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death : implication of PERK:IRE1α:ATF6 axis in Parkinson’s
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Abstract

Background and purpose - In spite of decades research the etiology of Parkinson’s disease (PD) is not yet well defined. The

present study was conducted to assess the role of eukaryotic initiation factor 2 (eIF2α) in progressive dopaminergic neuronal

death. Experimental approach - The investigation was done employing experimental rat model of parkinsonism and utilizing

various interventions (YM08, 4μ8C, AEBSF, salubrinal, ursolic acid) of endoplasmic reticulum (ER) stress signaling. The

mRNA and protein level of ER stress related signaling factors (GRP78, IRE1α, ATF6, eIF2α, ATF4, XBP-1, GADD153) were

estimated along with various biochemical alterations (reactive oxygen species generation, levels of nitrite level, intracellular

calcium, mitochondrial membrane potential), neuronal morphology and neuronal apoptosis after 3 and 7 day of experiment

initiation. Key results - Findings with single administration of interventions showed that salubrinal exhibited significant

protection against rotenone induced alterations in ER stress related signaling factors in comparison to other interventions.

Therefore, further study was expanded with repeat dose of salubrinal. Rotenone administration in rat brain caused the

dose dependent progressive neuronal death which was significantly attenuated with salubrinal treatment involving its diverse

effects on altered levels of various ER stress related signaling factors and altered biochemical parameters. Conclusion and

implications - Findings showed that rotenone administration induced PD pathology involve the dose dependent progressive

neuronal death including various biochemical alterations with critical role of eukaryotic initiation factor 2α, suggesting the

potential pharmacological utilization of salubrinal or salubrinal like molecule in therapeutics of Parkinson’s diseases.

INTRODUCTION

The endoplasmic reticulum (ER), an organelle fundamentally requires to accomplish folding of newly trans-
lated proteins, for regulating their post-translational adaptations to achieve their anticipated physiological
functions. Pathophysiological insults like redox imbalance, hypoxia, excessive protein synthesis, and altered
calcium homeostasis perturb the ER functions, leading to the accretion of unfolded / misfolded proteins
in the ER lumen, machinery depicted as ER stress (Mahdi et al., 2016), a mechanism known to activate
a series of signals that comprise the unfolded protein response (UPR). The three major transducers of the
UPR are located on ER membrane and named as PERK (PKR-like endoplasmic reticulum kinase), IRE1
(inositol-requiring 1), and ATF6 (activating transcription factor 6) (Shen et al ., 2002; Rutkowski and Kauf-
man., 2004). These three ER stress sensors palpate the occurrence of the unfolded proteins in the ER lumen
and then communicate the signals to the nucleus and cytosol. Under physiological conditions all these three
senors remain bound to ER chaperon glucose regulated protein 78 (GRP78) towards their ER-luminal do-
mains and kept their activity suppresed (Shen et al., 2002). However, pathological conditions like accretion
of unfolded/misfolded proteins in ER lumen, dissociates the chaperon-GRP78 from these ER membrane
located sensors and allows their dimerization & activation. Dimerization and phosphorylation of PERK
further phosphorylated the α-subunit of the eukaryotic initiation factor 2 (eIF2α), which further suppress
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the protein synthesis to regulate the cellular protein load. In contrast to other signaling factors, ATF4 (acti-
vating transcription factor 4) eludes the phosphorylated eIF2α mediated translational attenuation due to the
presence of upstream open reading frames (ORFs) at its 5’-untranslated region therefore, it could be stated
that phosphorylation of eIF2α promotes the ATF4 translation. Initiation of ER stress also translocates the
ATF6 to the golgi apparatus for its cleavage by S1P and S2P, and yield free cytoplasmic domain to act
as a transcription factor. Activation of IRE1also catalyses the elimination of a small intron from mRNA
of X-box-binding protein 1 (XBP1) thus makes a translational frameshift in XBP1 to generate an active
transcription factor. Both activated ATF6 and XBP1 then bind to the ER stress response element and the
UPR element, leading to the expression of intended genes (Walter and Ron, 2011). However, reports have
shown that extreme ER stress may exhibit ER-dependent apoptosis by activation of GADD153 / CHOP
(growth arrest DNA damage inducible gene 153 OR C/EBP homologous protein) and caspase-12 (Gao et al.,
2013). The proapoptotic effects of GADD153 have also been observed initiated through increased reactive
oxygen species (ROS) production. ER stress-mediated apoptosis is the third type of apoptosis signaling
pathway that is independent of the membrane receptors or mitochondrial pathways and in this mechanism
the upregulated GRP78 and XBP-1 expression are considered as ER stress markers (Wang et al., 2015).
Previous studies from lab have suggested the involvement of ER stress in rotenone induced neuronal death
however the detailed investigation for involvement of various ER stress related downstream signaling factors
was remain to be done (Wu et al., 2014; Goswami et al., 2016). Xia et al. (2011) have also reported that
interruption in ER function plays an significant role in neuronal pathology. With the scope of lacunae exist
the present study was conducted in rotenone administered experimental rat model of parkinsonism and role
of various signaling factors was evaluated. In order to our previous finding where we showed the prompt sus-
ceptibility of mid brain (MB) and striata (STR) for rotenone induced neuronal pathology the investigations
of present study were done in these two brain regions (Swarnkar et al, 2010; 2011). Since we have reported
the role of ER stress in rotenone induced neuronal death the inhibitors of various factors which may offer the
neuroprotection were employed in study. To induce the neuronal death rotenone neurotoxin was employed
in view of its significant implication in energy crisis and ER stress mediated neuronal apoptosis. Rotenone
is a natural product extracted from the seeds and stems of several plants and primarily involve the impaired
mitochondrial complex-I activity and depleted ATP level for neuronal death (Zhang et al., 2013). Studies
from our lab and other’s have showed the involvement of oxidative stress and nitrosative stress in rotenone
administered rat brain in various rat brain regions (Khadrawy et al., 2017; Verma et al., 2018; Swarnkar et
al., 2010). It has also been reported that rotenone administration in rat brain caused the altered behavioral,
pathological and biochemical parameters (Swarnkar et al., 2010; 2011). Fernández et al. (2017) have also
showed that involvement of reactive oxygen species, calcium and apoptosis in rotenone mediated neuronal
death in rat brain.

