry 2013; 42: 20-34.

[3]	 Seeman P. Dopamine receptors and the dopa-
mine hypothesis of schizophrenia. Synapse 
1987; 1: 133-152.

[4]	 Abi-Dargham A and Moore H. Prefrontal DA 
transmission at D1 receptors and the patho-
logy of schizophrenia. Neuroscientist 2003; 9: 
404-416.

[5]	 Kuepper R, Skinbjerg M and Abi-Dargham A. 
The dopamine dysfunction in schizophrenia re-
visited: new insights into topography and cour-
se. Handb Exp Pharmacol 2012; 1-26.

[6]	 Kapur S and Seeman P. Does fast dissociation 
from the dopamine d(2) receptor explain the 
action of atypical antipsychotics: A new hypot-
hesis. Am J Psychiatry 2001; 158: 360-369.

[7]	 Seeman P. Atypical antipsychotics: mechanism 
of action. Can J Psychiatry 2002; 47: 27-38.

[8]	 Pazvantoglu O, Selek S, Okay IT, Sengul C, Ka-
rabekiroglu K, Dilbaz N and Erel O. Oxidative 
mechanisms in schizophrenia and their relati-
onship with illness subtype and symptom profi-
le. Psychiatry Clin Neurosci 2009; 63: 693-
700.

[9]	 Padurariu M, Ciobica A, Dobrin I and Stefanes-
cu C. Evaluation of antioxidant enzymes activi-
ties and lipid peroxidation in schizophrenic 
patients treated with typical and atypical an-

tipsychotics. Neurosci Lett 2010; 479: 317-
320.

[10]	 Kunz M, Gama CS, Andreazza AC, Salvador M, 
Cereser KM, Gomes FA, Belmonte-de-Abreu 
PS, Berk M and Kapczinski F. Elevated serum 
superoxide dismutase and thiobarbituric acid 
reactive substances in different phases of bi-
polar disorder and in schizophrenia. Prog Neu-
ropsychopharmacol Biol Psychiatry 2008; 32: 
1677-1681.

[11]	 Wang JF, Shao L, Sun X and Young LT. Increa-
sed oxidative stress in the anterior cingulate 
cortex of subjects with bipolar disorder and sc-
hizophrenia. Bipolar Disord 2009; 11: 523-
529.

[12]	 Maes M. Inflammatory and oxidative and nitro-
sative stress pathways underpinning chronic 
fatigue, somatization and psychosomatic 
symptoms. Curr Opin Psychiatry 2009; 22: 75-
83.

[13]	 Ponzoni S. Macrophages-mediated neurotoxic 
effects of intra-nigral manganese administrati-
on are attenuated by minocycline. Neurosci 
Lett 2012; 506: 136-140.

[14]	 Aronson AL. Pharmacotherapeutics of the 
newer tetracyclines. J Am Vet Med Assoc 1980; 
176: 1061-1068.

[15]	 Barza M, Brown RB, Shanks C, Gamble C and 
Weinstein L. Relation between lipophilicity and 
pharmacological behavior of minocycline, 
doxycycline, tetracycline, and oxytetracycline in 
dogs. Antimicrob Agents Chemother 1975; 8: 
713-720.

[16]	 Hashimoto K and Ishima T. A novel target of 
action of minocycline in NGF-induced neurite 
outgrowth in PC12 cells: translation initiation 
[corrected] factor eIF4AI. PLoS One 2010; 5: 
e15430.

[17]	 Levkovitz Y, Mendlovich S, Riwkes S, Braw Y, 
Levkovitch-Verbin H, Gal G, Fennig S, Treves I 
and Kron S. A double-blind, randomized study 
of minocycline for the treatment of negative 
and cognitive symptoms in early-phase schi-
zophrenia. J Clin Psychiatry 2010; 71: 138-
149.

[18]	 Miyaoka T, Yasukawa R, Yasuda H, Hayashida 
M, Inagaki T and Horiguchi J. Possible antipsy-
chotic effects of minocycline in patients with 
schizophrenia. Prog Neuropsychopharmacol 
Biol Psychiatry 2007; 31: 304-307.

