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Abstract 
Aims: To examine the effects of the neurotoxins rotenone, paraquat and manganese on human circulating lymphocytes. 
Methods: Lymphocytes were isolated by density-gradient centrifugation from peripheral venous blood. Cell viability, 
proliferation, interferon (IFN)-γ and interleukin (IL)-4 production, proteasome 20S and caspase 3 and 9 activity were measured 
in cells at rest and after stimulation with anti-CD3/anti-CD28 antibodies. 
Results: Rotenone and manganese concentration-dependently reduced anti-CD3/anti-CD28-induced cell proliferation and IFN-γ 
production. Manganese also inhibited IL-4 production while paraquat had no major effect on proliferation or on IFN-γ or IL-4 
production. Proteasome 20S activity was reduced by paraquat and manganese but not by rotenone, while caspase 9 activity was 
extensively inhibited by rotenone and manganese and only slightly affected by paraquat, and caspase 3 activity was not affected 
by any of the neurotoxins tested. 
Conclusions: Rotenone is widely used in animal models of neurodegeneration and its immune effects should be therefore further 
assessed in vivo. In addition, circulating lymphocytes warrant further evaluation as early markers of manganese exposure. 
Key Words: human lymphocytes, rotenone, paraquat, manganese. 
 

INTRODUCTION 
The etiology of the vast majority of cases of 
neurodegenerative diseases involves not only 
genetic but also environmental factors [1-4]. Many 
environmental agents may indeed cause or 
contribute to neurodegeneration and there is strong 
need for extensive characterization of their toxic 
potential [5-7]. The best known example of toxin 
leading to neurodegeneration is 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP); 
following systemic administration, MPTP is 
converted to the active metabolite MPP+, which 
selectively targets central dopaminergic neurons, 
causing substantial cell death in the nigrostriatal 
system. The resemblance of MPTP and MPP+ to 
the widely used herbicide paraquat has prompted 
the hypothesis –supported by experimental and 
epidemiological data - that pesticide exposure may 
contribute to neurodegeneration [8-10]. Among 
pesticides associated with neurodegeneration, 
rotenone has attracted extensive attention [10]. 
Systemic administration to rats has been shown to 
induce nigrostriatal degeneration [11]. This first 
observation has subsequently led to the extensive 
use of this toxin (as well as of paraquat) to 
reproduce neurodegenerative lesions in animals 
[9,12-14]. At variance with pesticides, manganese 
is a well known environmental neurotoxin that 
damages the striatum and pallidum, without 
affecting the substantia nigra pars compacta or  

