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Abstract: Growth hormone (GH)-releasing hormone (GHRH) has been suggested to play a crucial 
role in brain functions. We aimed to further investigate the effects of a novel GHRH antagonist of 
the Miami (MIA) series, MIA-602, on emotional disorders and explore the relationships between 
endocrine system and mood disorders. In this context, the effects induced by MIA-602 were also 
analyzed in comparison to vehicle-treated mice with GH deficiency due to generalized ablation of 
the GHRH gene [GHRH knock out (GHRHKO)]. We show that chronic subcutaneous 
administration of MIA-602 to wild type (+/+) mice, as well as generalized ablation of the GHRH 
gene, are associated with anxiolytic and antidepressant behavior. Moreover, immunohistochemical 
and western blot analyses suggested an evident activation of Nrf2, HO1, and NQO1 in prefrontal 
cortex of both +/+ mice treated with MIA-602 (+/+ MIA-602) and homozygous GHRHKO (-/- control) 
animals. Finally, we also found significantly decreased COX-2, iNOS, NFkB, and TNF-α gene 
expressions, as well as increased P-AKT and AKT levels in +/+ MIA-602 and -/- control animals 
compared to +/+ mice treated with vehicle (+/+ control). We hypothesize the generalized ablation of 
the GHRH gene leads to a dysregulation of neural pathways, which is mimicked by GHRH 
antagonist treatment.  
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Materials and Methods 

Haematoxylin-eosin staining/light microscopy analysis and immunohistochemistry 

Mouse prefrontal cortex and hippocampus were fixed in 10% phosphate-buffered 
formalin for 2.5 hours. Each tissue block was dehydrated in a series of alcohol solutions 
of 50%, 70%, 96% and 99% and then in Bioclear. Samples were then paraffin-embedded 
and cut into 7 μm-thick sections. Sections were de-waxed (Bioclear and alcohol in 
progressively lower concentrations), rehydrated and processed for haematoxylin-eosin 
and for anti-Nrf2 immunohistochemical analysis according to manufacturer’s protocol 
[1]. In the carotid body, galanin is a signal for neurogenesis in young, and for 
neurodegeneration in the old and in drug-addicted subjects). Primary antibody anti-
Nfr2 (rabbit polyclonal, sc-722, Santa Cruz Biotechnology, CA, USA) was applied for 2 
hours at room temperature and diluted 1:200 in PBS (1x). The immunohistochemical 
reactions were revealed with Rabbit specific HRP/DAB detection IHC kit (ab236469). 
Peroxidase reaction was developed using diaminobenzidine (DAB) chromogen and 
nuclei were counterstained with haematoxylin. Lastly, sections were dehydrated, 
cleared with Bioclear and mounted in Eukitt mounting medium (Bio Optica, Milano, 
Italy). Negative control was performed by omitting the primary antibody. Samples were 
then observed by means of LEICA DM 4000 B light microscopy (Leica Cambridge Ltd., 
Cambridge, UK) equipped with a Leica DFC 320 camera (Leica Cambridge Ltd.) for 
computerized images. 
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Supplementary Figure S1. Haematoxylin-eosin staining and immunohistochemical 
analysis of Nrf2 in mice prefrontal cortex. Morphological features and detection of 
nuclear factor erythroid 2-related factor 2 (Nrf2) in prefrontal cortex have been analyzed 
by hematoxylin-eosin (H&E) staining and immunohistochemistry, respectively. H&E 
stained sections of (a) +/+ MIA-602, (b) -/- vehicle-treated (-/- control), and (c) +/+ vehicle-
treated (+/+ control) showed the normal histological structure of the prefrontal cortex. 
Immunohistochemical examination revealed positive immunostaining for Nrf2 
expression in (d) +/+ MIA-602 and (e) -/- control + compared to (f) +/+ control +.  

 

 
 
 
 
 
 
 
 
 

 

 

 

Western blot analysis 

Cortex tissue was collected from mice treated or not with MIA-602. Cerebral samples 
were homogenized by Ultra-Turrax homogenizer (IKA-Werke, Staufen, Germany) in 
RIPA buffer supplemented with 1mM PMSF (Phenylmethanesulfonyl Fluoride) and 
protease and phosphatase inhibitors cocktails (Sigma, St. Louis, MO, USA). Lysed 
samples were sonicated and centrifuged at 15,000 rpm (4 °C for 20 min). Protein 
concentrations were quantified by the BCA Protein Assay (Thermo Scientific, Rockford, 
IL, USA) and 40 μg of protein lysates were subjected to electrophoresis followed by 
immunoblotting [2]. The nitrocellulose membranes were blocked in 5% nonfat dry milk 
and incubated overnight at 4 °C with the appropriate primary antibodies. Anti-TrkB and 
anti-HO-1 rabbit monoclonal antibodies were purchased from Cell Signaling 
Technology, Inc. (Beverly, MA, USA). Goat polyclonal anti-NQO1, anti-P-AKT,  anti-
AKT, anti-PI3K  antibody were obtained from Abcam (Cambridge, England). The 
membranes were then incubated with either anti-rabbit or anti-mouse HRP-conjugated 
secondary antibodies (Cell Signaling Technology, Beverly, MA, USA). The blots were 
revealed with the Westar ηC Ultra 2.0 chemiluminescence substrate (Cyanagen, 
Bologna, Italy). GAPDH was used as loading control (Santa Cruz Biotechnology, Dallas, 
TX, USA).  

