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Abbreviations 

5-HT  Serotonin   DBP  Dibutyl phthalate    LSS  Liquid scintillation spectrophotometer 
A(number) Aroclor(number)  DCHP  Dibutyl phthalate    MID  Midbrain 
Bmax  Total density receptors  DDD  Dichlorodiphenyldichloroethane  MO  Medulla oblongata 
BS  Brainstem   DDE  Dichlorodiphenyldichloroethylene  NACC  Nucleus accumbens 
CRBL  Cerebellum   DDT  Dichlorodiphenyltrichloroethane  NMR  Nuclear magnetic resonance 
CS  Corpus striatum   DEHP  Di(2-ethylhexyl) phthalate   Ortho-TCB 2,4,2´,4´-Tetrachlorobiphenyl 
CTX  Cortex     DS  Dorsal striatum     PCB  Polychlorinated biphenyl 
C-  Cerebral   dpf  Days post-fertilization    PND  Post-natal day  
CG-  Cingulate    DTG  Dentate gyrus     PtCB  3,4,5,3´,4´-Pentachlorobiphenyl 
F-  Frontal     ELISA  Enzyme-Linked Immuno Sorbent Assay RAR  Receptor autoradiography 
M-  Motor     FB  Forebrain     RT-PCR Real-time polymerase chain reaction 
O-  Occipital    HIP  Hippocampus     SERT  Serotonin transporter 
PA-  Parietal    HPLC  High Performance Liquid Chromatography SN  Substantia nigra 
PF-  Prefrontal    HTH  Hypothalamus     TCE  Trichloroethylene 
TEM-  Temporal   IHC  Immunohistochemistry    TH  Tyrosine Hydroxylase  
DA  Dopamine   KCI  Potassium chloride    TLCPH  Telencephalon 
DAT  Dopamine Transporter  Km  Affinity substrate enzyme   TOA  Time of analysis 
VM  Ventral mesencephalon  Vmax  Maximal initial velocity   WB  Western blot 

wpf  Weeks post-fertilization 
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Table S1. Literature overview organochlorines and neurotransmitters, classified by neurotransmitters. Data is presented in the following order: 
GABA, Glu 5-HT, DA. 

Source 

Method 

Outcome Experimental 

group 
N 

Exposure Analysis 

Compound Dose 
Time 

point/Length 
Location/technique Time 

GABA Swiss albino 

mice 

N = 10 per 

treatment group 

Mixture of PCB28, 

PCB52,PCB101, 

PCB138, PCB153 

and PCB180 

1, 10 or 100 ng/kg/day PND0-21 RT-PCR PND0-275 (several  

time points) 

GABA level, gene expression 

GABAAα1 receptor and  

5-HT1A receptor  

Elnar, A. A.  

et al. , 2012 [1] 

Result: No significant results 

Dickerson, S.M. 

et al., 2011 [2] 

Sprague-Dawley 

rats 

N = 10–12 per 

treatment group 

A1221 or mixture 

of PCB138, 

PCB153 and 

PCB180 

1 mg/kg GD16 and 

GD18 

Taqman low-density 

arrays 

PND1 Gene expression GABAB 

receptors 1 and 2, Glu receptors 

gria, gria2, gria3, grin2a, grin2b, 

grin2c, grin2d, vesicular Glu 

transporters Slc17a1, Slc17a6 

Result: Sign. downregulation of GABAB receptor 1 (GABBR1, p = 0.028), Glu receptors gria2 (p = 0.042) and grin2a (p = 0.033) and vesicular Glu transporter Slc17a1 (p = 0.006) in males after  

exposure to PCBs  

Sign. increase of GABAB receptor 2 (GABBR2) in males after exposure to PCBs (p < 0.001) 

Sign. increase of GABAB receptor 1 (GABBR1, p < 0.001) and Glu receptors grin2b (p < 0.001) in females after exposure to A1221 

Sign. increase of GABAB receptor 1 (GABBR1, p < 0.004) and Glu receptor grin2c (p = 0.03) in females after exposure to PCBs 

Boix, J. et al., 

2010 [3] 

Wistar rats N = 14–33 per 

treatment group 

PCB52, PCB138 or 

PCB180 

1 mg/kg/day GD7-PND21 In CRBL using 

microdialysis  

(in vivo) 

Males 3 months  

post-natal, females 4 

months post-natal  

GABA level, Glu level 

Result: Sign. increase of GABA level in males and females after exposure to PCB52 (p < 0.001) 

Sign. increase of Glu level in males after exposure to PCB52 (p < 0.001) 

Sign. decrease of Glu level in females after exposure to PCB52 (p < 0.001), PCB138 (p < 0.05) and PCB180 (p < 0.01) 

Martyniuk, C.J. 

et al., 2010 [4] 

Largemouth bass Not reported Dieldrin 10 mg/kg Single dose In HIP, TLCPH and 

CRBL using HPLC 

7 days after exposure GABA level, DA level 

Result: Sign. increase of GABA level in females in CRBL and HIP after exposure to dieldrin (p ≤ 0.05) 
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Table S1. Cont. 

Source 

Method 

Outcome Experimental 
group N 

Exposure Analysis 

Compound Dose Time 
point/Length Location/technique Time 

Male  

Sprague-Dawley 

rats 

N = 10 per 

treatment group 

Endosulfan 0.61 or 6.12 mg/kg day Gestation-

weaning 

(PND21) 

In PF-CTX  

using HPLC 

PND15, 30, 60 GABA level, Glu level, DA 

level, DA turnover, 5-HT level, 

5-HT turnover 

Cabaleiro, T.  

et al., 2008 [5] 

Result: Sign. increase at PND15 of Glu level (p ≤ 0.01) after exposure to 6.12 mg/kg/day of endosulfan  

Sign. decrease of DA turnover (DOPAC/DA) at PND15 after exposure to 0.61 mg/kg/day and 6.12 mg/kg/day of endosulfan (p ≤ 0.001 all) 

Sign. increase at PND30 of Glu level (p ≤ 0.05) and 5-HT level(p ≤ 0.001) after exposure to 0.61mg/kg/day of endosulfan 

Sign. increase at PND30 of GABA level (p ≤ 0.01), Glu level (p ≤ 0.01) and 5-HT level (p ≤ 0.01) after exposure to 6.12 mg/kg/day of endosulfan 

Sign. decrease at PND60 of GABA level (p ≤ 0.01) and DA turnover (DOPAC/DA, p ≤ 0.05) after exposure to 0.61 mg/kg/day of endosulfan  

Sign. decrease at PND60 of GABA level (p ≤ 0.01), DA turnover (DOPAC/DA, p ≤ 0.05) and 5-HT turnover (5-HIAA/5-HT, p ≤ 0.05) after exposure to 6.12 mg/kg/day of endosulfan  