MATERIALS AND METHODS

Experimental animals

The study was acquitted on male Sprague Dawley (SD) rats of body weight 180-200 gm, obtained from our
division of laboratory animals, after approval from Institutional animal ethics committee. Rats were kept in
polyacrylic cages with regular housing conditions, food and water was provided ad libitum .

Interventions employed

GRP-78 inhibitor, YM08 (5 mg/kg, Miyata et al., 2013) and ATF-6 inhibitor, AEBSF (10mg/kg, Jiang et
al., 2011) were dissolved in normal saline separately and injected in tail vain of rat prior to 1 h of rotenone
administration. While ATF-4 inhibitor, ursolic acid (25mg/kg, Ebert et al., 2015), IRE1 inhibitor, 4μ8C
(5mg/kg, Ozlem Tufanli et al., 2017) and eIF2α inhibitor, salubrinal (1mg/kg, Wang et al., 2015) were
dissolved in DMSO, injected via intraperitoneally route prior to 1 h of rotenone administration. The repeat
dose of salubrinal was continued daily up to the day of sacrifice (3 and/or 7 day of rotenone administration).

Intranigral administration of rotenone by stereotaxy

Intranigral administration of rotenone (6μg or 12 μg) was done through stereotaxic surgery as reported in
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Goswami et al (2016) and standard postoperative care was done. All experiments were repeated three to four
times (n=3–4). The number of animals taken in each group per parameter was 6–8. Rats were categorized in
seven groups named control, vehicle,per se (salubrinal treated), rotenone administered groups (6μg or 12μg)
and rotenone + salubrinal treated group.

Subcellular fractionation for western blot

The subcellular cytosolic, nuclear and endoplasmic reticulum (ER) fractions were prepared according to the
method described by Zong et al., (2003). In cytosolic fractions the level of GRP-78, eIF2α, p-eIF2α and
cleaved caspase-12 were assessed while in nuclear fraction the protein XBP-1, ATF-4, ATF-6, GADD153 and
cleaved caspase-3 were assessed. Proteins PERK, pPERK, IRE1α and pIRE1α were assessed in ER fraction.
Protein was estimated by Lowry’s method and identical concentration of protein was loaded in lanes for
SDS-PAGE and proteins on gel were then transferred onto polyvinylidene difluoride membrane. Membranes
were blocked with5% BSA solution for 2 h and separately incubated with primary antibodies like anti rabbit
GRP-78, PERK, pPERK, ATF-4, eIF2α, p-eIF2α, pIRE1α, ATF-6, XBP-1, GADD 153, anti mouse caspase-
12, caspase-3, β-actin and anti goat IRE1α overnight at 40C. After washing with PBS-T, the membranes were
incubated with appropriate secondary antibodies conjugated with horseradish peroxidase for 2 h at room
temperature. Signals were developed and visualized employing femtoLUCENT plus-HRP chemiluminescent
substrate (G-biosciences, USA) and ChemiDoc HRS+ (Bio-Rad) respectively. Relative integrated density of
obtained bands was estimated using Image J software and normalized by β-actin (Gupta et al., 2019).