Supplementary Figure S2. Effects of MIA-602 on expression of heme oxygenase-1 
(HO1) in prefrontal cortex. Mice were treated daily for 4 weeks by subcutaneous 
administration of the GHRH antagonist MIA-602 (5 μg) or vehicle solution. Cortex was 
collected from mice treated or not with MIA-602. Cerebral samples were homogenized 
by Ultra-Turrax homogenizer (IKA-Werke, Staufen, Germany) in RIPA buffer 
supplemented with 1mM PMSF (Phenylmethanesulfonyl Fluoride) and protease and 
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phosphatase inhibitors cocktails (Sigma, St. Louis, MO, USA). Lysed samples were soni-
cated and centrifuged at 15,000 rpm (4 °C for 20 min). Protein concentrations were quan-
tified by the BCA Protein Assay (Thermo Scientific, Rockford, IL, USA) and 40 μg of pro-
tein lysates were subjected to electrophoresis followed by immunoblotting. The nitrocel-
lulose membranes were blocked in 5% nonfat dry milk and incubated overnight at 4 °C 
with the appropriate primary antibodies. Anti-HO-1 rabbit monoclonal antibodies was 
purchased from Cell Signaling Technology, Inc. (Beverly, MA, USA). The membranes 
were then incubated with either anti-rabbit or anti-mouse HRP-conjugated secondary 
antibodies (Cell Signaling Technology, Beverly, MA, USA). The blots were revealed with 
the Westar ηC Ultra 2.0 chemiluminescence substrate (Cyanagen, Bologna, Italy). 
GAPDH was used as loading control (Santa Cruz Biotechnology, Dallas, TX, USA). 

 

Supplementary Figure S3. Effects of MIA-602 on expression of NAD(P)H quinone 
oxidoreductase 1 (NQO1) in prefrontal cortex. Mice were treated daily for 4 weeks by 
subcutaneous administration of the GHRH antagonist MIA-602 (5 μg) or vehicle solu-
tion. Cortex and hippocampus tissues were collected from mice treated or not with MIA-
602. Prefrontal cortex was homogenized by Ultra-Turrax homogenizer (IKA-Werke, 
Staufen, Germany) in RIPA buffer supplemented with 1mM PMSF (Phenylmethanesul-
fonyl Fluoride) and protease and phosphatase inhibitors cocktails (Sigma, St. Louis, MO, 
USA). Lysed samples were sonicated and centrifuged at 15,000 rpm (4 °C for 20 min). 
Protein concentrations were quantified by the BCA Protein Assay (Thermo Scientific, 
Rockford, IL, USA) and 40 μg of protein lysates were subjected to electrophoresis fol-
lowed by immunoblotting. The nitrocellulose membranes were blocked in 5% nonfat dry 
milk and incubated overnight at 4 °C with the appropriate primary antibodies. Goat pol-
yclonal anti-NQO1 antibody was obtained from Abcam (Cambridge, England). The 
membranes were then incubated with either anti-rabbit or anti-mouse HRP-conjugated 
secondary antibodies (Cell Signaling Technology, Beverly, MA, USA). The blots were 
revealed with the Westar ηC Ultra 2.0 chemiluminescence substrate (Cyanagen, Bolo-
gna, Italy). GAPDH was used as loading control (Santa Cruz Biotechnology, Dallas, TX, 
USA). 
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Supplementary Figure S4. Effects of MIA-602 on expression of TrkB in prefrontal cor-
tex. Mice were treated daily for 4 weeks by subcutaneous administration of the GHRH 
antagonist MIA-602 (5 μg) or vehicle solution. Cortex and hippocampus tissues were 
collected. Prefrontal cortex was homogenized by Ultra-Turrax homogenizer (IKA-
Werke, Staufen, Germany) in RIPA buffer supplemented with 1mM PMSF (Phenylme-
thanesulfonyl Fluoride) and protease and phosphatase inhibitors cocktails (Sigma, St. 
Louis, MO, USA). Lysed samples were sonicated and centrifuged at 15,000 rpm (4 °C for 
20 min). Protein concentrations were quantified by the BCA Protein Assay (Thermo Sci-
entific, Rockford, IL, USA) and 40 μg of protein lysates were subjected to electrophoresis 
followed by immunoblotting. The nitrocellulose membranes were blocked in 5% nonfat 
dry milk and incubated overnight at 4 °C with the appropriate primary antibodies. Anti-
TrkB monoclonal antibody was purchased from Cell Signaling Technology, Inc. (Bev-
erly, MA, USA). The membranes were then incubated with either anti-rabbit or anti-
mouse HRP-conjugated secondary antibodies (Cell Signaling Technology, Beverly, MA, 
USA). The blots were revealed with the Westar ηC Ultra 2.0 chemiluminescence sub-
strate (Cyanagen, Bologna, Italy). GAPDH was used as loading control (Santa Cruz Bio-
technology, Dallas, TX, USA). 
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Supplementary Figure S5. Effects of MIA-602 on expression of P-AKT in prefrontal 
cortex. Mice were treated daily for 4 weeks by subcutaneous administration of the 
GHRH antagonist MIA-602 (5 μg) or vehicle solution. Prefrontal cortex was homoge-
nized by Ultra-Turrax homogenizer (IKA-Werke, Staufen, Germany) in RIPA buffer sup-
plemented with 1mM PMSF (Phenylmethanesulfonyl Fluoride) and protease and phos-
phatase inhibitors cocktails (Sigma, St. Louis, MO, USA). Lysed samples were sonicated 
and centrifuged at 15,000 rpm (4 °C for 20 min). Protein concentrations were quantified 
by the BCA Protein Assay (Thermo Scientific, Rockford, IL, USA) and 40 μg of protein 
lysates were subjected to electrophoresis followed by immunoblotting. The nitrocellu-
lose membranes were blocked in 5% nonfat dry milk and incubated overnight at 4 °C 
with the appropriate primary antibodies. Anti-P-AKT monoclonal antibody was pur-
chased from Cell Signaling Technology, Inc. (Beverly, MA, USA). The membranes were 
then incubated with either anti-rabbit or anti-mouse HRP-conjugated secondary anti-
bodies (Cell Signaling Technology, Beverly, MA, USA). The blots were revealed with the 
Westar ηC Ultra 2.0 chemiluminescence substrate (Cyanagen, Bologna, Italy). GAPDH 
was used as loading control (Santa Cruz Biotechnology, Dallas, TX, USA). 