Sign. increase of 5-HT level at PND60 after exposure 6.12 mg/(kg day) (p ≤ 0.05) 

Babot, Z. et al., 

2007 [6] 

Cerebellar 

granule cells of 

NRMI mice  

(7-days old) 

Not reported Dieldrin 3 μM 6–7 days HPLC-F, saturation 

binding studies 

Not reported GABA level, Glu level, binding 

NMDA receptor 

Result: Sign. decrease of Bmax of NMDA receptor after exposure to dieldrin (p < 0.05)  

Lafuente, A.  

et al., 2007 [7] 

Adult male 

Sprague-Dawley 

rats 

N = 10 per 

treatment 

group 

Methoxychlor  25 mg/kg/day 1 month In striatum using 

HPLC 

Immediate freezing of 

striatum after exposure, 

TOA not reported 

GABA level, Glu level, DA 

level, 5-HT level 

Result: Sign. increase of Glu level after exposure to Methoxychlor (p ≤ 0.05) 

Sign. increase of GABA level after exposure to Methoxychlor (p ≤ 0.001) 

GLUTAMATE Mature Eisenia 

fetida earth-

worms 

N = 20 per 

treatment 

group 

Endosulfan or 

Endosulfan sulfate 

0.1, 1.0 or 10.0 mg/kg/day 7 days In coelomic fluid and 

tissues using NMR 

techniques 

11 days after  

onset exposure 

Glu level 

Yuk, J. et al., 

2013 [8] 

Result: Sign. increase of Glu level in after exposure to 0.1, 1.0 or 10.0 mg/kg/day of endosulfan (p < 0.05 all) 

Sign. increase of Glu level in after exposure to 0.1 or 10.0 mg/kg/day of endosulfan sulfate (p < 0.05 all) 
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Source 

Method 

Outcome Experimental 

group 
N 

Exposure Analysis 

Compound Dose 
Time 

point/Length 
Location/technique Time 

Hilgier, W. et al., 

2012 [9] 

Adult male Wistar 

rats 

N = 4 A1254 10 mg/kg/day 14 days Basal and HIP 

microdialysis, HPLC 

Every 40 min in a period of 

40–240 min after exposure 

Glu level 

Result: Sign. decrease (63%) after 160 min of HIP Glu level after exposure to A1254 (p < 0.05) 

Strużyńska, L.  

et al, 2012 [10] 

Adult male  

Wistar rats  

N = 3–5 per  

treatment group 

A1254 10 mg/kg/day 14 days In CRBL and FB using 

WB,  

RT-PCR, saturation 

binding techniques 

Immediate freezing of 

striatum after exposure, 

TOA not reported 

(Gene) Expression Glu 

transporters EAAC1,  

GLT-1, GLAST, Glu uptake, 

Glu release 

Result: Sign. increase of synaptosomal Na+-dependent [3H] Glu uptake 4 and 6 minutes after addition of [3H]-Glu (p < 0.05) 

Sign. increase of synaptosomal KCI-dependent [3H] Glu uptake (p < 0.05) 

Sign. decrease of Na+-dependent [3H] Glu uptake in astroglial fractions of glial plasmalemmal vesicles 4, 6 and 8 minutes after addition of [3H]-Glu in the A1254 exposure group (p < 0.05) 

Sign. increase of Glu transporter EAAC1 mRNA expression in FB (p < 0.05) 

Sign. decrease of Glu transporter EAAC1 mRNA expression in CRBL (p < 0.05) 

Sign. decrease of Glu transporter GLT-1 mRNA expression in CRBL and FB (p < 0.05 all) 

Boix, J. et al., 

2011 [11] 

Wistar rats  N = 12–23 per 

treatment group 

PCB52, PCB138  

or PCB180 

1 mg/kg/day GD7-PND21 In NACC using 

microdialysis and HPLC 

4 months of age Glu level, DA level  

Result: Sign. decrease of extracellular Glu in male rats level after exposure to PCB52 (p < 0.01), PCB138 (p < 0.01) or PCB180 (p < 0.05) 

Sign. decrease of extracellular Glu level in female rats after exposure to PCB52 (p < 0.01), PCB138 (p < 0.05) or PCB180 (p < 0.05) 

Sign. increase of extracellular DA level in both male and female rats after exposure to PCB180 (p < 0.05) 

Stavenes, A. I.  

et al., 2009 [12] 

Male Wistar rats Not reported A1254 or PCB153 0.6–1.2 μL in 

510 μL 

solution 

15 min  

preincu-bation,  

3 min exposure 

In synaptosomes 

using LSS after 

filtration  

Immediately Glu uptake 

Result: Sign. inhibition of Glu uptake in a dose-dependent manner after exposure to A1254 and PCB153 (p < 0.0001 all) 

 

  



Int. J. Environ. Res. Public Health 2013, 10 5 
 

Table S1. Cont. 

Source 

Method 

Outcome Experimental 

group 
N 

Exposure Analysis 

Compound Dose 
Time 

point/Length 
Location/technique Time 

5-HT Sprague-Dawley rats N= 5–8 per 

treatment group 

PCB153 16 or 64 mg/kg/day GD10-16 In whole brain, FB, HB, 

F-CTX, O-CTX, HIP, 

MID, MO, striatum, 

CRBL, HTH using HPLC 

Age of  

1, 3, 6 or 9 weeks, or 

1 year, dams day of 

weaning 

5-HT level, 5-HT turnover, DA 

level, DA turnover 
Honma, T. et al., 

2009 [13] 

Result: Sign. increase of DA level in whole brain in rats after exposure to 16 mg/kg/day after 1 week (p < 0.05)  

Sign. increase of 5-HT level in whole brain in rats after exposure to 64 mg/kg/day after 1 week (p < 0.05) 

Sign. decrease of DA turnover in FB and HB and of 5-HT turnover in HB in rats after exposure to 64 mg/kg/day after 9 weeks (p < 0.05 all) 

Sign. decrease of DA level in O-CTX and HIP in dams after exposure to 16 mg/kg/day; and in O-CTX, HIP, MO after exposure to 64 mg/kg/day (p < 0.05 all) 

Lafuente, A.  

et al., 2008 [14] 

Adult male 

Sprague-Dawley 

rats  

N = 10 per 

treatment group 

Methoxychlor 25 mg/kg/day 1 month In HTH using HPLC Immediate freezing of brain 

after exposure, TOA not 

reported 

5-HT level, 5-HT turnover 

Result: Sign. increase of 5-HT level in the anterior HTH after exposure to Methoxychlor (p ≤ 0.05) 

Sign. decrease of 5-HT level in the anterior and posterior HTH after exposure to Methoxychlor (p ≤ 0.05 all) 

Castoldi, A.F., 

2006 [15] 

