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ABSTRACT

	 We studied the effect of bone marrow-derived stem cells (BM-SCs) on oxidative stress, 
inflammation and pathological changes induced in the brain and liver of mice by the antipsychotic 
drug haloperidol. Mice were intraperitoneally (i.p.) treated with haloperidol at 5 mg/kg for 3 consecutive 
days followed by i.p. stem cell suspension and euthanized 24h later. Haloperidol resulted in increased 
brain and liver malondialdehyde (MDA) and nitric oxide contents together with decreased reduced 
glutathione (GSH). There were also decreased paraoxonase-1 (PON-1) activity in brain and liver 
and increased interleukin-1a (IL-1 a), interleukin-6 (IL-6) and tumour necrosis factor-alpha (TNF-a) 
in brain tissue. Haloperidol produced neuronal necrosis and apoptosis and the appearance of 
esinophilic areas and strong TNF-a  immunoreactivity in the cerebral cortex and striatum of treated 
mice. In the liver, centrilobular necrosis, inflammatory cell infiltration and sinusoidal haemorrhage 
were observed. In haloperidol-treated mice, stem cell injection had no significant effects on brain and 
liver levels of MDA, nitric oxide or GSH. Paraoxonase-1 activity in brain, however, decreased by stem 
cells application.  In brain, there were decreased IL-1a, IL-6 and TNF-a. Brain neurodegenerative 
changes, brain TNF-immunoreactivity and histological liver damage were all markedly ameliorated 
after stem cell treatment. These results indicate that stem cells protect against brain and liver toxicity 
caused by short term haloperidol treatment in high dose. The protective effects of stem cell treatment 
is likely to result from interfering with cytokine release. 

Keywords: Stem cells; Haloperidol; Oxidative stress; Paraoxonase-1; Interleukin;
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INTRODUCTION

	 Haloperidol is a classic antipsychotic drug 
in use to treat symptoms of schizophrenia. The 
drug acts by inhibiting dopamine D2 receptors (D2, 
3, 4) in mesolimbic dopaminergic pathway1 and is 

effective in improving the positive symptoms i.e., 
delusions and hallucinations2. Haloperidol also binds 
to striatal D2 receptors with high occupancy and with 
an increased propensity of inducing extrapyramdial 
manifestations eg., tardive dyskinesia3. The drug 
in addition is likely to impair cognition compared 
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to the newer generation antipsychotic agents4. 
Haloperidol causes brain oxidative stress5-7, 
a situation where the increased generation of 
reactive oxygen metabolites overwhelms the cell’s 
antioxidant mechanisms with a resultant oxidative 
damage to cell membrane lipids, enzymes, and 
nucleic acids8. When given to rats, haloperidol 
resulted in increased lipid peroxidation, depletion 
of reduced glutathione, increased nitric oxide in 
several brain regions7,9,10 and caused neuronal 
damage11,12. Haloperidol thus despite its ability to 
improve symptoms of schizophrenia, might in the 
same time increase the susceptibility of the brain 
tissue to neurodegeneration via causing oxidative 
stress. The latter has been linked to the development 
of schizophrenic symptoms13,14 and there is evidence 
suggesting a benefit from administering antioxidant 
molecules to schizophrenic subjects15-17.  The 
presence of increased concentrations of the pro-
inflammatory cytokines INF-g and NF-a in the brain of 
schizophrenic subjects also indicates the presence 
of an ongoing inflammatory process18-20 and this 
could be exacerbated by haloperidol.

	 Stem cells are characterized by self-
renewal and the ability to differentiate into a variety 
of cell lineages21. They are classified into embryonic 
stem cells, embryonic germ cells and adult stem cells 
that can be found in bone marrow, blood, adipose 
tissue, brain, and liver21,22. Research on stem 
cells has attracted much interest for their possible 
application in the treatment of many neurological 
diseases. Replacing diseased or damaged brain 
cells with other healthy cells is in itself an old hope 
and requirement23. Recently, however, mounting 
evidence suggest that the benefit from stem cells 
might derive from an anti-inflammatory and immune-
modulating actions24. Mesenchymal stem cells 
(MSCs) can be isolated from adult tissues such as 
bone marrow, adipose tissue, muscle, liver, and 
skin21. When given intravenously, these cells have 
demonstrated a therapeutic potential in experimental 
models of traumatic brain injury24,25, Parkinson’s 
disease26, fulminant hepatic failure27, liver fibrosis28, 
graft-versus-host disease29 and ischaemic acute 
renal failure30. In these studies, stem cell therapy 
have shown to exert acute anti-inflammatory, 
antiapoptotic and immune modulating effects that 
are largely thought to account for the therapeutic 
benefit. 