[19]	 Fujita Y, Ishima T, Kunitachi S, Hagiwara H, 
Zhang L, Iyo M and Hashimoto K. Phencyclidi-
ne-induced cognitive deficits in mice are imp-
roved by subsequent subchronic administrati-
on of the antibiotic drug minocycline. Prog 
Neuropsychopharmacol Biol Psychiatry 2008; 
32: 336-339.

[20]	 Zhang L, Shirayama Y, Shimizu E, Iyo M and 
Hashimoto K. Protective effects of minocycline 

mailto:drecepfatih@gmail.com
mailto:drecepfatih@gmail.com


Antipsychotic-like effect of minocycline

3360	 Int J Clin Exp Med 2014;7(10):3354-3361

on 3,4-methylenedioxymethamphetamine-in-
duced neurotoxicity in serotonergic and dopa-
minergic neurons of mouse brain. Eur J Phar-
macol 2006; 544: 1-9.

[21]	 Hashimoto K, Sawa A and Iyo M. Increased le-
vels of glutamate in brains from patients with 
mood disorders. Biol Psychiatry 2007; 62: 
1310-1316.

[22]	 Mizoguchi H, Takuma K, Fukakusa A, Ito Y, Na-
katani A, Ibi D, Kim HC and Yamada K. Impro-
vement by minocycline of methamphetamine-
induced impairment of recognition memory in 
mice. Psychopharmacology (Berl) 2008; 196: 
233-241.

[23]	 Zhang L, Kitaichi K, Fujimoto Y, Nakayama H, 
Shimizu E, Iyo M and Hashimoto K. Protective 
effects of minocycline on behavioral changes 
and neurotoxicity in mice after administration 
of methamphetamine. Prog Neuropsychophar-
macol Biol Psychiatry 2006; 30: 1381-1393.

[24]	 Levkovitz Y, Levi U, Braw Y and Cohen H. Mino-
cycline, a second-generation tetracycline, as a 
neuroprotective agent in an animal model of 
schizophrenia. Brain Res 2007; 1154: 154-
162.

[25]	 Juckel G, Manitz MP, Brune M, Friebe A, Hene-
ka MT and Wolf RJ. Microglial activation in a 
neuroinflammational animal model of schi-
zophrenia--a pilot study. Schizophr Res 2011; 
131: 96-100.

[26]	 Dean OM, Data-Franco J, Giorlando F and Berk 
M. Minocycline: therapeutic potential in psyc-
hiatry. CNS Drugs 2012; 26: 391-401.

[27]	 Chaudhry IB, Hallak J, Husain N, Minhas F, Stir-
ling J, Richardson P, Dursun S, Dunn G and De-
akin B. Minocycline benefits negative symp-
toms in early schizophrenia: a randomised 
double-blind placebo-controlled clinical trial in 
patients on standard treatment. J Psychophar-
macol 2012; 26: 1185-1193.

[28]	 Zhang L, Shirayama Y, Iyo M and Hashimoto K. 
Minocycline attenuates hyperlocomotion and 
prepulse inhibition deficits in mice after admi-
nistration of the NMDA receptor antagonist di-
zocilpine. Neuropsychopharmacology 2007; 
32: 2004-2010.

[29]	 Ajayi AA and Ukponmwan OE. Possible eviden-
ce of angiotensin II and endogenous opioid 
modulation of novelty-induced rearing in the 
rat. Afr J Med Med Sci 1994; 23: 287-290.

[30]	 Amos S, Abbah J, Chindo B, Edmond I, Binda L, 
Adzu B, Buhari S, Odutola AA, Wambebe C and 
Gamaniel K. Neuropharmacological effects of 
the aqueous extract of Nauclea latifolia root 
bark in rats and mice. J Ethnopharmacol 2005; 
97: 53-57.

[31]	 Dong SM, Kim YG, Heo J, Ji MK, Cho JW and 
Kwak BS. YKP1447, A Novel Potential Atypical 
Antipsychotic Agent. Korean J Physiol Pharma-
col 2009; 13: 71-78.

[32]	 Reavill C, Kettle A, Holland V, Riley G and 
Blackburn TP. Attenuation of haloperidol-indu-
ced catalepsy by a 5-HT2C receptor antago-
nist. Br J Pharmacol 1999; 126: 572-574.