mRNA expression by RT-PCR (Reverse Transcription Polymerase Chain reaction)

Total RNA was extracted from brain regions by trizol reagent based on the manufacturer guidelines and
reported previously (Verma et al, 2018). The amplified PCR products were observed by electrophoresis using
2% agarose gel imaged by gel documentation system. Images were analyzed by software image J. Primer
sequences, product length and Tm are given in Table 1.

Measurement of reactive oxygen species (ROS)

ROS level was estimated according to method described by Verma et al., (2018) and signals were recordede
by fluorimeter (Varian Cary Eclipse, USA) at excitation of 485 nm and emission at 525 nm wavelengths.

Assessment of nitrite level

Nitrite level was estimated according to method described by Singh et al., (2010) and optical density of
pink colored product was measured at 550 nm utilizing spectrophotometric microplate reader (Eon, Biotek,
USA). Nitrite levels were reported in μM and extrapolated from standard curve of sodium nitrite.

Assessment of mitochondrial membrane potential (MMP)

The estimation of MMP was done as reported previously (Gupta et al, 2015) and the signals were measured
using fluorescence spectrophotometer (Agilent, USA) at wavelength 508 nm excitation and 530 nm emission.

Measurement of intracellular calcium level

Estimation was done as reported previously (Biswas et al., 2018) employing fluo-3AM dye (5μM) and fluo-
rescence intensity was measured using fluorescence spectrophotometer (Varian, Cary Eclipse) at 506 nm/530
nm excitation/emission.

Histology analysis

Tissue block preparation and sectioning and cresyl violet staining was done in brain section as reported
previously (Goswami et al., 2015). Florojade C staining of brain sections were done to assess the degenerating
neurons as reported previously (Biswas et al, 2018). Images were captured and analysed by Qwin V3 Software
(Leica).

Comet assay

3
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Comet assay was performed by previously described method (Gupta et al., 2014). The slides were stained
with propidium iodide (40 μg / ml) to visualize the fragmented DNA and 60-70 images per slide were captured
using fluorescent microscope (Nikon Eclipse TE2000-S).

Statistical analysis:

Data were represented as mean ± standard error of the mean (SEM). The alterations in various parameters
were analyzed using one-way analysis of variance (ANOVA) post-hoc Newman-Keuls multiple comparisons
test. Ap value of < 0.05 was taken as statistically significant.

RESULTS

Selection of intervention

Intervention was selected on the basis of protein levels of various signaling factors (Fig.1a-e). Firstly the
experiment was conducted with single dose of intervention (YM08, AEBSF, Ursolic acid, 4μ8C and salubrinal)
which was given to rats 1 h prior to rotenone (12μg) administration and protein level of signaling factors
(GRP-78, p-PERK, dephosphorylation of eIF2α, ATF-4, p-IRE1-α, XBP-1, ATF-6, GADD 153, cleaved
caspase12, cleaved caspase3) was estimated. Level of most of the above signaling factor was significantly
altered after 7 days of rotenone administration with no per se effect of interventions. Rotenone administration
caused the significant alteration in all estimated signaling factors however, diverse protection against rotenone
induced altered level of signaling factors was observed with different interventions (Fig.1, Table 2 & 3). The
level of PERK, IRE1 and eIF2α remain unchanged irrespective of treatment. Comparatively salubrinal
treatment offered significant protection in the entire range of estimated factor in both studied rat brain
regions though the extent of protection was varied for different factors (Table 2 & 3). Therefore, further the
effect of repeat dose of salubrinal was evaluated in ER stress signaling / UPR in both rat brain regions.

Effect of salubrinal on rotenone induced altered mRNA levels of endoplasmic reticulum (ER)
stress markers in both rat brain regions

mRNA level of GRP-78, GADD153, caspase-12 and caspase-3

Rotenone administration caused significantly increased mRNA levels of GRP-78, GADD153, caspase-12
and caspase-3 which was significantly inhibited with salubrinal treatment at both time points. Salubrinal
treatment offered significant inhibition against rotenone induced increased mRNA levels (Fig. 2).

