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bioactive properties. Carotenoid pigments from Micrococcus luteus (M. luteus) have been identified 
as potential neuroprotective agents. This study aimed to investigate the protective effects of M. 
luteus pigment in a cellular model of Parkinson’s disease. 
Methods: Carotenoid pigment was isolated from wild strains of M. luteus and structurally 
characterized. Its neuroprotective activity was assessed in SH-SY5Y neuroblastoma cells exposed 
to rotenone. Cell viability, reactive oxygen species (ROS) scavenging, and autophagy modulation 
were evaluated. Additionally, mRNA expression levels of brain-derived neurotrophic factor 
(BDNF), a key therapeutic target in Parkinson’s disease, were quantified. 
Results: M. luteus was identified using MALDI-TOF MS, yielding a score of 2.31. The purified 
yellow pigment exhibited FTIR peaks at 3269.07 cm⁻¹, 1629.79 cm⁻¹, and 1015.55 cm⁻¹, which 
align with the characteristics of hydroxylated carotenoids (xanthophyll type). In SH-SY5Y cells, 
rotenone decreased viability to less than 50%, while co-treatment with pigment restored viability 
in a concentration-dependent manner, reaching over 90% at 25 µg/mL. Rotenone reduced 
neurite length by approximately 75%, whereas it was maintained at a concentration of 25 µg/mL 
pigment. Flow cytometry demonstrated reduced LC3 intensity in the presence of rotenone, 
which was subsequently restored by co-treatment with pigment, suggesting an increase in 
autophagy. Rotenone resulted in a marked elevation of ROS levels, whereas pigment treatment 
significantly reduced these levels in the cells. Rotenone inhibited BDNF expression, whereas co- 
treatment with pigment restored and elevated BDNF levels to nearly control values. 
Conclusion: The carotenoid pigment from M. luteus demonstrates significant neuroprotective 
activity by improving cell viability, scavenging ROS, and enhancing BDNF expression in a 
Parkinson’s disease cell model. These findings highlight its potential as a natural therapeutic 
candidate for neurodegenerative disorders. 

 

1. INTRODUCTION 

Owing to their antimicrobial [1], antioxidant 

[2], and anti-tumor activity [3], pigments from soil- 
derived bacteria find application in the pharmaceutical 
industry  [4].  Studies  have  shown  that  microbial 
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pigments, such as carotenoids, canthaxanthin, 
astaxanthin, and melanins, including phycocyanin, 
possess anticancer, anti-inflammatory, and antioxidant 
properties [5, 6]. Xanthophylls, hydroxylated 
carotenoids, have more polarity than carotenes, hence 
increasing membrane interactions and antioxidant 
efficacy. Xanthophylls, in contrast to carotenes that 
mainly serve as vitamin A precursors, have a role in 
neuroprotection, membrane stability, and the control 
of stress-response pathways [7]. Due to the 
detrimental consequences of synthetic pigments, 
natural pigments are gaining relevance nowadays. 
Increasing demand for natural pigments is a result of 
their beneficial impacts on both human and 
environmental health [8]. 

Gram-positive, aerobic coccoid organisms of 
the genus Micrococcus are abundant in carotenoid 
pigments, recognized for their bioactive and 
radioprotective qualities. Although the carotenoid 
pigments generated by Micrococcus show beneficial 
effects in the food, pharmaceutical, cosmetic, and dye 
industries [9, 10], there is no scientific or systematic 
investigation into their neuroprotective effect. 

According to the conclusions drawn by the 
World Health Organization (WHO), it is anticipated 
that by the year 2040, neurological disorders will 
become the second leading cause of mortality [11]. 
Neurodegenerative disorders are a heterogeneous 
group of incurable illnesses like Alzheimer's disease 
(AD) and Parkinson's disease (PD) that affect 
neurons, causing progressive deteriorating changes in 
the structure and function of nerve cells. The WHO 
recognizes AD as a global public health priority [12]. 
In the case of PD, prevalence and incidence rates are 
increasing rapidly [13]. Currently available treatments 
of neurodegenerative diseases are less efficient in 
curing and can only manage the symptoms or slow 
progression of the disease. Using natural products is a 
better therapeutic approach for these diseases, 
minimizing side effects [11]. Investigations within this 
domain will doubtlessly facilitate the advancement of 
prospective therapeutic strategies capable of 
modulating inflammation and substantially mitigating 
neuronal damage [14]. 