	 In view of the above, the present study 
aimed to investigate the possible effects of stem cell 
therapy on the oxidative stress and inflammatory 
status after acute haloperidol administration in mice 
with a view to possibly reducing the side effects of 
the classic antipsychotic.

MATERIALS AND METHODS

Animals
	 Studies were conducted using Swiss male 
albino mice 22–25 g of body weight and aged 5– 6 
weeks. Mice were obtained from the animal house 
colony of the National Research Centre (Cairo, 
Egypt), housed on a 12-h light/dark cycle and 
allowed free access to standard laboratory food and 
tap water. Animal procedures were done according 
to the Ethics Committee of the National Research 
Centre and the recommendations of the National 
Institutes of Health Guide for Care and Use of 
Laboratory Animals (Publication No. 85-23, revised 
1985).

Drugs and chemicals
	 Haloperidol was obtained from Kahira 
Pharm and Chem. IND (Cairo, Egypt) and dissolved 
in sterile physiological saline. Stem cell isolates were 
obtained from Cairo University. All other chemicals 
were of analytical grade and purchased from Sigma. 

Study design
	 Mice were randomly divided into 4 equal 
groups (6 mice each). The first 3 groups were 
treated with haloperidol (5 mg/kg, i.p., 0.1 ml) 
for 3 consecutive days and then received either 
physiological saline (0.2 ml) or stem cell suspension 
(2 × 105 BM-SCs, 0.2 ml). The 4th group was 
treated with only saline (i.e. no haloperidol). Mice 
were euthanized 4h after stem cell injection by 
decapitation under ether anesthesia. The brain and 
liver of each mouse were then quickly removed on 
ice plates, washed with ice-cold phosphate buffered 
saline (PBS, pH 7.4), weighed, and then stored at”80 
°C. The brain and liver tissues were homogenized 
with 0.1 M phosphate buffer saline at pH 7.4 to give 
a final concentration of 10 %w/v for the biochemical 
assays. 
	
Stem cell isolation 
	 Bone marrow was harvested by flushing 
the rat tibiae and femurs with Dulbecco’s modified 
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Eagle’s medium supplemented with 10% fetal bovine 
serum. Nucleated cells were then isolated with a 
density gradient and re-suspended in a complete 
culture medium supplemented with 1% penicillin–
streptomycin. Cells were incubated at 37°C in 5% 
humidified CO2 for a period of 12–14 days as a 
primary culture. Following the development of large 
colonies, cultures were then washed twice with 
phosphate buffer saline and the cells trypsinized with 
0.25% trypsin in 1mM EDTA for 5 min at 37°C. After 
centrifugation cells were re-suspended in serum 
supplemented medium and incubated in 50 cm2 
culture flask. The resulting cultures were referred 
to as first-passage cultures. The identification of 
cells as being MSCs was based on morphology, 
adherence and the ability to differentiate into 
osteocytes and chondrocytes31.

Determination of lipid peroxidation
	 Lipid peroxidation was assayed by 
measuring the level of malondialdehyde in 
supernatants using the method of Ruiz-Larrea 
et al.32. In this assay thiobarbituric acid reactive 
substances (TBARS) react with thiobarbituric acid 
to produce a red-colored complex having peak 
absorbance at 532 nm.

Determination of reduced glutathione
	 Reduced glutathione was measured in 
tissue supernatants using the method of Ellman33. 
In this assay, Ellman´s reagent is reduced by –SH 
groups of GSH to form 2-nitro-s-mercaptobenzoic 
acid. The nitromercaptobenzoic acid anion with 
an intense yellow color can then be determined 
spectrophotometrically.