Effect of salubrinal on rotenone induced altered protein levels of endoplasmic reticulum (ER)
stress markers in both rat brain regions

The ER stress related signaling factors like GRP-78, PERK, pPERK, IRE1α, pIRE1α, ATF-6, eIF2α, p-
eIF2α, ATF-4, XBP-1, GADD 153 and cleaved caspase-12 were assessed in both MB and STR regions of rat
brain after 3 days and 7 days of rotenone administration. The assessment was done in subcellular fractions as
indicated in methodology section. Rotenone administration caused the increased level of GRP78, p-PERK,
ATF4, p-IRE1, XBP-1, ATF6, GADD153, cleaved caspase12, cleaved caspase3 along with dephosphorylation
of eIF2α. The level of PERK, IRE1 and eIF2α remain unaltered (Fig. 3).

Effect of salubrinal on rotenone induced biochemical alterations in both rat brain regions

Reactive oxygen species (ROS) generation

After 3 days of rotenone injection significantly increased ROS level was observed as compared to control
however, after 7 days of rotenone administration no significant increase in ROS level was observed in both
MB and STR regions as compared to control rat brain regions. Salubrinal per se treatment did not cause
alteration in basal ROS level (Fig. 4a).

Nitrite level

Rotenone administration in rat brain caused significantly increased nitrite level in comparison to control in
both MB and STR regions at both time point. Salubrinal per se treatment did not cause significant effect

4
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on nitrite level in comparison to control levels in both studied brain regions. Salubrinal only injection had
no significant effect on nitrite level (Fig. 4b).

Effect on Mitochondrial membrane potential (MMP)

Under physiological condition the maintenance of certain MMP is essential for the regulated synthesis of
ATP, intracellular ion equilibrium and cellular death. In order to this, the assessment of MMP was done
utilizing fluorescent dye rhodamine 123 after rotenone administration in both MB and STR region of rat
brain A decline in the membrane potential was observed in both MB and STR region after 3and 7 days of
rotenone administration in comparison to control. In salubrinalper se treated rat brain the MMP level was
not altered and approximately identical to control values

(Fig. 4c).

Intracellular calcium level

Calcium encounter vital role in upholding of cellular functional equilibrium and mitochondrial activity there-
fore, its intracellular levels were estimated. Intracellular calcium level was found significantly increased in
both MB and STR regions after 3 and 7 days of rotenone administration. Salubrinal treatment significantly
attenuated the rotenone induced increased intracellular calcium level. Salubrinal only treatment did not
exhibit significant effect on calcium level. (Fig. 4d).

Effect of salubrinal on rotenone induced altered neuronal morphology and degenerating neu-
rons in both rat brain regions

Cresyl violet (CV) staining

Rotenone induced morphological alterations were assessed by cresyl violet (CV) staining of brain sections.
Rotenone administration for 3 and 7 days exhibited the significant deterioration of neuronal nuclei in both
mid brain and striata regions of rat brain (Fig. 5a). Salubrinal only treatment had no significant effect on
neuronal nuclei in comparison to control. The analysis was done in terms of area and reported as μm2.

Fluorojade C (FJ-C) staining

Fluorojade C is an anionic fluorescent dye and a marker of degenerating neurons. After 3 and 7 days of
rotenone administration in rat brain significantly increased neuronal degeneration was observed in both MB
and STR regions (Fig. 5b).Salubrinal only injection had no significant amendment in rat brain regions.

Effect of salubrinal on rotenone induced DNA fragmentation in both rat brain regions

After 3 and 7 days of rotenone administration considerable DNA fragmentation was observed in both MB and
STR region of rat brain in comparison to control as assessed by comet assay (Fig. 5c). Salubrinal treatment
offered considerable protection against rotenone induced increased DNA fragmentation. Salubrinal per se
treatment did not cause significant effect on DNA fragmentation.