Sprague-Dawley 

rats  

N = 8–13 per 

treatment group 

(per gender) 

PCB153 20 mg/kg/day GD10-16 In C-CTX, CRBL HIP, 

striatum using HPLC 

PND21 5-HT level, DA level 

Result: Sign. decrease of DA level in striatum in both male and female rats (p < 0.05) 

Sign. decrease of 5-HT level in C-CTX in both male and female rats (p < 0.05) 

Khan, I.A. et al., 

2004 [16] 

Male Sprague-

Dawley rats 

N = 8–9 per 

treatment group 

A1254 0.33 mg/g body weight Single dose In BS and F-CTX 

using HPLC 

Freezing of brain 7 days after 

exposure, TOA not reported 

5-HT level 

Result: Sign. decrease of 5-HT concentration in F-CTX after exposure to A1254 (p < 0.05) 
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Source 

Method 

Outcome Experimental 
group 

N 
Exposure Analysis 

Compound Dose 
Time 

point/Length
Location/technique Time 

DA Male C57BL/6J 
mice 

N = 20 per 
treatment group 

A1254 6, 12 or 25 mg/kg/day 4 weeks In striatum using HPLC, 
IHC 

2 weeks after exposure DA level,  
DA transporter (DAT) level, DA 
turnover 

Lee, D.W. et al., 
2012 [17] 

Result: Sign. increase of DA level after exposure to 6 mg/kg/day (p < 0.001), 12 mg/kg/day (p < 0.001) and 25 mg/kg/day (p < 0.05) 
Sign. decrease of DAT level after exposure to 6 mg/kg/day (p < 0.05), 12 mg/kg/day (p < 0.01) and 25 mg/kg/day (p < 0.001) 

Coccini, T. et al., 
2011 [18] 

Sprague-Dawley 
rats  

N = 2–4 per 
treatment group 

PCB153 5 mg/kg/day GD7-PND21 In C-CTX and  
striatum using saturation 
binding techniques  

PND21 or 36 Density and affinity of DA 
receptors D1 and D2,  

 
Result: Sign. decrease at PND21 of D1 density in the striatum and C-CTX in male rats (p < 0.05 all) 
Sign. increase of D2 density in the cortex at PND21 in male rats and at PND36 in male and female rats (p < 0.05 all) 
Sign. decrease of D2 affinity in the cerebral cortex at PND21 in male rats and at PND36 in male and female rats (p < 0.05 all) 

Tian, Y.H. et al. 
(2011) [19] 

ICR mice N = 18–34 per 
treatment group 

A1254 6 or 18 mg/kg/day LD 7–21 
(exposure 
mothers) and 
PND22-42 

In striatum (D1 and D2, 
DAT) and F-CTX, CG-
CTX, MCTX, DS, HIP 
and DTG (NMDA)  
using RAR 

Immediate freezing of brain after 
exposure, TOA not reported 

Affinity of DA receptors D1 and D2, 

DA transporter (DAT), binding 
NMDA receptor 

Result: Sign. decrease of NMDA receptor binding in F-CTX (p < 0.05), C-CTX (p < 0.05), M-CTX (p < 0.01), DS, (p < 0.05), HIP (CA3, p < 0.01) and DT (p < 0.05) after exposure to  
18 mg/kg/day 

Dreiem, A. et al., 
2010 [20] 

Long-Evans rats N = 5–12 rats, per 
treatment group 

Mixture of 
A1242, A1248, 
A1254 and 
A1260 

10, 20 or 40 μM Single dose on 
PND7, 14 or 
21 

In medium 
(extraneuronal) and 
synaptosomes (striatal 
tissue) using HPLC 

Immediate freezing of brain after 
exposure, TOA not reported 

DA level  

Result: Sign. decrease of synaptosomal DA level at PND7 (p ≤ 0.01), PND14 (p ≤ 0.001) and PND21(p ≤ 0.05) after exposure to 20 μM; and at PND7 (p ≤ 0.001), PND14 (p ≤ 0.001) and PND21 
(p ≤ 0.001) after exposure to 40 μM 
Sign. interaction effect between exposure and age (p ≤ 0.01), with a decrease of synaptosomal DA level 
Sign. increase of extraneuronal (medium) DA level at PND7 (p ≤ 0.001), PND14 (p ≤ 0.01) and PND21(p ≤ 0.01) after exposure to 10 μM; at PND7 (p ≤ 0.001), PND14 (p ≤ 0.001) and PND21  
(p ≤ 0.001) after exposure to 20 μM; and at PND7 (p ≤ 0.001), PND14 (p ≤ 0.001) and PND21(p ≤ 0.001) after exposure to 40 μM 
Sign. increase of synaptosomal DA level on PND14 and PND21, compared to PND7 (p ≤ 0.001) 
Sign. decrease ofextraneuronal (medium) DA level on PND14 and PND21, compared to PND7 (p ≤ 0.001) 
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Source 

Method 

Outcome Experimental 

group 
N 

Exposure Analysis 

Compound Dose 
Time 

point/Length 
Location/technique Time 

Faro, L.R. et al., 

2009 [21] 

Adult female 

Sprague-Dawley 

rats (in vivo) 

N = 5–6 per 

treatment group 

DDT, lindane, 

dicofol 

1 mM 60 min In striatum (extracell.) 

using microdialysis  

and HPLC 

2 h after exposure DA release 

Sign. increase of DA level 80 min after initiation of exposure to DDT (p < 0.01) and lindane (p < 0.05) 

Schuh, R.A.  

et al., 2009 [22] 

Female CD-1 

mice 

Not reported Methoxychlor  16, 32 or 64 mg/kg/day 20 days In striatum using HPLC, 

WB 

Freezing of brain within  

24 h after exposure, TOA not reported 

DA level, 

DA transporter 

(DAT), DA 

turnover,  

5-HT level (5-

HT) 

Result: Sign. decrease of DA level after exposure to 64 mg/kg/day (p < 0.05)  

Sign. decrease of DAT level after exposure to 16, 32 and 64 mg/kg/day (p < 0.05) 

Sign. decrease of DA turnover after exposure to 16 mg/kg/day (p < 0.05) and 32 mg/kg/day (p < 0.05) 

Gash, D.M.  

et al., 2008 [23] 

Adult male 

Fischer 344 rats  

N = 17 per treatment 

group 

TCE 1,000 mg/kg/day 5 days a week for 

6 weeks 

In striatum, SN using 

HPLC–EC 

Not reported DA level  

Result: Sign. decrease of DA level in SN (p < 0.05) 

Hatcher, J.M.  

et al., 2008 [24] 

Male C57BL/6J 

mice 

N = 6 per treatment 

group  

(N = 12 controls) 