Nitrite determination
	 The measurement of nitric oxide in 
supernatants was done according to the method 
of Moshage et al.34. In this assay nitrite is used as 
indicator for the production of nitric oxide.

Determination of paraoxonase activity
	 Arylesterase activity of paraoxonase was 
measured spectrophotometrically in supernatants 
using phenylacetate as a substrate. Arylesterase/
paraoxonase catalyzes the cleavage of phenyl 
acetate resulting in phenol formation. The rate of 
formation of phenol is measured by monitoring the 
increase in absorbance at 270 nm at 25 °C35,36. 

Quantification of IL-1b
	 Interleukin-1beta (IL-1b) was measured in 
tissue supernatants using commercially available 
IL-1 beta ELISA kit (KOMA BIOTECH Inc.) according 
to manufacture instructions. The kit uses a double 
antibody sandwich enzyme linked immunosorbent 
assay to measure the level of IL-1b. 

Quantification of IL-6
	 Interleukin-6 (IL-6) was assayed in tissue 
supernatants using a double-antibody sandwich 
enzyme-linked immunosorbent assay (R&D 
Systems, Minneapolis, MN).

Quantification of TNF-a
	 The level of TNF-a in tissue supernatants 
was determined with a double-antibody sandwich 
enzyme-linked immunosorbent assay (ELISA) 
kit supplied by Thermofischer Scientific Co, USA 
according to the manufacture instructions.

Histopathology
	 Brain and liver sections were fixed in 
freshly prepared 10 % neutral buffered formalin, 
processed routinely, and embedded in paraffin. 
Paraffin sections (5 µM thick) were prepared and 
stained with haematoxylin and eosin (H&E) for 
the histopathological examination. Sections were 
examined using a light microscope (Nikon, Japan). 

Immunohistochemistry
	 For immunohistochemistry 4 µm thick 
deparaffinized tissue sections were used. Briefly, 
deparaffinized slices were incubated overnight with 
antibodies against inducible TNF-a (diluted 1:100). 
Endogenous peroxidase activity was blocked by 
incubation in 0.075% hydrogen peroxide in PBS. 
For antibody detection DAKO EnVision+ System, 
Peroxidase/DAB kit was used. The sections were 
counterstained with haematoxylin, dehydrated 
with graded alcohols and xylene, and mounted 
on slides. The immunostaining intensity and 
cellular localization TNF-a was studied using light 
microscopy.

Statistical analysis
	 Data are presented as mean ± SE. The 
data are analyzed by one way analysis of variance, 
followed by Duncan’s multiple range test for post 
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hoc comparison of group means. Effects with a 
probability of p<0.05 are considered significant.

RESULTS

Biochemical results
Oxidative stress markers
	 Mice treated with haloperidol alone had 
significantly higher brain malondialdehyde and 
nitric acid contents by 35.1% and 48.2% compared 
with the saline control group. There was a 28.7% 
and 36.1% decrease in reduced glutathione PON-
1 activity, respectively. In addition, haloperidol 
treatment caused significant increase in the liver 
malondialdehyde and nitric oxide levels by 60.5% 
and 58.4%, respectively. Significantly decreased 
reduced glutathione by 36% and PON-1 activity by 
32.4% were also observed in the liver of haloperidol 
injected mice compared with the saline group. The 
administration of BM-SCs had no significant effect 
on the concentration of malondiadehyde, nitric oxide, 
reduced glutathione in the brain and liver tissue of 
haloperidol treated mice.  BM-SCs administered 
after haloperidol treatment, however, decreased 

brain PON-1 activity by 18.2% compared with 
haloperidol only treatment (Table 1).

Inflammatory markers
	 The concentrations of IL-1b, IL-6, and TNF-a 
were markedly and significantly elevated in the brain 
of haloperidol treated mice by 5.11.6%, 344.3% and 
249.7%, respectively, compared with the saline 
group. The administration of BM-SCs significantly 
reduced IL-1b, IL-6, and TNF-a concentrations by 
21.9%, 16.9%, 30.2%, respectively, compared with 
the haloperidol treated group (Table 2). 