 
other areas (reviewed in 15). Manganism is, 
therefore, considered a separate entity, with a 
distinct pattern of neuropathologic features [15-
16]. 
The central nervous system is considered the main 
target of neurotoxins, however looking for 
biomarkers of neurodegeneration research 
increasingly focussed on peripheral blood cells. In 
patients with neurodegenerative disease, these 
cells express many of the biomolecular changes 
affecting neurons, such as: oxidative stress [17-
18], reduced proteasomal activity [19], pro-
apoptotic and phosphorylative changes [20], as 
well as alterations of dopamine-dependent signal 
transduction, involving cAMP and Ca++ [21]. 
Exposure of human lymphocytes to toxic levels of 
neurotoxins has been regarded as a convenient 
strategy to obtain interesting clues towards the 
understanding of cell death in neurodegenerative 
disease [22-26]. So far however few studies aimed 
at the systematic characterization of the immune 
effects of neurotoxins, which would also 
contribute to the assessment of circulating cells as 
biomarkers of environmental exposure to 
neurotoxitc agents. The present study was 
therefore undertaken to examine the effects of 
non-toxic concentrations of the neurotoxins 
rotenone, paraquat and manganese on human 
lymphocytes. 
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MATERIALS AND METHODS 
Substances - Manganese chloride tetrahydrate, 
paraquat dichloride (1,1′-dimethyl-4,4′-
bipyridinium dichloride) and rotenone were from 
Sigma-Aldrich (St. Louis, MO, USA). 
Isolation of peripheral blood mononuclear cells 
(PBMCs) - Whole blood was allowed to sediment 
on dextran at 37°C for 30 min. Supernatant was 
recovered and PBMCs were separated by density-
gradient centrifugation using Ficoll-Paque Plus 
(Pharmacia Biotech, Uppssala, Sweden). Cells 
were then washed two times in NaCl 0.15 M and 
finally resuspended in appropriate media for 
subsequent experiments. Aliquots were 
centrifuged and dry pellets containing 2 x 106 
PBMCs were stored at -80°C for evaluation of 
proteasome and caspase activites (see below). 
Typical PBMCs preparations contained about 80% 
lymphocytes and 16% monocytes, as assessed by 
flow cytometry. Cell viability, assessed by the 
trypan blue exclusion test, was always >99%. 
Cytotoxicity assay - Cytotoxicity of test substances 
was assessed by means of the 3-(4, 5-dimethyl-2-
thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide 
(MTT) reduction method [27]. 
PBMCs proliferation assay - PBMCs were re-
suspended at the final concentration of 1x106 
cells/ml in RPMI 1640 medium supplemented with 
10% heat-inactivated fetal bovine serum, 2 mM 
glutamine, and 100 U/ml penicillin/streptomycin 
(all from Sigma-Aldrich, Milan, Italy), at 37°C in 
a moist atmosphere of 5% CO2. Cells were 
cultured alone or in the presence 0.5 µg/ml mouse 
anti-human CD3/anti-human CD28 monoclonal 
antibodies (Becton Dickinson Biosciences, San 
Diego, CA, USA) and proliferation was measured 
after 2 days of culture by using a colorimetric 
immunoassay for the quantification of cell 
proliferation, based on the ELISA measurement of 
BrdU incorporated during DNA synthesis 
(Amersham, Buckinghamshire, UK). The optical 
density of the samples was determined by means 
of a spectrophotometer (Model 680, Bio-Rad 
Laboratories, Hercules, CA, USA) with 
wavelength set at 450 nm, and finally expressed as 
the difference between BrdU-positive and negative 
samples, in arbitrary units (AU). 
Measurement of interferon (IFN)-γ and interleukin 
(IL)-4 - IFN-γ and IL-4 concentrations in culture 
supernatants were determined by using 
commercial ELISA assays (Amersham). 
Measurement of proteasome 20S and caspase 3 
and 9 activity - The day of the assay, pellets were 
re-suspended in ice-cold PBS and homogenized by 
ultrasounds (Vibra Cell, Sonics & Materials, Inc., 
USA). Homogenates were centrifuged at 15.000 g 
for 10 min at room temperature, and resulting 

supernatants were used for the biochemical 
determinations. The chymotrypsin-like proteolytic 
activity of purified 20S proteasome was evaluated 
with the BIOMOL AK-740 QuantiZyme Assay 
System (Plymouth, PA, USA), which detects the 
release of free 7-amino-4-methylcoumarin (AMC) 
fluorophore, upon Suc-LLVY-AMC fluorogenic 
peptide substrate cleavage. We also used 
fluorometric assays for the determination of the 
activity of caspase-3 (Molecular Probes, Inc., 
USA) and caspase-9 (Oncogene, San Diego, CA, 
USA). For caspase-3, which has a substrate 
specificity for the amino acid sequence Asp-Glu-
Val-Asp (DEVD), the assay was based on the 
proteolytic cleavage of AMC-derived substrate Z-
DEVD AMC, which yields a fluorescent product; 
for caspase-9 activity, we used a method based on 
the specificity of the enzyme for cleavage after 
aspartate residues in a particular peptide sequence 
(LEHD). The LEHD substrate is labelled with 
fluorescent 7-amino-4-trifluoromethyl coumarin 
(AFC) and reaction is monitored by a blue to green 
shift in fluorescence upon cleavage of the AFC 
fluorophore. Positive controls were used for all 
determinations, as expressly foreseen by the assay 
procedures; standard samples treated with a 
proteasome inhibitor (lactacystin) or pro-apoptotic 
agents (camptothecin or actinomycin D) were 
always added to batches when proteasome 20S or 
caspases 3 and 9 activities were measured. All 
readings were performed using a fluorometric 
microplate reader (Spectramax Gemini XS, 
Molecular Devices, USA). 
Statystical analysis - Data are presented as 
means±SD. Statistical significance of the 
differences between groups was assessed by two-
tailed Student’s t test for paired or unpaired data, 
as appropriate. Calculations were performed using 
a commercial software (GraphPad Prism version 
4.00 forWindows; GraphPad Software, San Diego, 
CA). 
 