DDT, DDE, DDD Initial exposure of 

DDT 1 or 3 mg/kg/3 

days, DDE 1, 3 or  

6 mg/kg/3 days, 

second exposure of 

1, 10 or 100 μM of 

DDT, DDE, DDD  

or dieldrin 

Initial exposure: 

30 days (every  

3 days) 

Second exposure: 

single dose 

Cellular, vesicular and 

synaptosomal analysis 

using filtration, saturation 

binding techniques,  

HPLC, WB 

3 days after treatment DA level, DA 

uptake, DA 

release 

Result: Sign. decrease of DAT-mediated 3H-DA uptake after exposure to 1, 10, or 100 μM of DDD; 10 or 100 μM of DDT; 100 μM of DDE or 100 μM of dieldrin (p < 0.05 all) 

Sign. decrease of 3H-DA release from isolated vesicles after exposure to 100 μM of DDD (p < 0.05) 

Sign. decrease of synaptosomal 3H-DA release after exposure to 10 or 100 μM of DDD; 100 μM of DDT; 100 μM of DDE or 1 or 100 μM of dieldrin (p < 0.05 all) 
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Source 

Method 

Outcome Experimental 
group 

N 
Exposure Analysis 

Compound Dose 
Time 

point/Length 
Location/technique Time 

Hatcher, J.M.  
et al., 2007 [24] 

Male 
C57BL/6J 
mice 

N = 12 per 
treatment group 

Dieldrin 0.3 mg/kg, 1 mg/kg or 3 mg/kg Every 3 days 
for 30 days 

In striatum using 
HPLC, filtration, WB 

3 days after  
end exposure 

DA level, DA turnover, DAT level, DAT 
mRNA , DA uptake, DAT binding 

Result: Sign. decrease of DAT level after exposure to 3 mg/kg (26.9%, p < 0.05) of dieldrin 
Sign. decrease of DA turnover (DOPAC/DA) after exposure to 1 mg/kg (32.5%, p < 0.01) and 3 mg/kg (23.5%, p < 0.05) of dieldrin 
Sign. decrease of DAT binding sites after exposure to 1 mg/kg (12.4%, p < 0.01) and 3 mg/kg (14.7%, p < 0.01) of dieldrin 
Sign. decrease of DAT-mediated 3H-DA uptake after exposure to 3 mg/kg (21.2%, p < 0.05) of dieldrin 

Lyng G.D. et al., 
2007 [25] 

Co-cultures of 
Fetal Sprague-
Dawley rats 

Not reported PCB mixture of 
35% A1242, 
35% A1248, 
15% A1254, 
15% A1260 

2 μM or 8 μM 1, 3, 7, or  
14 days 

In co-cult. of VM, 
striatum (later 
separated) and 
extraneuronal 
(medium) using HPLC, 
TH IHC, fluoro jade B 
labeling, WB  

Immediately DA level, DA neurons (VM), DAT level 

Result: Sign. decrease of DA level in striatum and VM after exposure to 8 μM for 1 day, 3 days, 7 days or 14 days (p ≤ 0.05 all) 
Sign. decrease of DA level in striatum after exposure to 2 μM for 7 days(p ≤ 0.001); and in VM after exposure to 2 μM for 14 days (p ≤ 0.05) 
Sign. increase of extraneuronal (medium) DA level after exposure to 8 μM for 1 day (p ≤ 0.001) and 7 days (p ≤ 0.01) 
Sign. decrease of DA neurons after exposure to 2 μM for 14 days (p ≤ 0.01); and to 8 μM for 7 days (28%, p ≤ 0.01) and 14 days (48%, p ≤ 0.01) 
Sign. decrease of DAT protein level in striatum after exposure to 2 μM for 3 days (16% decrease, p ≤ 0.05), 7 days (39% decrease, p ≤ 0.01) and 14 days (35% decrease, p ≤ 0.05); and 8 μM for  
3 days (36% decrease, p ≤ 0.001), 7 days (57% decrease, p ≤ 0.001) and 14 days (62% decrease, p ≤ 0.01) 
Sign. decrease of DAT protein level in VM after exposure to 2 μM for 7 days (58% decrease, p ≤ 0.01) and 14 days (33% decrease, p ≤ 0.05); 
and to 8 μM for 7 days (77% decrease, p ≤ 0.05) and 14 days (64% decrease, p ≤ 0.01) 

Caudle, W. M.  
et al., 2006 [26] 

Adult 
C57BL/6J 
mice 

Not reported Mixture of 
A1254 and 
A1260 

7.5 or  
15 mg/kg/day 

3, 7, 14 or 30 
days 

In striatum and VM 
(DAT mRNA only) 
using saturation 
binding techniques, 
HPLC, WB , RT-
PCR 

24 h after exposure DA level,  
DA uptake, 
DAT binding 
DAT level, 
DAT mRNA , SERT binding 

Result: Sign. decrease of striatal DAT level after exposure to 7.5 mg/kg/day after 30 days (p < 0.01); and to 15 mg/day after 14 days (p < 0.01) and 30 days (p < 0.001) 
Sign. decrease of 3H-DA uptake and 3H-DA binding after exposure to 7.5 mg/kg/day after 14 days (p < 0.05 all) and 30 days (p < 0.001 all) 
Sign. decrease of 3H-DA uptake and 3H-DA binding after exposure to 15 mg/kg/day after 14 days (p < 0.001 all) and 30 days (p < 0.001 all) 
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Source 

Method 

Outcome Experimental 
group 

N 
Exposure Analysis 

Compound Dose 
Time 

point/Length 
Location/technique Time 

Richardson, J. R., 
2006 [27] 

C57BL/6J 
mice 

Not reported Dieldrin 0.3, 1 or 3 mg/kg/3 days Every 3 days 
for 2 weeks 

In striatum and VM 
(RNA only) using 
HPLC, WB, RT-
PCR 

PND22 DA level, DA turnover, DAT 
level, DAT mRNA , 5-HT  
(5-HT) transporter level, GABA 
transporter level 

Result: Sign. increase of DAT level in both males and females after exposure to 0.3 (p < 0.01), 1 (p < 0.001) and 3 mg/kg (p < 0.001) of dieldrin 
Sign. increase of DAT mRNA level in males after exposure to 1 mg/kg (p < 0.05) and 3 mg/kg (p < 0.01) of dieldrin 
Sign. increase of DA turnover (DOPAC/DA) in males after exposure to 0.3 (p < 0.001), 1 (p < 0.001) and 3 mg/kg (p < 0.001) of dieldrin 

Vettori, M.V.  
et al., 2006 [28] 

PC12 cell 
cultures 

Not reported PCB153 0,  
1e−5, 5e−5, 1e−4, 2e−4, 4e−4 M

Single dose HPLC  24 h after exposure DA level  

Result: Sign. decrease of intracellular DA levels after exposure to 2e-4 (p < 0.01) of PCB153 
Jelaso, A.M.  
et al., 2005 [29] 