Histopathological results
Brain tissue
	 In the cortex and striatum of the saline-
treated control group the normal structure and 
neuronal cells with prominent nuclei were observed 
(Fig.1 & 2 A). Haloperidol caused disorganization 
of cortical layers, degeneration, shrinkage of 
neurons, neuronal necrosis, vacuolation of neuropil, 
eosinophilic areas and pyknosis with apoptotic cells 
in the cortex and striatum. Perivascular space was 
found to be increased or dilated along with focal 

Table 1: Effect of single injection of bone marrow derived 
stem cells (BM-SCs) on oxidative stress in brain of mice treated 

with haloperidol (5 mg/kg) for 3 consecutive days

	 Saline	 Haloperidol	 Haloperidol + BM-SCs

MDA (nmol/g. tissue)	 25.1 ± 0.96	 33.9 ± 1.25*	 32.7 ± 2.00*

Nitric oxide (µmol/g. tissue)	 22.0 ± 1.43	 32.6 ± 2.4*	 32.9 ± 2.1*

GSH (µmol/g. tissue)	 4.08 ± 0.34	 2.91 ± 0.11*	 3.11 ± 0.19*

PON1 (kU/l)	 14.35 ± 0.93	 9.17 ± 0.51*	 7.50  ± 0.82*+

Results are presented as mean ± SEM. *p<0.05 vs. saline control group

Table 2: Effect of single injection of bone marrow derived stem cells (BM-SCs) on 
oxidative stress in liver of mice treated with haloperidol (5 mg/kg) for 3 consecutive days

	 Saline	 Haloperidol	 Haloperidol + BM-SCs

MDA (nmol/g. tissue)	 39.5 ± 1.5	 68.38 ± 3.9*	 64.8 ± 2.3*
Nitric oxide ( µmol/g. tissue)	 43.8 ± 3.0	 69.4 ± 5.6*	 71.6 ± 3.2*
GSH ( µmol/g. tissue)	 9.46 ± 0.68	 6.06 ± 0.41*	 5.78 ± 0.65*
PON1 (kU/l)	 39.35 ± 2.23	 26.60 ± 1.52*	 30.1 ± 1.90*

Results are presented as mean ± SEM. *p<0.05 vs. saline control group
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Fig. 1: Representative light microphotographs from the cerebral cortex of mice treated with; 
(A) Saline showing normal neurons (N) and prominent nuclei (H & E X 400). (B) Haloperidol: 

cytoplasmic vacuoletion (V), degeneration of neural cells (arrow), and pyknotic darkly stained 
nuclei (P) with apoptotic cells (arrowhead)(H & E X 400). (C) Haloperidol group: cytoplasmic 

vacuoletion (V), degeneration of neural cells (arrow), and pyknotic darkly stained nuclei (P) with 
apoptotic cells (arrowhead).(H & E X 1000). (D) Haloperidol and stem cells: few degenerated 

neurons (arrow), hemorrhage (H) with few  pyknotic nuclei (P) (H & E X 400)

Fig. 2: Representative light microphotographs from the striatum of mice treated with; (A) Saline: 
normal neurons (N) and prominent nuclei (H & E X 400). (B) Haloperidol: vacuolation of neuropil 

(V), red neurons (R), pyknotic darkly (arrow) stained and apoptotic nuclei (arrowhead). (C) 
Haloperidol: shrunken with vacuolation of neuropil (V) and red neurons (R). Pyknotic darkly 

(arrow) stained and apoptosis nuclei (arrowhead) (H & E X 1000). (D) Haloperidol and stem cells: 
few pyknotic (arrow) and apoptosis nuclei (arrowhead) (H & E X 400)
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Table 3: Effect of single injection of bone marrow derived stem cells (BM-SCs) on brain IL-
1β, IL-6 and TNF-α in mice treated with haloperidol (5 mg/kg) for 3 consecutive days

	 Saline	 Haloperidol	 Haloperidol + BM-SCs

IL-1β (Pg/ml)	 61.00 ± 2.70	 373.11 ± 8.92*	 291.52 ± 7.43*+
IL-6 (Pg/ml)	 4.40 ± 0.23	 19.55 ± 0.81*	 16.25 ± 0.53*+
TNF-α (Pg/ml)	 18.30 ± 0.76	 64.00 ± 3.80*	 44.70 ± 0.25*+

Results are presented as mean ± SEM. *p<0.05 vs. saline control group. +*p<0.05 vs. haloperidol 
control group.

cerebral hemorrhage inside the brain parenchyma 
(Fig. 1, 2 B & C). However, light microscopic 
examination of these brain regions after treatment 
with stem cell suspension, showed return of brain 
tissues towards normal morphology as evidenced 
by remarkable regression of the total degenerative 
changes induced by haloperidol, although pyknosis 
of some neurons was still seen (Fig. 1, 2 D).