RESULTS 
Cytotoxicity - In preliminary experiments, 
rotenone significantly reduced the viability of 
resting PBMCs when added at the concentration of 
100 μM (62.9±6.6% vs 100.0±6.2%, n = 5; P<0.05 
vs control), while paraquat and manganese both 
affected cell viability only when added at the 
concentration of 1000 μM (86.7±12.2% and 
72.0±11.1%, respectively, n = 5; P<0.05 vs 
control). Lower concentrations (rotenone: 0.1-10 
μM; paraquat: 0.1-10 μM; manganese: 10-100 
μM) did not significantly affect cell viability (data 
not shown) and were therefore employed in 
subsequent experiments. 
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Cell proliferation - Treatment of PBMCs with 
anti-CD3/anti-CD28 monoclonal antibodies 
induced a strong proliferative response (resting 
cells: 0.006±0.004 AU, n = 5; stimulated cells: 
1.221±0.184 AU, n = 5; P<0.01 vs resting). 
In the presence of either rotenone (0.1-10 μM) or 
manganese (10-100 μM) anti-CD3/anti-CD28-
induced proliferation of PBMCs was 
concentration-dependently reduced, down to less 
than 25% of control values, while in the presence 
of paraquat (0.1-10 μM) only a slight reduction of 
proliferation values was observed, without a clear 
concentration-response relationship, down to 71-
85% of control values (Figure 1). 

 
Figure 1. Effect of rotenone, paraquat and manganese on anti-
CD3/anti-CD28-induced proliferation of human PBMCs. 
Each point is the mean±SEM values of 5 separate 
experiments. * = P<0.05 and ** = P<0.01 vs control (C). 
 
Production of IFN-γ and IL-4 - In resting PBMCs, 
spontaneous production of IFN-γ and IL-4 were 
respectively 4.33±2.24 pg/ml (n = 4) and 
0.15±0.08 pg/ml (n = 4). Stimulation with anti-
CD3/anti-CD28 monoclonal antibodies 
significantly increased the levels of both IFN-γ (up 
to 2575.14±56.61 pg/ml, n = 4; P<0.01 vs resting 
cells) and IL-4 (up to 3.88±0.97 pg/ml, n = 4; 
P<0.05 vs resting cells). The ratio IFN-γ/IL-4 after 
stimulation was therefore 883,8±524,9 (n = 4). 
Incubation with rotenone (1-10 μM) reduced IFN-
γ in a concentration-dependent fashion, while it 
had no effect on IL-4 (Figure 2). As a 
consequence, the ratio IFN-γ/IL-4 was 
significantly reduced down to 28.4±5.4% of 
control values (n = 4) with rotenone 1 μM and to 
16.4±5.5% of control values (n = 4) with rotenone 
10 μM (P<0.05 vs control values in both cases). 
Manganese (10-100 μM) reduced the production 
of both IFN-γ and IL-4 (Figure 2), without 
significantly affecting the IFN-γ/IL-4 ratio (data 
not shown). 

Paraquat had no significant effect on either IFN-γ 
and IL-4 production (Figure 2) or on the IFN-γ/IL-
4 ratio (data not shown). 