Xenopus laevis 
tadpoles 

N = 12 per 
treatment group 

A1254 24, 50, 100, or 200 ppm Stage 44/ 
45–64/65 

RT-PCR Immediate freezing of embryo 
after exposure, TOA not 
reported 

Gene expression DA type 2 
receptor (D2R) 

Result: No significant results 
Seegal, R.F.  
et al., 2005 [30] 

Sprague-
Dawley rats  

N = 2 per 
treatment group 

PtCB, TCB or 
ortho-TCB 

PtCB 0.25 or 1 μg/kg/day, TCB 
0.1 or 1 mg/kg/day and  
ortho-TCB 1, 10 or 20 
mg/kg/day 

GD6 - PND21 In PF-CTX using 
HPLC 

Freezing of brain at PND35, 60 
or 90, TOA not reported 

DA level  

Result: Sign. increase of DA level after exposure to 0.1 mg/kg of TCB after 90 days (p ≤ 0.05); to 1 mg/kg of TCB after 35 days (p ≤ 0.05), 60 days (p ≤ 0.01) and 90 days (p ≤ 0.001); and to 1 μg/kg of PtCB 
after 35 days (p ≤ 0.01) and 90 days (p ≤ 0.001) 
Sign. decrease of DA level after exposure to 20 mg/kg of ortho-TCB after 35 days (p ≤ 0.001) and 60 days (p ≤ 0.01) 

Bemis, J.C. et al., 
2004 [31] 

Long-Evans 
rats 

N = 9–18 per 
treatment 
group 

PCB77,  
PCB91,  
PCB95,  
PCB103,  
PCB126,  
PCB153 or 
A1254 

2.5, 5, 10, 20, or 40 µM 30 min In striatal 
synaptosomes and 
extraneuronal 
(medium) using 
HPLC 

1–3 days after exposure DA level  

Result: Sign. decrease of synaptosomal DA level after exposure to 2.5 µM (p ≤ 0.05), 5 µM (p ≤ 0.001), 10 µM (p ≤ 0.001), 20 µM (p ≤ 0.001) and 40 µM (p ≤ 0.001) of PCB95; to 20 µM (p ≤ 0.05) and  
40 µM (p ≤ 0.01) of PCB153; to 10 µM (p ≤ 0.05), 20 µM (p ≤ 0.001) or 40 µM (p ≤ 0.001) of PCB91; or to 40 µM of PCB103 or A1254 (p ≤ 0.001 both) 
Sign. decrease of extraneuronal (medium) DA level after exposure to 20 µM (p ≤ 0.001) and 40 µM (p ≤ 0.01) of PCB95; to 20 µM (p ≤ 0.05) and 40 µM (p ≤ 0.001) of PCB91; to 20 µM (p ≤ 0.001) and  
40 µM (p ≤ 0.001) of PCB103; or to 5 µM (p ≤ 0.05), 10 µM (p ≤ 0.001), 20 µM (p ≤ 0.001) and 40 µM (p ≤ 0.001) of A1254 
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Source 

Method 

Outcome Experimental 

group 
N 

Exposure Analysis 

Compound Dose 
Time 

point/Length 
Location/technique Time 

Kang, J.H. et al., 

2004 [16] 

Catechola-

minergic cells 

Not reported A1254 10 μg/mL Single dose Intracellular analysis 

using HPLC 

3 h DA level 

Result: Sign. decrease of DA level after exposure to A1254(p < 0.001) 

Lee, D.W. et al., 

2004 [32] 

MN9D cells Not reported A1254 1, 5, 10, or 20 ppm 3, 12, 24 or  

48 h 

HPLC Not reported DA level, DA turnover 

Result: Sign. decrease of DA level after 24 h exposure to 1 ppm (p < 0.05), 5 ppm (p < 0.0001), 10 ppm (p < 0.0001) and 20 ppm (p < 0.0001) of A1254 

Sign. increase of DA turnover after 24 h exposure to 20 ppm (p < 0.05) of A1254 

Richardson, J.R. 

et al., 2004 [33] 

C57BL/6J 

mice 

Not reported A1016 or A1260 500 mg/kg Single dose In striatum using HPLC, 

WB 

Freezing of brain 1, 7 or 14 days 

after exposure, TOA not reported 

DA level, DAT level, DA 

turnover 

Result: Sign. decrease of DA level after exposure to A1016 after 1 day (p ≤ 0.05), 7 days (p ≤ 0.01) and 14 days (p ≤ 0.001); or to A1260 after 1 day (p ≤ 0.05), 7 days (p ≤ 0.001) and 14 days (p ≤ 0.001) 

Sign. decrease of DAT level after exposure to A1260 after 1 day (p ≤ 0.005) and 7 days (p ≤ 0.0001); or to A1016 after 1 day (p ≤ 0.005), 7 days (p ≤ 0.0001) and 14 days (p ≤ 0.01) 

Sign. increase of DA turnover after exposure to A1016 after 7 days (p ≤ 0.05) and 14 days (p ≤ 0.05); or to A1260 after 7 days and 14 days (p ≤ 0.05 both) 
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Table S2. Literature overview organophosphates and neurotransmitters, classified by neurotransmitters. Data is presented in the following 
order: GABA, Glu, 5-HT, DA. 

Source 

Method 

Outcome 
Population 

N 

Exposure Analysis 

Experimental 

group 
Compound Dose Period Location/ technique Time 

GABA Adult male 

Lister Hooded 

rats 

Not reported Chlorpyrifos  250 mg/kg Single dose In striatum and HIP 

using HPLC 

15 months after exposure GABA level, Glu level  

Montes de Oca, L. 

et al., 2013 [34] 

Result: Sign. decrease of GABA level after exposure to chlorpyrifos (p ≤ 0.05) 

Sign. decrease of Glu level after exposure to chlorpyrifos (p ≤ 0.05) 

Noriega-Ortega, 

B.R. et al., 2011 

[35] 

Male BALB/c 

mice 

N = 20 per 

treatment 

group 

Methamido-phos 2.6 mg/kg Every 3 days In C-CTX,  

striatum and HIP 

using filtration  

3, 6 and 9 months, using 

fractions of 10 min 

GABA release, DA release  

Result: Sign. increase of GABA release in C-CTX after 9 months (fraction 7; p < 0.001 and fraction 8; p < 0.001) of exposure to methamidophos 

Sign. decrease of GABA release in C-CTX after 3 months (fraction 7; p < 0.001 and fraction 8; p < 0.05) and 6 months (fraction 5; p < 0.001, fraction 6; p < 0.001, fraction 7; p < 0.001 and  

fraction 8; p < 0.001) of exposure to methamidophos 

Sign. decrease of GABA release in HIP after 3 months (fraction 7; p < 0.001 and fraction 7; p < 0.001) and 6 months (fraction 7; p < 0.001 and fraction 8; p < 0.05) of exposure to methamidophos 