Liver tissue
	 Sections from saline treated mice showed 
normal hepatic architecture with distinct hepatic 

cells, central vein, sinusoidal spaces and prominent 
nuclei (Fig.3A). Haloperidol resulted in distortion 
in hepatocyte arrangement, obvious centrilobular 
necrosis with degeneration, vacuolation with 
the nuclei appearing pyknotic in these cells. 
Inflammatory cell infiltration especially in the 
periportal area, dark eosinophilic cytoplasm, dilation 
and sinusoidal hemorrhage with activation of Kupffer 
cell were also observed (Fig. 3B & C). In the group 
treated with haloperidol and stem cell suspension, 
there was almost normalization of the liver tissue 
and normalized cellular arrangement around the 

Fig. 3: Representative light microphotographs from the liver of mice treated with; (A) Saline: 
normal structure of the hepatic lobule:  central vein (CV) and surrounding hepatocytes (H), 

sinusoids (S) and nucleus (N). (B) Haloperidol: distortion of hepatic architecture, necrosis with 
degeneration of hepatocytes with pyknotic nuclei. Dilation and hemorrhage of sinusoids. (C) 
Haloperidol group: distortion of hepatic architecture, inflammatory cell infiltration especially 

in the periportal area, dark eosinophilic cytoplasm, degeneration of hepatocytes with pyknotic 
nuclei. (D) Haloperidol and stem cells: normal hepatic cells with dilatation of hepatic sinusoids 

(S) and pyknotic nuclei (P) (H & E X 400)
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central vein, reduced necrosis with mild dilatation 
of sinusoids and no congestion. The nuclei of the 
liver were nearly normal indicating the recovery of 
the liver tissues, except few pyknotic cells (Fig. 3 D).

Tumour necrosis factor immunoreactivity
	 The cerebral cortex and striatum of the 
saline control group showed negligible staining for 
TNF-a expression (Figs. 4 D & G). Strong TNF-
aimmunoreactivity in the cytoplasm and nuclei of 
neurons was, however, seen in mice treated with 
haloperidol (Figs. 4 E & H). TNF-a expression 
decreased to nearly normal levels in the haloperidol 
and stem cells-treated group as compared to that 
of the haloperidol only group. Only a few scattered 
TNF-a-positive cells were observed (Fig. 4  F & I).

	 In the liver tissue TNF-a immunoreactivity 
was not detected in saline control group (Fig. 4 A). In 
the haloperidol group, strong TNF-a expression was 
seen mainly in the necrotic areas and predominantly 
in pericentral and periportal areas (Fig. 4B). Mice 
treated with haloperidol and stem cells showed 
markedly reduced TNF-a immunoreactivity (Fig. 4C). 

DISCUSSION

	 In this study, haloperidol given at 5 mg/
kg for three consecutive days produced neuronal 
necrosis and apoptosis in the cerebral cortex and 
striatum as well as hepatic centrilobular necrosis 
with inflammatory cell infiltration and sinusoidal 
haemorrhage. We also found that single systemic 

A–C: liver tissue: (A) Saline-treated mice: there was no TNF-α expression. (B) Haloperidol treatment: strong TNF-α 
immunoreactivity. (C) Haloperidol + stem cells: markedly reduced TNF-α immunoreactivity. 
D–F: cerebral cortex: (A) Saline-treated mice: no TNF-α immunoreactivity. (B) Haloperidol treatment: TNF-α 
immunopositivity was strongly increased. (C) Haloperidol + stem cells: few TNF-α-immunoreactive neurons. 
G–I: striatum: (A) Saline-treated mice: no TNF-α immunoreactivity. (B) Haloperidol treatment: strong TNF-α 
immunoreactivity. (C) Haloperidol + stem cells: few TNF-α-immunoreactive neurons. (TNF-α, hematoxylin counterstain 
×400 and brown color indicates TNF-positivity).