 
Figure 2. Effect of rotenone, paraquat and manganese on anti-
CD3/anti-CD28-induced production of IFN-γ and IL-4 in 
human PBMCs. Each point is the mean±SEM values of 5 
separate experiments. * = P<0.05 and ** = P<0.01 vs  
control (C) 
 

Activity of proteasome 20S and of caspase 3 and 9 
- The activity of proteasome 20S and of caspase 3 
and 9 was detected in all PBMCs preparations. 
Stimulation with anti-CD3/anti-CD28 monoclonal 
antibodies significantly increased activity of 
caspases 3 and 9, but had no effect on proteasome 
20S (Table 1). 
Proteasome 20S activity was not significantly 
affected by rotenone either in resting or in 
stimulated PBMCs, and was reduced only at the 
highest concentration (100 μM) of paraquat (in 
resting cells only) and manganese (in stimulated 
cells only) (Table 1). 
Caspase 3 activity was not significantly modified 
by rotenone, paraquat or manganese in either 
resting or stimulated cells (Table 1). On the 
contrary, caspase 9 activity was extensively 
inhibited in stimulated PBMCs by rotenone and 
manganese, the latter affecting also resting cells. 
Paraquat did not affect caspase 9 activity in 
stimulated cells and slightly reduced its activity in 
resting cells, however only at the concentration of 
10 μM (Table 1). 
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Table 1. Effect of rotenone, paraquat and manganese on the activity of proteasome 20S, caspase 3 and caspase 9 in 
human PBMCs. Data are expressed as pmol of Z-DEVD-R110/106 cells (mean±SEM values of 4 separate assays). # 
= P<0.01 vs resting cells; * = P<0.05 and ** = P<0.01 vs respective control. 

Cells 
Proteasome 20S Caspase 3 Caspase 9 

resting anti-CD3/anti-
CD28 resting anti-CD3/anti-

CD28 resting anti-CD3/anti-
CD28 

control 2.90±0.82 2.90±0.43 632.0±128.7 1127.9±157.7# 1085.0±228.0 5348.8±1308.6# 
rotenone       
10-7 M 2.79±0.84 3.40±0.60 605.0±65.4 1004.3±171.3 857.9±13.8 5498.7±635.4 
10-6 M 1.75±0.50 2.31±0.04 745.4±3.4 1092.8±82.8 1126.2±46.1 3120.8±80.4* 
10-5 M 1.61±1.12 2.52±0.80 768.8±69.9 1003.5±67.9 1019.3±56.6 2769.1±380.8** 

paraquat       
10-5 M 2.90±0.81 1.55±0.93 490.8±3.8 1229.2±4.8 671.1±42.9** 6294,5±1123.0 
10-4 M 2.90±0.81 1.06±0.55* 653.4±46.4 1197.5±20.0 833.9±15.5 4639,1±1369.6 

manganese       
10-5 M 2.30±0.15 3.43±1.28 550.0±3.9 1226.3±1.4 730.9±34.0* 4321.2±631.1 
10-4 M 1.32±0.49* 1.35±0.28 467.9±2.8 649.3±75.6 678.7±81.3** 925.4±99.1** 

 
 

DISCUSSION 
The present study aimed at the investigation of the 
effects non-toxic concentrations of the neurotoxins 
rotenone, paraquat and manganese on human 
lymphocytes. Results show that: 
a) rotenone concentration-dependently exerts a 
profound inhibition of anti-CD3/anti-CD28-
stimulated proliferation and IFN-γ production, 
without however affecting IL-4 production; in 
addition, rotenone concentration-dependently 
reduces caspase 9 activity, without affecting 
proteasome 20S or caspase 3 activity; 
b) paraquat has negligible effects on all the 
examined parameters, with the only exception of 
proteasome 20S activity, which is significantly 
reduced in anti-CD3/anti-CD28-stimulated cells; 
c) manganese concentration-dependently reduces 
anti-CD3/anti-CD28-stimulated proliferation as 
well as IFN-γ and IL-4 production (to about the 
same extent for both cytokines), and inhibits 
proteasome 20S and caspase 9 activities. 
Results from our cytotoxicity assays showed that 
significant cell death in human PBMCs was 
induced by rotenone at 100 μM or higher, and by 
paraquat and manganese at 10 μM or higher. 
These data are in agreement with published 
studies, showing that 100-250 μM but not 1-10 
μM rotenone induced moderate mitochondrial 
depolarization [26]. Similarly, paraquat has been 
reported to induce apoptosis in human 
lymphocytes only at 100-1000 μM [25]. Effect of 
manganese remains controversial as 250 μM 
manganese induced only 2-6% apoptotic cells 
[23], while lower concentrations (20-25 μM) were 
cytotoxic to human lymphocytes and induced 
clastogenicity as well as DNA damage [28]. In our 
subsequent experiments we chose to use non-
cytotoxic concentration ranges (1-10 μM for 