DISCUSSION

Present study was undertaken to evaluate the cardinally involved signaling factor among all ER stress related
signaling factors and UPR like GRP78, transmembrane kinases - PERK & IRE1, ATF4 & 6, eIF2α, XBP-1,
caspase 12 and GADD153. Since we intend to investigate the role of various signaling factor, the rats were
exposed to rotenone which is highly toxic to neurons through its effect on mitochondrial complex-I activity
and ER functionality as observed by us and others previously (Tong et al., 2016; Goswami et al, 2016; Gupta
et al, 2019). To assess the effect of various signaling factors the rats were dosed with single bolus of various
interventions of different factors. We have employed the intervention of GRP78 (YM08), IRE1 (4μ8C),
ATF4 (Ursolic acid), ATF6 (AEBSF) and eIF2α (salubrinal) in study and estimated the protein levels of
various factors (GRP-78, ATF-4, eIF2α, p-eIF2α, caspase-12, GADD 153, XBP-1, ATF-6, caspase-3, PERK,
pPERK, IRE1α, pIRE1α) in different subcellular fractions. Findings indicated the diverse inhibitory effect
of different interventions on various factors up to diverse extent. However, salubrinal treatment offered
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comparatively panoptic protection against all of the rotenone induced altered ER stress and UPR related
signaling factors, indicating the central role of eIF2α in rotenone induced neuronal death. Since salubrinal is
a specific inhibitor of eIF2α phosphatase inhibitor enzyme, it prevents the dephosphorylation of eIF2α thus
promoting the phosphorylated eIF2α. Phosphorylated eIF2α reduce the translation initiation and protects
the cell against protein load and prevents the UPR. Since we have observed the protective effect of salubrinal
against rotenone induced altered level of various ER stress signaling factors/ UPR we further aimed to explore
the possibility of pharmacological use of salubrinal in PD therapeutics. Number of evidences suggested that
ER stress is plebeian pathological hallmark of PD as evident in experimental models of disease (Colla et al.,
2012). ER stress markers have also been reported in the substantia nigra pars compacta region of human post-
mortems brain of sporadic PD patients (Slodzinski et al., 2009). Observations showed the immunoreactivity
of the UPR related markers like pPERK and peIF2α in neuromelanin containing dopaminergic neurons in
the substantia nigra of PD cases, suggesting their critical role in disease pathology. In addition, pPERK
immunoreactivity is also co-localized with augmented immunoreactive α-synuclein dopaminergic neurons
reflecting the alliance of UPR commencement with the accumulation and α-synuclein aggregation. Therefore,
rotenone was employed in study which induces the PD like pathology and energy crisis along with ER stress
(Swarnkar et al, 2010, 2011; Gupta et al, 2019; Jagmag et al, 2016). The study was designed to investigate the
time and dose dependent effect of rotenone on neuronal viability, biochemical alterations and how salubrinal
executed its effect on rotenone induced adverse conditions. To attain this aim the rotenone was administered
in rat brain and rats were sacrificed at 3rd and 7th day of rotenone administration as detailed in methodology
section.

Firstly we assess the mRNA level of key ER stress related factor GRP78, GADD153, caspase12 and caspase3
after 3 and 7 day of treatment. Findings showed that rotenone administration in rat brain caused the
significantly increased expression levels of GRP78, GADD153, caspase 12 and neuronal death in both dose
and time dependent manner which were inhibited with salubrinal treatment at both time points. The protein
level of various factors (GRP-78, ATF-4, eIF2α, p-eIF2α, caspase-12, GADD 153, XBP-1, ATF-6, caspase-3,
PERK, pPERK, IRE1α, pIRE1) was also estimated in both MB and STR regions in subcellular fractions.
In this context we have observed the rotenone induced significantly increased level of GRP78, pPERK,
pIRE1, ATF4, XBP1, ATF6, GADD153, caspase12, depleted level of peIF2α along with neuronal death in
both time and dose dependent manner. In order to this observation recent finding by Ramalingam et al,
(2019) showed that rotenone caused the mitochondrial dysfunction, ER stress and affected mitochondria-
associated ER contacts and consequent dopaminergic neuronal death. Reports also showed the rotenone
induced increased transcriptional level of GRP78, GADD153 and caspase3 along with increased translational
level of GRP78, XBP1, GADD153 and caspase3 in rat brain (Ma et al, 2019; Peng et al, 2018). A study in
LUHMES monoculture showed that rotenone causes the increased level of ATF4 and oxidative stress which
could be prevented with thiol mediated stress responses of astrocytes to protect the neurons (Gutbier et al,
2018). Study in PC12 cells and experimental rats showed that rotenone caused the PERK phosphorylation
and subsequent activation of ATF4 and GADD153 to induce the neuronal death (Wu et al, 2014). Tong et
al. (2016) have also reported that rotenone noticeably induced the neuronal-apoptosis along with caspase-12
activation in the substantia nigra pars compacta (SNpc). In agreement to our findings the previous studies
have also demonstrated that caspase-3 could be activated by ER stress related marker caspase-12 (Katayama
et al., 2004). In concordance to observed salubrinal induced protection against rotenone induced neuronal
death Sokka et al. (2007) have also shown that salubrinal could offer the inhibition in kainic acid induced
neuronal death in rat brain.