Fig. 4: Representative Immunohistochemical microphotographs of TNF-a immunoreactivity from 
the liver (A–C), cerebral cortex (D–F) and striatum (G–I) of mice treated with saline, haloperidol or 

haloperidol + stem cell suspension. 
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administration of BM-MSCs suspension was able to 
ameliorate brain and liver tissue damage caused by 
acute haloperidol injection in mice. The study thus 
provides further evidence for a neuro- and hepatic 
protective effect for MSCs. The administration 
of haloperidol in the dose of 5 mg/kg was found 
to cause lipid peroxidation indicated by the rise 
in tissue malondialdehyde level. There was also 
depletion of the intracellular antioxidant and the 
free radical scavenger reduced glutathione which 
is likely to reflect its consumption by the increased 
generation of free radicals. The results obtained 
are in agreement with other studies indicating 
increased brain and liver oxidative stress after 
haloperidol administration in rodents5,9,7,10,37. In these 
studies, chronic haloperidol administration caused 
increased malondialdehyde and depletion of reduced 
glutathione in several brain regions and in the liver7,9. 
The drug also increased superoxide in striatum37 and 
decreased brain superoxide dismutase activity12,38, 
glutathione peroxidase activity12, catalase activity 
and total antioxidant capacity10. In vitro, haloperidol 
increased the levels of TBARS when incubated with 
plasma from healthy volunteers39. In this study, we 
also found increased brain and liver tissue nitric 
oxide by haloperidol. These observations confirm 
other studies that showed increased nitric oxide 
increased in whole brain and cortex after chronic 
treatment with haloperidol in mice and rats7,10. The 
increased tissue nitric oxide by haloperidol could 
be involved in the observed tissue damage via the 
formation of more reactive oxygen and nitrogen 
species by reacting with molecular oxygen. When 
present in high amounts, nitric oxide can react 
with the superoxide anion (O2•

-) resulting in the 
highly reactive peroxynitrite (ONOO-) capable of 
oxidation of thiols or protein thiols or nitration of 
protein tyrosine residues. Other reactive nitrogen 
oxides such as nitrogen dioxide (•NO2) and dinitrogen 
trioxide (N2O3) can nitrosate thiols or protein cysteine 
residues40. 

	 The results from this study also support 
previous work indicating significantly decreased 
paraoxonase-1 (PON-1) activity in brain and liver 
after haloperidol treatment in rats10. The enzyme 
PON-1 which is synthesized by the liver is involved 
in the detoxification of some organophosphate 
insecticides and nerve agents41. Moreover, PON-1 
has been found to have an antioxidant and anti-
inflammatory roles36,42 and decreased activity was 

reported in such conditions as such as  dementia43, 
Alzheimer’s disease44, and autism45. Plasma 
serum arylesterase activity also fell in first episode 
schizophrenic patients46,47. Paraoxonase-1 is 
sensitive to oxidative stress48 and decreased activity 
might thus reflect inactivation by reactive oxygen 
metabolites. 

	 The present work show that the acute 
haloperidol treatment results in neuronal necrosis 
and apoptosis and eosinophilic areas in the 
cerebral cortex and striatum of mice. Increased 
number of apoptotic cells in the striatum has 
been reported following administration of a single 
dose of 4mg/kg haloperidol in rats. The higher 
dose of 12 mg/kg resulted in increased number of 
apoptotic cells in both the striatum and substantia 
nigra pars reticulata11. In vitro treating HT-22 cells 
with haloperidol resulted in increased number of 
apoptotic cells (TUNEL staining) and increased 
the expression of pro-apoptotic (Bax) protein in 
the hippocampus and caudate putamen of treated 
rats49. Neuronal atrophy and necrosis in the cerebral 
cortex and sunstantia nigra has also been reported 
following chronic haloperidol treatment at a dose 
of 2 mg/kg for 21 days12. Haloperidol thus causes 
neuronal damage which could be due to increased 
oxidative/nitrosative burden. The latter process can 
result in consequent impairment of mitochondrial 
respiration and brain energy depletion50,51. Our 
findings are important in view of the data implicating 
increased oxidative stress in schizophrenia13,14. In 
these patients there is increased malondialdehyde46 
and F2-isoprostane levels52 in plasma as well 
as increased urinary excretion of RNA and DNA 
oxidation products53. Studies have also shown 
significantly higher malondialdehyde levels in the 
plasma of schizophrenia patients treated with first 
generation antipsychotics like haloperidol compared 
to second generation agents54.   