rotenone, and up to 100 μM for paraquat and 
manganese) of the various neurotoxins. The effects 
reported can, therefore, be considered as mainly 
pharmacologic. This view is further supported by 
the lack of effect of all three agents on caspase 3 
activity and the inhibitory potential of paraquat 
and manganese on caspase 9 activity.  
Very few information exists regarding the 
immunomodulating effects of rotenone, paraquat 
and manganese. In particular, rotenone acts as an 
effective mitochondrial complex I inhibitor also in 
human lymphocytes [26], however only at 
concentrations at least ten times higher than those 
required for inhibition of lymphocyte proliferation 
and cytokine production in our experiments., 
Rotenone has been also reported to be genotoxic in 
human lymphocytes, at 2.5-5 μM [29], a 
concentration range which fits well with that used 
in our study. It cannot be excluded, therefore, that 
the inhibitory effect we observed may be due to 
DNA damage. Nonetheless, the effect on cytokine 
production was specific for IFN-γ, rotenone being 
ineffective on IL-4, a finding hardly explained just 
on the basis of generalized DNA damage. We are 
not aware of any studies investigating the immune 
profile of people exposed to rotenone, therefore 
the clinical relevance of our results can be only a 
matter of speculation. Indeed, inhibition of 
lymphocyte proliferation and of IFN-γ production 
may suggest a potential anti-inflammatory profile. 
Interestingly, anti-inflammatory potential of some 
plant rotenoids has been reported [30]. The shift of 
IFN-γ/IL-4 ratio towards IL-4 also deserves some 
considerations. The IFN-γ/IL-4 ratio is a reliable 
index of Th1/Th2 balance [31,32]. Th1-polarized 
immune response play a role in the defense against 
intracellular pathogens, but are also involved in 
autoimmune diseases and in chronic inflammation. 
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On the other side, Th2-polarized responses usually 
occur during intestinal nematodes infections, 
however they are also involved in atopic disorders 
and in autoimmune diseases (reviewed in 33-35). 
On this basis we would predict that exposure to 
rotenone could be associated with atopy and/or 
with exacerbations of Th2-dependent autoimmune 
disease such as systemic lupus erythematosus, a 
hypothesis which should be tested in appropriate 
studies. 
As for manganese, our results might be in apparent 
agreement with previous evidence in human 
tonsillar B cells, in which exposure to manganese 
reduced stimulated proliferation [36]. In that study, 
however, inhibition was paralleled by increased 
apoptosis and both effects were obtained in the 50-
100 μM concentration range. In our experiments, 
significant inhibition of lymphocyte proliferation 
and cytokine production was already evident at 10 
μM and no evidence of apoptotic processes were 
obtained up to 100 μM. At high concentrations 
(usually equal or more than 100 μM) manganese 
promotes neuroinflammation both in vitro [37] and 
in animal models [38]. The cellular and molecular 
mechanisms involved in the inhibitory effects of 
manganese on human lymphocytes need therefore 
clarification in further experiments. In regard to 
the possible clinical relevance of the present 
results, it is of interest that a recent study in 
welders chronically exposed to manganese 
revealed an inverse correlation between blood 
manganese concentrations and the total number of 
lymphocytes as well as of several lymphocyte 
subsets. In particular, the number of CD3+ and 
CD8+ (T lymphocytes) and of CD19+ (B 
lymphocytes) cells were significantly lower in 
subjects with high blood manganese 
concentrations [39]. Another study reporting 
behavioral toxicology in welders with similarly 
high blood manganese concentrations failed 
however to identify significant changes in the 
various lymphocyte subsets [40]. No functional 
test or cytokine measurements were however 
performed in either studies. 
Paraquat showed little effects on the parameters 
evaluated in this study; only proteasome 20S 
activity was profoundly reduced in anti-CD3/anti-
CD28-stimulated lymphocytes following treatment 
with 10 μM paraquat. This finding is in agreement 
with the reported ability of paraquat to inhibit 
proteasome 20S in cultured neuronal SH-SY5Y 
cells [41], and animal models of parkinsonian 
neurodegeneration [42,43]. In SH-SY5Y cells, 
however, paraquat also increased the activities of 
caspase 3 and 9 [41], while in the present study, in 
lymphocytes caspase 3 activity was not affected 
and caspase 9 activity was not affected or just 