In light of this, we investigated the 
neuroprotective effect of a carotenoid pigment 
extracted from the soil microbe Micrococcus luteus (M. 
luteus) in SH-SY5Y neuroblastoma cell lines subjected 
to rotenone induced degeneration. 

2. METHODS 

2.1 Separation of pigment-producing soil 
microorganisms 

Samples of soil were collected from different 
locations in Thiruvananthapuram district, Kerala, 
India. The types of soil consisted of fairly rich brown 
loam of laterite and sandy loamy soil. Collected about 
25 g of soil, removed the debris from the surface, and 
preserved it in an icebox prior to transportation to the 
laboratory. Strains that produce pigment were isolated 
from the soil by the spread plate method. Colonies 
exhibiting pigmentation were carefully subcultured 
and grown in Micrococcus differential agar (using 
mannitol salt agar and following ASM guidelines), and 
yellow pigment producers were selected for further 
studies. 

2.2 Bacterial identification by matrix-assisted 
laser desorption ionization-time of flight mass 
spectrometry (MALDI-TOF MS) analysis 

Bacteria were detected by MALDI-TOF MS 
analysis. A fresh bacterial colony was directly smeared 
onto a stainless-steel MALDI target plate. The spot 
was overlaid with 1 µL of 70% formic acid to 
facilitate protein extraction. After drying, 1 µL of α- 
cyano-4-hydroxycinnamic acid (HCCA) matrix 
solution was added. The prepared target plate was 
inserted into the Bruker Microflex LT™ instrument 
(Bruker Daltonics GmbH & Co. KG, Germany). 
Spectra were acquired in positive linear mode over a 
mass range of 2,000–20,000 m/z. Acquired spectra 
were analyzed using Bruker's Biotyper software. 
Identification was based on comparison with the 
Bruker reference database. 

2.3 Bacterial pigment extraction and purification 
M. luteus was incubated in specific growth 

media (Tryptone -10 g, Yeast extract -1.0 g, Dextrose 
-10 g, Bromocresol purple -0.040 g in 1000 mL 
distilled water) at room temperature and incubated for 
72 h for pigment production. Bacterial cells were then 
separated by centrifugation at 8000 rpm for 10-15 
min, and the supernatant was collected for further 
pigment isolation. Then, the supernatant was 
extracted with chloroform-to-supernatant ratio of 1:2 
(v/v) for 48 h in a separating funnel. The pigments 
were carefully separated, dried under pressure, and 
subjected to further studies. 

The pigment generated by M. luteus was 
purified via column chromatography employing silica 
gel (60-120 mesh size), and initially eluted with n- 
hexane at a flow rate of 1 mL/min. The solvent's 
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polarity was subsequently enhanced by the addition of 
ethyl acetate (5-100 %), and the yellow-hued fractions 
were collected from the column. 

2.4 Characterisation by FTIR spectroscopy 
The pigment extracted and purified from M. 

luteus was analyzed using FTIR spectroscopy, as 
detailed by Pawar and coworkers [15]. Potassium 
bromide was used to concentrate and pellet the 
pigment's methanolic extract. The comparative 
intensity of light that is transmitted by the pigment 
was assessed in relation to the absorption wavelength 
within the range of 400 to 4000 cm⁻¹ using FTIR 
spectrophotometer (Nicolet™ iS50 FTIR 
Spectrometer, Catalogue number 912A0760, make 
Thermoscientific, USA). 

2.5 Cell Lines 
Neuroblastoma cells, SH-SY5Y (ATCC Cat# 

CRL-2266, RRID:CVCL_U924) were obtained from 
the National Centre for Cell Sciences (NCCS) in 
Pune, India, and cultured in Dulbecco's Modified 
Eagle's Medium (DMEM). Cells were maintained in a 
culture flask containing appropriate antibiotic 
solution, with DMEM, enriched with L-glutamine, 
10% FBS, and sodium bicarbonate. Cell culture was 
sustained at a temperature of 37°C within a 5% CO2 

incubator. Confluent layer of cell culture was then 
trypsinized with 0.25% trypsin-EDTA, reseeded at 1 
x 105 cells/mL of DMEM with 10% FBS after being 
washed with phosphate-buffered saline (PBS), and 
incubated overnight. 