Pourabdol-hossein, 

F. et al., 2009 [36] 

Male Wistar 

rats 

Not reported Paraoxon 0, 0.01, 0.1, 1, 10 or 100 µM 10 min In hippocampal 

synaptosomes using 

LSS after filtration 

Immediately GABA uptake 

Result: Sign. decrease of GABA uptake after exposure to 0.1 µM (p < 0.05) and 1 µM (p < 0.05) of paraoxon 

Mohammadi, M. et 

al., 2008 [37] 

Adult male 

Wistar rats 

N = 5–7 per 

treatment 

group 

Paraoxon 0.1, 0.3 or 0.7 mg/kg Single dose In hippocampal and 

C-CTX synaptosomes 

using LSS after 

filtration 

30 min, 4 or 8 h  

after exposure 

GABA uptake 

Result: Sign. decrease of GABA uptake after exposure to 0.1, 0.3 and 0.7 mg/kg of paraoxon (p < 0.001 all) 

Shahroukhi, A. et 

al., 2007 [38] 

Adult male 

Wistar rats 

N = 73 (total) Paraoxon 0, 0.01, 0.1, 1, 10 or 100 µM 20 min In cerebellar 

synaptosomes using 

LSS after filtration 

Immediately GABA uptake 

Result: Sign. decrease of GABA uptake after exposure to 1, 10 or 100 µM of paraoxon (p < 0.05 all) 
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Source 

Method 

Outcome 
Population 

N 

Exposure Analysis 

Experimental 

group 
Compound Dose Period Location/ technique Time 

Ghasemi, A. et al., 

2007 [39] 

Male Wistar 

rats 

Not reported Paraoxon 10−9–10−3 M 20 min In C-CTX 

synaptosomes using 

LSS after filtration 

Immediately GABA uptake, Km and  

Vmax (kinetic) 

Result: Sign. increase of GABA uptake after exposure to 10−8, 10−7, 10−6 of paraoxon (p < 0.01 for all) 

Sign. decrease of GABA uptake after exposure to 10−3 of paraoxon (p < 0.05) 

Sign. overall decrease of Vmax after exposure to paraoxon (p < 0.001) 

GLUTAMATE Cortical cell 

cult. Swiss 

Webster mice 

N = 8–16  Chlorpyrifos or 

Diazinon 

CPF: 100 µM, 

DZN: 30 µM 

6 h In pure and mixed 

neuronal/ glial 

cultures using HPLC 

Not reported Glu level 

Rush, T. et al., 

2010 [40] 

Result: Sign. increase of extracellular Glu level in mixed neuronal and glial cultures, pure neuronal and pure glial cultures after exposure to chlorpyrifos (p < 0.05) 

5-HT Embryo sea 

urchins (H. 

pulcherrimus) 

N = 3–12 per 

treatment 

group 

Monocrotophos  0.01, 0.10 or 1.00 mg/L 12–48 h In embryo/larvae 

using RT-PCR and 

ELISA 

 

Immediate freezing of worms 

at 12-hpf, 15-hpf, 18-hpf,  

24-hpf, 30-hpf, 36-hpf, or  

48-hpf, TOA not reported 

5-HT level, 5-HT reuptake 

transporter level (mRNA ) Xu, L. et al., 2012 

[41] 

Result: Sign. increase of SERT mRNA expression at the 24-hpf stage after exposure to 0.01 mg/L of monocrotophos (p < 0.05); and at the 30-hpf and 36-hpf stage after exposure to 0.01, 0.10 and 

1.00 mg/L of monocrotophos (p < 0.05 all) 

Sign. decrease of SERT mRNA expression at the 36-hpf stage and the 48-hpf stage after exposure to 1.00 mg/L of monocrotophos (p < 0.05 all) 

Sign. decrease of 5-HT level at the 18-hpf stage after exposure to 0.01 mg/L of monocrotophos (p < 0.05); and at the 48-hpf stage after exposure to 0.10 (p < 0.05) or 1.00 mg/L of monocrotophos (p < 

0.05) 

Sign. increase of 5-HT level at the 30-hpf stage after exposure to 1.00 mg/L of monocrotophos (p < 0.05); and at the 36-hpf stage after exposure to 0.01 (p < 0.05) or 0.10 mg/L of monocrotophos (p < 

0.01) 

Eddins, D. et al., 

2010 [42] 

Zebrafish N = 30–50 per 

treatment 

group 

Chlorpyrifos 0.29 µM 2 hpf–5 dpf HPLC 6 dpf, 22 wpf 5-HT level, 5-HT turnover,  

DA level, DA turnover 

Result: Sign. decrease of DA level and 5-HT level in 6 day old zebrafish larvae after exposure to chlorpyrifos (p < 0.01 all) 

Sign. increase of DA turnover in 6 day old zebrafish larvae after exposure to chlorpyrifos (p < 0.025) 

Sign. decrease of DA level in adult zebrafish after exposure to chlorpyrifos (p < 0.025) 
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Method 

Outcome 
Population 

N 

Exposure Analysis 

Experimental 

group 
Compound Dose Period Location/ technique Time 

Moreno, M., 2008 

[43] 

Male Wistar 

rats 

N = 5–12 per 

treatment 

group 

Chlorpyrifos 250 mg/kg Single dose In striatum and 

NACC using HPLC 

2, 7, 15 or 30 days after 

exposure 

5-HT level, 5-HT turnover, 

DA level, DA turnover 

Result: Sign. increase of DA turnover (DOPAC/DA ratio) in the striatum 2 days after exposure to chlorpyrifos (p < 0.05) 

Sign. decrease of 5-HT turnover (5-HIAA/5-HT ratio) in the striatum 7 and 15 days after exposure to chlorpyrifos (p < 0.05 all) 

Sign. decrease of DA level and 5-HT level in the NACC 30 days after exposure to chlorpyrifos (p < 0.05 all) 

Slotkin, T.A.,  

et al., 2008 [44] 

Sprague-

Dawley rats 

N = 6 per 

treatment 

group 

Diazinon 0.5 or 2 mg/kg/day PND1-4 In F/PA-CTX, 

TEM/OC-CTX, BS 

using saturation 

binding techniques  

Freezing of brain at PND30, 60 

or 100, TOA not reported 

Binding 5-HT receptors 5HT1A 

and 5HT2, 5-HT (5HT) 

transporter 

Result: Sign. decrease of 5HT1A receptors in male rats exposed to 0.5 mg/kg of diazinon (p < 0.05) 

Sign. increase of 5HT1A transporters in female rats exposed to 0.5 mg/kg of diazinon (p < 0.05) 