	 There is ample evidence that suggests 
a role for pro-inflammatory cytokines in the 
pathogenesis of schizophrenia. Thus, first episode 
schizophrenia showed increased serum or plasma 
IL-1b55, IL-6, TNF-a18,19,47, IL-447 and IL-1856 in first 
episode schizophrenia patients compared with 
healthy controls. Schizophrenia patients with acute 
exacerbation of exhibited increased plasma IL-6 
levels compared with patients in remissions57. In 
addition, increased IL-6 mRNA in mononuclear cells 
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from peripheral blood has also been demonstrated 
in schizophrenics with worse positive symptoms20. In 
this study, the concentrations of IL-1b, IL-6 and TNF-a 
were measured in brain tissue of mice after treatment 
with haloperidol. We found significantly increased 
concentrations of the studied pro-inflammatory 
cytokines compared to the control group. We also 
demonstrated strong TNF-a immunoreactivity in the 
cerebral cortex and striatum of haloperidol treated 
mice compared to controls. Haloperidol might thus 
be able to exacerbate the inflammatory process 
in the schizophrenic brain and consequently the 
progression to neurodegeneration. 

	 In this study, the systemic administration 
of BM-MSCs caused remarkable regression of the 
neurotoxic and hepatotoxic effects of haloperidol as 
evidenced by the histologic evaluation of brain and 
liver tissue after BM-MSCs treatment. In both the 
brain and liver tissue of haloperidol-treated mice, 
lipid peroxidation, nitric oxide or reduced glutathione 
were not altered by BM-MSCs treatment. Brain PON-
1 activity, however, showed further decrease after 
stem cell therapy. Thus, the protective effect of BM-
MSCs was not due to an antioxidant action.  Stem 
cell therapy, however, exerted anti-inflammatory 
action causing significant decrease in the levels 
of the proinflammatory cytokines IL-1b, IL-6 and 
TNF-a in brain of haloperidol treated mice. Our 
results are therefore in favor for an anti-inflammatory 
action for stem cell suspension in decreasing 
haloperidol-induced neuronal and liver damage. 
In previous studies, i.p. MSCs of bone marrow or 
adipose tissue origin were shown to ameliorate 
neuronal damage in different brain regions and also 
hepatocyte degeneration and liver inflammation 

caused by lipopolysaccharide (LPS) endotoxin 
in mice. The oxidative stress response was not 
reduced but there were decreased expression of 
caspase-3, cyclooxygenase-2, TNF-a and inducible 
nitric oxide synthase in brain and liver tissue by 
MSCs treatment58,59. MSCs injected i.v. were able 
to ameliorate the behavioral changes and the loss 
in tyrosine hydroxylase positive neurons in the 
substantia nigra pars compacta in an experimental 
model of Parkinson’s disease via an anti-apoptotic 
action26. In experimental traumatic brain injury, i.v. 
MSCs reduced the release of cytokines into the brain 
tissue25. In a model of fulminant hepatic failure, i.v. 
MSCs reduced mortality, hepatocyte dealth and 
tissue leucocytic infiltration27. MSCs injected i.v. were 
also shown to modulate the inflammatory response 
in renal injury reducing the expression levels of 
IL-6, TNF-a mRNA and decreasing serum IL-1b, 
IL-1b, INF-g and INF-a60. It is thus becoming clear 
that MSCs exert their therapeutic effects via an anti-
apoptotic action and by modulating the inflammatory 
response. 

	 In summary, the present study demonstrate 
that BM-MSCs given i,p. can protect against brain 
injury and hepatocyte death caused by short 
term haloperidol treatment in high dose in mice. 
This therapeutic benefit of BM-MSC is likely to 
be mediated by interfering with the inflammatory 
response.
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