Observed ER stress reflects the altered balance of ER lumen and may involve the other pathological incidents
like oxidative stress and affected mitochondrial activity. Since ER is the major intracellular calcium reservoir,
its stressed conditions reflects the affected calcium homeostasis. Such high level of calcium are required for
various calcium dependent chaperon for proper protein folding in ER (Sano and Reed, 2013; Krebs et al,
2015). ER stress induced altered clearing of protein will lead to an accretion of misfolded proteins in ER
lumen which could induce the calcium efflux through ER (Deniaud et al., 2008) and subsequent increased
calcium influx in mitochondria, collectively inducing the changes in mitochondrial pH and ROS production

6
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(Smaili et al., 2009). Previous studies from our lab and others have also showed the involvement of calcium
in rotenone mediated neuronal death (Swarnkar et al., 2012; Fernandez et al., 2017).

In view of these reports we have estimated the level of intracellular calcium level. Rotenone administra-
tion caused the significantly increased level of calcium in dose dependent manner which were significantly
attenuated with salubrinal treatment in both MB and STR regions. Such ER-lumen released calcium may
concentrate in the matrix of the mitochondria and may offer the mitochondrial depolarization, disrupt the
mitochondrial electron transport and increased ROS production (Görlach et al, 2006). Other authors have
also reported the rotenone induced increased ROS production (Wang et al., 2018) which further disrupt the
mitochondrial membrane potential to trigger cytochrome c release, which foster the activation of caspase-9
to initiate the mitochondrial-targeted apoptotic signals (Chunxin et al., 2009).

Therefore, further we have estimated the mitochondrial membrane potential (MMP) and ROS generation in
both MB and STR regions after rotenone / rotenone+salubrinal treatment. Rotenone administration caused
the acute (observed after 3 day) significant increase in ROS level and mitochondrial depolarization however
the chronic (after 7 day) treatment did not exhibit the significant increase in ROS level and mitochondrial
depolarization though the levels were high in comparison to respective control rat brain regions. Such acu-
te increase in ROS may further increase the calcium release from ER lumen through sensitization of ER
calcium-release channels and cause the protein misfolding and direct the cell towards death. The depleted
MMP was observed after acute treatment (after 3 day of rotenone administration) however the chronic (af-
ter 7 day) treatment showed the depleted MMP but it was not significantly different from the respective
control rat brain regions. The depleted MMP also suggested the release of various proapoptotic factors from
mitochondria which may subsequent promote the neuronal death (Rego et al, 2001). Previously we have
observed the role of nitrite in rotenone induced neuronal death which could be attenuated with salubrinal
in neuro2A cells (Gupta et al, 2019) therefore we have also estimated the level of nitrite in both MB and
STR regions. Rotenone administration caused significantly increased level of nitrite in both concentration
and time dependent manner which was significantly inhibited with salubrinal treatment in both studied rat
brain regions. Such increased level of nitric oxide / nitrite and ROS may further react to each other to
generate the more toxic reactive species peroxynitrite which affect the mitochondrial functions as well as
caused the permanent damage in DNA (Ramdial et al., 2017)

Along with these biochemical alterations the neuronal morphology, degenerating neurons and DNA frag-
mentation was also assessed in both MB and STR regions. The neuronal morphology was assessed by cresyl
violet staining of the rat brain sections (Ludvig et al., 2008). Rotenone administration to rat brain caused the
significant altered neuronal morphology in both MB and STR regions which was attenuated with salubrinal
treatment. Further the degenerating neurons were observed by florojade staining. Rotenone administration
caused the degeneration of neurons at both concentrations of rotenone in both studied brain regions. Roteno-
ne induced degeneration of neurons was significantly attenuated with salubrinal treatment. Further to assess
the effect of rotenone on genetic material the comet assay was performed. Rotenone administration caused
significant DNA fragmentation in both regions which was attenuated with salubrinal treatment. In conclusi-
ons, findings suggested the key role of eIF2α in rotenone induced adverse effects in rat brain MB and STR.
Salubrinal treatment exhibited the significant protection of neurons against rotenone induced ER stress and
UPR signaling mediated DNA fragmentation and neuronal apoptosis involving biochemical parameters like
ROS generation, nitrite level, restored mitochondrial membrane potential and intracellular calcium levels.
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