Slotkin, T.A. et al., 

2007 [45] 

Sprague-

Dawley rats 

N = 8–12 per 

treatment 

group 

Chlorpyrifos  1 or 5 mg/kg/day GD9–12 or 

GD17–20 

In striatum, HIP,  

C-CTX, MID and BS 

using HPLC 

Freezing of brain at PND30, 

TOA not reported 

5-HT level, 5-HT turnover, 

DA level, DA turnover 

Result: Significant main treatment effect (increasing) on 5-HT level in the striatum after exposure from GD17-20 to chlorpyrifos (p < 0.03) 

Slotkin, T.A. et al., 

2007 [46] 

Sprague-

Dawley rats 

N = 12 per 

treatment 

group 

Chlorpyrifos 5 mg/kg/day PND11–14 In C-CTX, HIP, MID 

and BS using HPLC 

PND21, 30 or 45, TOA not 

reported 

5-HT level, 5-HT turnover 

Result: Sign. decrease at PND21 of 5-HT level in BS after exposure to chlorpyrifos (p < 0.05) 

Sign. increase at PND21 of 5-HT turnover in BS after exposure to chlorpyrifos (p < 0.05) 
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Outcome 
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N 

Exposure Analysis 

Experimental 

group 
Compound Dose Period Location/ technique Time 

Aldridge, J.E.  

et al., 2005 [47] 

Sprague-

Dawley rats 

N = 12 per 

treatment 

group 

Chlorpyrifos GD17–20: 1 or 5 mg/kg/day,  

PND1–4:  

1 mg/kg/day,  

PND11–14: 5 mg/kg/day 

GD17–20, 

PND1–4, 

PND11–14  

In striatum, C-CTX, 

HIP, MID and BS 

using HPLC 

Freezing of brain at PND60, 

TOA not reported 

5-HT level, 5-HT turnover,  

DA level (only at GD17–20), 

DA turnover 

Result: Sign. effect on 5-HT level after exposure to 5 mg/kg of chlorpyrifos during GD17-20 (p < 0.03) 

Sign. effect on 5-HT turnover (p < 0.007) after exposure to 1 mg/kg (p < 0.05) and 5 mg/kg chlorpyrifos (p < 0.002) during GD17–20  

Sign. decrease of hippocampal DA level after exposure to 1 mg/kg (p < 0.04) and 5 mg/kg of chlorpyrifos during GD17–20 (p < 0.04) 

Sign. increase of DA turnover in the cerebral cortex, stratum and midbrain after exposure to 5 mg/kg of chlorpyrifos during GD17–20 (p < 0.02) 

Sign. overall decrease of 5-HT level in females after exposure to 1 mg/kg chlorpyrifos during PND1–4 (p < 0.03) 

DA PC12 cell cult. 

adult female 

Sprague-

Dawley rats 

Not reported Chlorpyrifos  100 µM 12 h Intracellular and 

extraneuronal 

(medium)  

using HPLC 

Not reported DA level 

Lee, J.E. et al., 

2012 [17] 

Result: Sign. decrease of intracellular DA level after exposure to chlorpyrifos (p < 0.01) 

Sign. decrease of extraneuronal (medium) DA level after exposure to chlorpyrifos (p < 0.01) 

Binukumar, B.K. 

et al., 2011 [48] 

Male Wistar 

rats 

N = 10 per 

treatment 

group 

Dichlorvos 2.50 mg/kg/day 12 weeks In SN and CS using 

HPLC 

Not reported DA level 

Result: Sign. decrease of DA level in SN and CS after exposure to dichlorvos (p < 0.001) 

Chen, X.P. et al., 

2011 [49] 

 ICR mice N = 6 per 

treatment 

group 

Chlorpyrifos 5 mg/kg−1/day GD7.5–11.5 or 

GD13–17 

In C-CTX and HIP 

using fluorescence 

techniques 

Freezing of C-CTX at GD17, 

PND14, and PND60, freezing 

of HIP at PND14 and PND60, 

TOA not reported 

DA level 

Result: Sign. decrease of DA level in C-CTX at GD17 (p < 0.01) and PND14 (p < 0.05) after exposure to chlorpyrifos during GD7.5–11.5; and at PND14 (p < 0.01) and PND60 (p < 0.01) after exposure 

to chlorpyrifos during GD13–17 

Sign. decrease of DA level in the HIP at PND14 (p < 0.01) and PND60 (p < 0.01) after exposure to chlorpyrifos during GD7.5-11.5 
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Population 

N 

Exposure Analysis 

Experimental 
group 

Compound Dose Period Location/ technique Time 

Sledge, D. et al., 
2011 [50] 

Zebrafish 
embryos 

N = 18–34 per 
group 

Chlorpyrifos 100 ng/mL dpf 1, 1–2, 1–3, 
1–4 or 1–5 

In whole brain using 
HPLC 

Not reported DA level, 5-HT level 

Result: Sign. decreasing linear duration effect of exposure to chlorpyrifos on DA level (p < 0.025) 
Sign. decrease of DA level after exposure to chorpyrifos during dpf 1–5 (p < 0.05) 

Binukumar, B.K. 
et al., 2010 [51] 

Male Wistar 
rats 

N = 6 per 
treatment 
group 

Dichlorvos 2.5 mg/kg/day 12 weeks In SN and CS using 
HPLC 

Not reported DA level 

Result: Sign. decrease of DA level in SN and CS after exposure to dichlorvos (p < 0.001) 

Eells, J.B. et al., 
2009 [52] 

Sprague-
Dawley rats 

Not reported Chlorpyrifos, 
Methyl parathion

CPF: 1.5 mg PND1–7,  
3 mg/kg/day PND8–14, 
6 mg/kg/day PND15–21, MPT: 
0.3 mg/kg/day  
PND1–7, 0.6 mg/kg/day 
PND8–14, 0.9 mg/kg/day 
PND15–21 

PND1–21 In striatum using HPLC 
and RT-PCR 
 

Freezing of brain at PND22 
or PND50, TOA not reported 

DA level, DA turnover, gene 
expression DAT 

Result: Sign. increase at PND50 of DA (DOPAC/DA) turnover after exposure to chlorpyrifos (p < 0.05) 

Damodaran, T.V. 
et al., 2006 [53] 

Adult male 
Sprague-
Dawley rats 

Not reported Sarin 50 or 100 µg/kg Single dose In whole brain using 
several techniques, 
including microarray and 
RT-PCR 

Freezing of brain 15 min 
(50 µg/kg) or 3 months 
(100 µg/kg) after exposure, 
TOA not reported 

Gene expression all genes 
(no selection) 