[33]	 Ohkawa H, Ohishi N and Yagi K. Assay for lipid 
peroxides in animal tissues by thiobarbituric 
acid reaction. Anal Biochem 1979; 95: 351-
358.

[34]	 Chaves C, de Marque CR, Wichert-Ana L, Maia-
de-Oliveira JP, Itikawa EN, Crippa JA, Zuardi 
AW, Todd KG, Baker GB, Dursun SM and Hallak 
JE. Functional neuroimaging of minocycline’s 
effect in a patient with schizophrenia. Prog 
Neuropsychopharmacol Biol Psychiatry 2010; 
34: 550-552.

[35]	 Miyaoka T, Wake R, Furuya M, Liaury K, Ieda M, 
Kawakami K, Tsuchie K, Taki M, Ishihara K, 
Araki T and Horiguchi J. Minocycline as adjunc-
tive therapy for patients with unipolar psycho-
tic depression: an open-label study. Prog Neu-
ropsychopharmacol Biol Psychiatry 2012; 37: 
222-226.

[36]	 Miyaoka T. Clinical potential of minocycline for 
schizophrenia. CNS Neurol Disord Drug Tar-
gets 2008; 7: 376-381.

[37]	 Liaury K, Miyaoka T, Tsumori T, Furuya M, Has-
hioka S, Wake R, Tsuchie K, Fukushima M, Li-
moa E, Tanra AJ and Horiguchi J. Minocycline 
improves recognition memory and attenuates 
microglial activation in Gunn rat: a possible hy-
perbilirubinemia-induced animal model of sc-
hizophrenia. Prog Neuropsychopharmacol Biol 
Psychiatry 2014; 50: 184-190.

[38]	 Sotoing Taiwe G, Ngo Bum E, Talla E, Dawe A, 
Okomolo Moto FC, Temkou Ngoupaye G, Sidiki 
N, Dabole B, Djomeni Dzeufiet PD, Dimo T and 
De Waard M. Antipsychotic and sedative effe-
cts of the leaf extract of Crassocephalum bau-
chiense (Hutch.) Milne-Redh (Asteraceae) in 
rodents. J Ethnopharmacol 2012; 143: 213-
220.

[39]	 Dixit TS, Sharma AN, Lucot JB and Elased KM. 
Antipsychotic-like effect of GLP-1 agonist lirag-
lutide but not DPP-IV inhibitor sitagliptin in 
mouse model for psychosis. Physiol Behav 
2013; 114-115: 38-41.

[40]	 Stahl SM. Neuroscientific Basis and Practical 
Applications Cambridge University Press; 
2000. 

[41]	 Sagara Y. Induction of reactive oxygen species 
in neurons by haloperidol. J Neurochem 1998; 
71: 1002-1012.

[42]	 Reinke A, Martins MR, Lima MS, Moreira JC, 
Dal-Pizzol F and Quevedo J. Haloperidol and 
clozapine, but not olanzapine, induces oxidati-
ve stress in rat brain. Neurosci Lett 2004; 372: 
157-160.

[43]	 Kropp S, Kern V, Lange K, Degner D, Hajak G, 
Kornhuber J, Ruther E, Emrich HM, Schneider 



Antipsychotic-like effect of minocycline

3361	 Int J Clin Exp Med 2014;7(10):3354-3361

U and Bleich S. Oxidative stress during treat-
ment with first- and second-generation an-
tipsychotics. J Neuropsychiatry Clin Neurosci 
2005; 17: 227-231.

[44]	 Gama CS, Salvador M, Andreazza AC, Kapc-
zinski F and Silva Belmonte-de-Abreu P. Eleva-
ted serum superoxide dismutase and thiobar-
bituric acid reactive substances in schizo- 
phrenia: a study of patients treated with halo-
peridol or clozapine. Prog Neuropsychophar-
macol Biol Psychiatry 2006; 30: 512-515.

[45]	 Dakhale GN, Khanzode SD, Khanzode SS and 
Saoji A. Supplementation of vitamin C with aty-
pical antipsychotics reduces oxidative stress 
and improves the outcome of schizophrenia. 
Psychopharmacology (Berl) 2005; 182: 494-
498.