slightly reduced. In a recent study the 
immunotoxicity of paraquat has been 
systematically assessed after subacute (21 days) 
exposure in mice [44]. In that study paraquat was 
immunosuppressive in the 0.1-1 mg/kg dose range, 
while it had no adverse effects on the immune 
system at 0.01 mg/kg. Paraquat concentrations in 
mice were not assessed, however the 
immunosuppression observed in mice may be in 
agreement with the slight inhibition of lymphocyte 
proliferation observed in our experiments. On the 
other side, the differences observed in the effects 
of paraquat between lymphocytes and SH-SY5Y 
cells call for caution when using non-neuronal 
cells to assess the cellular effects of some 
neurotoxins. 
 

CONCLUSIONS 
In human cultured lymphocytes rotenone exhibited 
an inhibitory (possibly anti-inflammatory) profile 
inducing a shift towards IL-4 (Th2)-skewed 
response. Neurodegenerative disease are 
increasingly regarded as neuroinflammatory 
disease in which Th1 immunity is likely 
detrimental, while Th2 responses might be even 
protective. Results may thus have implications for 
rotenone-based animal models of 
neurodegeneration, in which attention should be 
devoted also to immunity and its possible 
relationship with neurodegeneration. Manganese 
as well exerted an inhibitory effect on human 
lymphocytes and, also in view of circumstantial 
evidence in exposed workers [39,40], the 
relevance of lymphocytes as early markers of 
exposure should be further assessed. Finally, 
paraquat had only slight effects on lymphocytes. It 
is uncertain whether immunity might play a role in 
paraquat-induced neurodegeneration. In any case 
caution should be exerted when using non-
neuronal cells as a model to assess the effects of 
some neurotoxins on neurons. 
 

ACKNOWLEDGEMENTS 
The study was supported by a grant to EM from 
IRCCS Neurological Institute “C. Mondino”, 
Pavia - RF 2004 ex art. 56, Legge 289/2002, 
Project title: "In vitro evaluation of environmental 
toxins possibly involved in the pathogenesis of 
Parkinson's disease". The authors express their 
gratefulness to Prof. Giovanni Chelazzi, Dr. 
Davide Rossi and Dr. Simona Cattaneo 
(Immunohematology and Transfusional Service, 
Ospedale di Circolo, Varese, Italy) who 
collaborated in providing human blood. The 
helpful assistance of Dr. Elena Carcano and of Dr. 
Anna Loraschi in performing some of the assays is 
gratefully acknowledged. 