Result: Sign. upregulation of GABAB receptor 1d (Gabbr-1), GABAA receptor alpha-1 subunit (Gabra1), DRd4, 5-HT receptor (Htr6) and 5-HT neurotransmitter transporter (Slc6a4) after 50 µg/kg of 
exposure to sarin (p < 0.05 all) 
Sign. upregulation of GABAB receptor 1d (Gabbr-1), GABAA receptor alpha-3 subunit (Gabra3), GABAA receptor beta-3 subunit (Gabrb3) and Glu receptor (Gria1) after 100 µg/kg of exposure to sarin  
(p < 0.05 all) 

Padilla, S. et al., 
2005 [54] 

Male  
Long-Evans 
rats 

N = 5–8 per 
treatment 
group 

Chlorpyrifos 0, 1, or 5 mg/kg/day, additional 
spike doses of 60 mg/kg  
(2 months) and 45 mg/kg (4, 6, 
8, 10, 12 months) 

6 or 12 months In striatum using 
incubation and filtration 

Freezing of brain at 6, 12 or 
15 months, TOA not reported

DA level, DAT density 

Result: Significant increase of DAT density 24 hours after exposure to a spike after 6 months of exposure to 0 mg/kg/day (p < 0.05), 1 mg/kg/day (p < 0.05) or 5 mg/kg/day (p < 0.05) of chlorpyrifos 
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Table S3. Literature overview phthalates and neurotransmitters, classified by neurotransmitters. Data is presented in the following order: 
GABA, Glu, 5-HT, DA. 

Source 

Method 

Outcome 
Population 

N 

Exposure Analysis 

Experimental 

group 
Compound Dose Length Location/ Technique Time 

GABA Wistar rats N = 8–10 DEHP 3 or 30 mg/kg/day GD1-weaning In HIP using HPLC Freezing at PND30, TOA 

not reported 

GABA level 

Carbone, S. et al., 2012 

[55] Result: Sign. increase of GABA level in peripubertal male rats after exposure to 30 mg/kg of DEHP (p < 0.01) 

Carbone, S. et al., 2010 

[56] 

Wistar male rats N = 10 DEHP 3 or 30 mg/kg/day GD1-weaning In HIP using HPLC Freezing at PND15, TOA 

not reported 

GABA level, Glu level 

Result: Sign. decrease of GABA level in prepubertal male rats after exposure to 30 mg/kg of DEHP (p < 0.01) 

Sign. increase of GABA level in prepubertal female rats after exposure to 30 mg/kg of DEHP (p < 0.01) 

GLUTAMATE 5-HT 

DA 

Male Wistar rats  Not reported DCHP 29 μg Single dose 

(PND5)  

In striatum and MID 

using macroarray 

Freezing at 4 and 8 

weeks of age, TOA not 

reported 

Gene expression of: GABA 

transporters/receptors, Glu 

transporters/ receptors, DA 

transporters/receptors, 5-HT 

transporters/ receptors 

Ishido, M. et al., 2004 

[57] 

Result: Upregulation of ionotropic Glu receptor epsilon 2 (ratio 1.60); metabotropic Glu receptor 1 (ratio 3.50); metabotropic Glu receptor 4 (ratio 1.86); metabotropic Glu receptor 7 (ratio 1.80); Glu 

transporter (ratio 4.50); GABA-A receptor alpha 1 (ratio 2.50); GABA-A receptor alpha 2 (ratio 4.75); GABA-A receptor beta 3 (ratio 2.25); GABA transporter 1 (ratio 2.30) in the striatum after 

exposure to DHCP, at 4 weeks 

Upregulation of GABA-A receptor gamma 2 (ratio 1.60); GABA-B receptor 1a + 1b (ratio 1.80); GABA transporter 2 (ratio 1.70) in MID after exposure to DHCP, at 4 weeks 

Upregulation of 5-HT receptor 4 (ratio 1.75); ionotropic Glu receptor 1 (ratio 4.60), ionotropic Glu receptor 3 (ratio 2.00); GABA-A receptor delta (ratio 1.62) in the striatum after exposure to DHCP, 

at 8 weeks 

Upregulation of ionotropic Glu receptor 5 (ratio 2.00); metabotropic Glu receptor 4 (ratio 2.00); metabotropic Glu receptor 7 (ratio 2.30); GABA-A receptor alpha 1 (ratio 1.60) in the midbrain after 

exposure to DHCP, at 8 weeks 

Upregulation of 5-HT receptor 1F (ratio 1.50); Glu transporters (ratio 1.30-1.70) in the midbrain after exposure to DCHP, at 4 weeks and 8 weeks 

Downregulation of DA receptor D4 (ratio 0.22); metabotropic Glu receptor 5 (ratio 0.20) in the striatum after exposure to DHCP, at 4 weeks 

Downregulation of DA transporter (ratio 0.50); ionotropic Glu receptor 1 (ratio 0.50); ionotropic Glu receptor epsilon 3 (ratio 0.40); GABA-A receptor gamma 1 (ratio 0.50); GABA transporter 1 

(ratio 0.40) in MID after exposure to DHCP, at 4 weeks 

Downregulation of GABA transporter 2 (ratio 0.46) in the midbrain after exposure to DHCP, at 8 weeks 
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Outcome 
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N 

Exposure Analysis 

Experimental 

group 
Compound Dose Length Location/ Technique Time 

Masuo, Y. et al.,  

2004 [58] 

Male Wistar rats Not reported DEHP 87 nmol/10 µL Single dose 

(PND5)  

In striatum and MID 

using macroarray 

Freezing at 8 weeks of 

age, TOA not reported 

Gene expression of: DA receptor drd1a, drd2, drd4, DA 

transporter DAT1, Glu receptor grin1, Glu transporter 

glast 

Result: Downregulation of drd1a (ratio 0.48) and grin1 (ratio 0.41) in MID after exposure to DEHP  

Upregulation of glast in MID after exposure to DEHP (ratio 2.30) 

Downregulation of grin1 in the striatum after exposure to DEHP (ratio 0.10) 

Masuo, Y. et al.,  

2004 [59] 

Male Wistar rats  Not reported DEHP, DBP 87 nmol/10 µL Single dose 

(PND5)  

In striatum and MID 

using macroarray 

Freezing at 8 weeks of 

age, TOA not reported 

Gene expression of: GABA transporter gat3, Glu 

receptor grin1, Glu transporter glast, DA receptor 1 

dat1 and DA transporter drd4 

Result: Downregulation of grin1 (ratio 0.10), gat3 (ratio 0.38), drd4 (ratio 0.20) in the striatum after exposure to DEHP (ratio 0.50) or DBP 

Upregulation of grin1 (ratio 1.58) and drd4 (ratio 1.83) in MID after exposure to DEHP  

Upregulation of glast in the midbrain after exposure to DEHP (ratio 2.10) and DBP (ratio 2.30) 

* Only significant results are reported. In case no significant results were found at all, the phrase “No significant results were found” was added to the result section.
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