Supplementary Figure S6. Effects of MIA-602 on expression of AKT in prefrontal cor-
tex. Mice were treated daily for 4 weeks by subcutaneous administration of the GHRH 
antagonist MIA-602 (5 μg) or vehicle solution. Prefrontal cortex was homogenized by 
Ultra-Turrax homogenizer (IKA-Werke, Staufen, Germany) in RIPA buffer supple-
mented with 1mM PMSF (Phenylmethanesulfonyl Fluoride) and protease and phospha-
tase inhibitors cocktails (Sigma, St. Louis, MO, USA). Lysed samples were sonicated and 
centrifuged at 15,000 rpm (4 °C for 20 min). Protein concentrations were quantified by 
the BCA Protein Assay (Thermo Scientific, Rockford, IL, USA) and 40 μg of protein ly-
sates were subjected to electrophoresis followed by immunoblotting. The nitrocellulose 
membranes were blocked in 5% nonfat dry milk and incubated overnight at 4 °C with 
the appropriate primary antibodies. Anti-AKT monoclonal antibody was purchased 
from Cell Signaling Technology, Inc. (Beverly, MA, USA). The membranes were then 
incubated with either anti-rabbit or anti-mouse HRP-conjugated secondary antibodies 
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(Cell Signaling Technology, Beverly, MA, USA). The blots were revealed with the 
Westar ηC Ultra 2.0 chemiluminescence substrate (Cyanagen, Bologna, Italy). GAPDH 
was used as loading control (Santa Cruz Biotechnology, Dallas, TX, USA). 

Supplementary Figure S7. Effects of MIA-602 on expression of PI3K in prefrontal cor-
tex. Mice were treated daily for 4 weeks by subcutaneous administration of the GHRH 
antagonist MIA-602 (5 μg) or vehicle solution. Prefrontal cortex was homogenized by 
Ultra-Turrax homogenizer (IKA-Werke, Staufen, Germany) in RIPA buffer supple-
mented with 1mM PMSF (Phenylmethanesulfonyl Fluoride) and protease and phospha-
tase inhibitors cocktails (Sigma, St. Louis, MO, USA). Lysed samples were sonicated and 
centrifuged at 15,000 rpm (4 °C for 20 min). Protein concentrations were quantified by 
the BCA Protein Assay (Thermo Scientific, Rockford, IL, USA) and 40 μg of protein ly-
sates were subjected to electrophoresis followed by immunoblotting. The nitrocellulose 
membranes were blocked in 5% nonfat dry milk and incubated overnight at 4 °C with 
the appropriate primary antibodies. Anti-PI3K monoclonal antibody was purchased 
from Cell Signaling Technology, Inc. (Beverly, MA, USA). The membranes were then 
incubated with either anti-rabbit or anti-mouse HRP-conjugated secondary antibodies 
(Cell Signaling Technology, Beverly, MA, USA). The blots were revealed with the 
Westar ηC Ultra 2.0 chemiluminescence substrate (Cyanagen, Bologna, Italy). GAPDH 
was used as loading control (Santa Cruz Biotechnology, Dallas, TX, USA). 
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