Marco Cosentino et al /J. Pharm. Sci. & Res. Vol.4(2), 2012, 1697-1702

1701



 

REFERENCES 
[1] Lees, A.J., Hardy, J., Revesz, T., Lancet 2009, 373, 

2055-2066. 
[2] Querfurth, H.W., LaFerla, F.M., N. Engl. J. Med. 2010, 

362, 329-344. 
[3] Obeso, J.A., Rodriguez-Oroz, M.C., Goetz, C.G., Marin, 

C., Kordower, J.H., Rodriguez, M., Hirsch, E.C., Farrer, 
M., Schapira, A.H., Halliday, G., Nat. Med. 2010, 16, 
653-661. 

[4] Ballard, C., Gauthier, S., Corbett, A., Brayne, C., 
Aarsland, D., Jones, E., Lancet 2011, 377, 1019-1031. 

[5] Tanner C.M., Adv. Neurol. 2003, 91, 133–142. 
[6] Dick, F.D., De Palma, G., Ahmadi, A., Scott, N.W., 

Prescott, G.J., Bennett, J., Semple, S., Dick, S., Counsell, 
C., Mozzoni, P., Haites, N., Bezzina Wettinger, S., Mutti, 
A., Otelea, M., Seaton, A., Söderkvist, P., Felice, A., 
Occup. Environ. Med. 2007, 64, 666–672. 

[7] Zurich, M.G., Monnet-Tschudi, F., Brain Res. Bull. 
2009, 80, 211-216. 

[8] Brown, T.P., Rumsby, P.C., Capleton, A.C., Rushton, L., 
Levy, L.S., Environ. Health Perspect. 2006, 114, 156-
164. 

[9] Ross C.A., Smith W.W., Parkinsonism Relat. Disord. 
2007, 13(Suppl 3), S309-S315. 

[10] Hatcher, J.M., Pennell, K.D., Miller, G.W., Trends 
Pharmacol. Sci. 2008, 29, 322-329. 

[11] Betarbet, R., Sherer, T.B., MacKenzie, G., Garcia-
Osuna, M., Panov, A.V., Greenamyre, J.T., Nat. 
Neurosci. 2000, 3, 1301-1306. 

[12] Di Monte, D.A., Lancet Neurol. 2003, 2, 531-538. 
[13] Schmidt, W.J., Alam, M., J. Neural Transm. Suppl. 

2006, 70, 273-276. 
[14] Cicchetti, F., Drouin-Ouellet, J., Gross, R.E., Trends 

Pharmacol. Sci. 2009, 30, 475-483. 
[15] Perl, D.P., Olanow, C.W., J. Neuropathol. Exp. Neurol. 

2007, 66, 675-682. 
[16] Cersosimo, M.G., Koller, W.C., Neurotoxicology 2006, 

27, 340-346. 
[17] Migliore, L., Petrozzi, L., Lucetti, C., Gambaccini, G., 

Bernardini, S., Scarpato, R., Trippi, F., Barale, R., 
Frenzilli, G., Rodilla, V., Bonuccelli, U., Neurology 
2002, 58, 1809-1815. 

[18] Prigione, A., Begni, B., Galbussera, A., Beretta, S., 
Brighina, L., Garofalo, R., Andreoni, S., Piolti, R., 
Ferrarese, C., Neurobiol. Dis. 2006, 23, 36-43. 

[19] Blandini, F., Sinforiani, E., Pacchetti, C., Samuele, A., 
Bazzini, E., Zangaglia, R., Nappi, G., Martignoni, E., 
Neurology 2006, 66, 529-534. 

[20] Blandini, F., Cosentino, M., Mangiagalli., A, Marino, F., 
Samuele, A., Rasini, E., Fancellu, R., Tassorelli, C., 
Pacchetti, C., Martignoni, E., Riboldazzi, G., 
Calandrella, D., Lecchini, S., Frigo, G., Nappi, G., J. 
Neural Transm. 2004, 111, 1017-1030. 

[21] Blandini, F., Bazzini, E., Marino, F., Saporiti, F., 
Armentero, M.T., Pacchetti, C., Zangaglia, R., 

Martignoni, E., Lecchini, S., Nappi, G., Cosentino, M., 
Clin. Neuropharmacol. 2009, 32, 133-139. 

[22] Del Rio, M.J., Vélez-Pardo, C., Biochem. Pharmacol. 
2002, 63, 677-688. 

[23] Del Río, M.J., Vélez-Pardo, C., Arch. Med. Res. 2004, 
35, 185-193. 

[24] de Wit, L.E., Spruijt, L., Schoonderwoerd, G.C., de Coo, 
I.F., Smeets, H.J., Scholte, H.R., Sluiter, W., J. Immunol. 
Methods 2007, 326, 76-82. 

[25] Del Rio, M.J., Vélez-Pardo, C., Growth Factors 2008, 
26, 49-60. 

[26] Avila-Gomez, I.C., Vélez-Pardo, C., Jimenez-Del-Rio, 
M., Basic Clin. Pharmacol. Toxicol. 2010, 106, 53-61. 

[27] Mosmann, T., J. Immunol. Methods 1983, 65, 55-63. 
[28] Lima, P.D., Vasconcellos, M.C., Bahia, M.O., 

Montenegro, R.C., Pessoa, C.O., Costa-Lotufo, L.V., 
Moraes, M.O., Burbano, R.R., Toxicol. In Vitro 2008, 22, 
1032-1037. 

[29] de Lima, P.D., Yamada, E.S., da Costa, E.T., Pessoa 
Cdo, O., Rabenhorst, S.H., Bahia Mde, O., Cardoso, 
P.C., Santos, R.A., Smith Mde, A., Burbano, R.R., 
Genet. Mol. Res. 2005, 4, 822-831. 

[30] Pereira da Silva, B., Paz Parente, J., Phytother. Res. 
2002, 16(Suppl. 1), S87-S88. 

[31] Romagnani, S., Immunol. Today 1997, 8, 263-266. 
[32] Del Prete, G., Int. Rev. Immunol. 1998, 16, 427-455. 
[33] D'Elios, M., Del Prete, G., Transplant. Proc. 1998, 30, 

2373-2377. 
[34] Moss, R.B., Moll, T., El-Kalay, M., Kohne, C., Soo Hoo, 

W., Encinas, J., Carlo, D.J., Expert Opinion Biol. Ther. 
2004, 4, 1887-1896. 

[35] Crane, I.J., Forrester, J.V., Critical Crit. Reviews Rev. 
Immunol. 2005, 25, 75-102. 

[36] Schrantz, N., Blanchard, D.A., Mitenne, F., Auffredou, 
M.T., Vazquez, A., Leca, G., Cell Death Differ. 1999, 6, 
445-453. 

[37] Park, E.J., Park, K., Toxicol. In Vitro 2010, 24, 472-479. 
[38] Zhang, P., Lokuta, K.M., Turner, D.E., Liu, B., J. 

Neurochem. 2010, 112, 434-443. 
[39] Nakata, A., Araki, S., Park, S.H., Park, J.T., Kim, D.S., 

Park, H.C., Yokoyama, K., Ind. Health 2006, 44, 592-
597. 

[40] Yuan, H., He, S., He, M., Niu, Q., Wang, L., Wang, S.A., 
Life Sci. 2006, 78, 1324-1328. 

[41] Yang, W., Tiffany-Castiglioni, E., J. Toxicol. Environ. 
Health A 2007, 70, 1849-1857. 

[42] Yang, W., Chen, L., Ding, Y., Zhuang, X., Kang, U.J., 
Hum. Mol. Genet. 2007, 16, 2900-2910. 

[43] Prasad, K., Winnik, B., Thiruchelvam, M.J., Buckley, B., 
Mirochnitchenko, O., Richfield, E.K., Environ. Health 
Perspect. 2007, 115, 1448-1453. 

[44] Riahi, B., Rafatpanah, H., Mahmoudi, M., Memar, B., 
Brook, A., Tabasi, N., Karimi, G., Food Chem. Toxicol. 
2010, 48, 1627-1631. 

 
 

Marco Cosentino et al /J. Pharm. Sci. & Res. Vol.4(2), 2012, 1697-1702

1702