2.6 Neuroprotective property of the pigment 
 

2.6.1 Cell morphology and Cell viability 
Cells were pretreated with 10 µM rotenone 

[16] in a 96-well culture plate (5 x 103 cells/well) and 
were incubated at a temperature of 37ºC within a 
humidified incubator supplemented with 5% CO2 for 
a period of one hour. Cells were treated with pigment 
extract having concentrations from 6.25 to 100 
µg/mL dissolved in 0.1% dimethyl sulphoxide 
(DMSO) and incubated for 24 h. Morphology was 
then studied by using the MTT assay [17]. A 30 µL 
solution of 3-(4,5-dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide (MTT) was 
administered to cells exposed to varying 
concentrations of pigment, ranging from 6.25 to 100 
µg/mL. Following a PBS wash, the cells were 
incubated at 37 °C for 3 hours, then washed with 
PBS, treated with 200 µL DMSO, and incubated at 
room temperature for 30 minutes until the cells were 

lysed and a homogeneous color was achieved. 
Following a 2-minute centrifugation, the absorbance 
was measured at 540 nm, utilizing DMSO as a blank 
to determine the viability percentage. The 
experiments were done in triplicates, and the results 
are represented as mean ± SD. 

After examining the cell viability, cells were 
treated with 10 µM rotenone for one hour. After 
incubation, 25 µg/mL of the pigment was added and 
kept in an incubator for 24 h. Cells serving as 
controls were also kept, and further experiments were 
carried out. 

 
2.6.2 Reactive Oxygen Species 

Cells were seeded onto 96-well plates at a 
density of 5000–10,000 cells per well. Reactive oxygen 
species were analyzed using a standard protocol [18]. 
After treatment, cells were washed with PBS, treated 
with 100 µM dichloro dihydro fluorescein diacetate 
(DCFDA) diluted in DMEM and 1% FBS for one 
hour, rinsed the cells twice using PBS and examined 
underneath a fluorescent microscope at 470 nm 
excitation and 635 nm emission wavelength to 
measure the fluorescence. DCF fluorescence was 
imaged on a fluorescent microscope (Olympus 
CKX41, Japan), and relative intensity was measured 
using the ImageJ analysis software. 

2.6.3 Neurite length 
Cells were seeded in 24-well plates at a density 

of 5 × 10⁴ cells/well and allowed to attach overnight 
and differentiated using 10 μM all-trans retinoic acid 
(RA) for 5 days, with media replacement every 48 
hours. After differentiation, the cells were treated as 
per the method described previously, and following 
incubation, the cells were stained with 5 mg/mL 
fluorescein diacetate (FDA) in the dark for 15 
minutes to visualize live neurites. Cells were then 
gently washed with PBS and observed under a 
fluorescence microscope using a blue filter (excitation 
~490 nm, emission ~520 nm). Neurite outgrowth 
was assessed by measuring neurite lengths using 
imaging software, and results were expressed relative 
to untreated control cells [19]. 

2.6.4 Autophagy assay 
Cells were seeded in 6-well plates at a density 

of 2 × 105 cells/well. The Cyto-ID® autophagy 
detection kit was used to detect autophagy. Cyto-ID® 
green detection reagent was diluted using 1 x assay 
buffer to prepare the dye stain solution. Each sample 
received a small amount of diluted green stain 
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Table 1. The primer sequences used in qPCR 

Oligo 
name 

Forward  Reverse  
Sequence (5’ - 3’) Tm Sequence (5’ - 3’) Tm 

GAPDH ACTCAGAAGACTGTGGATGG 57.3˚C GTCATCATACTTGGCAGGTT 55.3˚C 
BDNF AGCTGAGCGTGTGTGACAGT 59.4 ACCCAATGGGATTAACACTTGG 57.3 

 

solution, thoroughly mixed, and kept in an incubator 
for a duration of 30 min at 37°C in the dark. 
Subsequently, the   cells   were   subjected 
to centrifugation and then rinsed with buffer. 
Reconstituted the pellets in the buffer and performed 
flow cytometric analysis with Muse Cell Analyzer 
(Luminex Corporation, USA), and further evaluation 
was conducted via Muse analytic software. 

2.6.5 Gene Expression Study of Bra in-Derived 
Neurotrophic Factor (BDNF)  

Real time polymerase chain reaction (qPCR) 
was performed to assess BDNF gene expression. 
Trizol was used for extracting total RNA as per the 
manufacturer's instructions, and Qubit 3. cDNA 
Synthesis Kit was used for cDNA synthesis in a 
thermal cycler. Twenty minutes of cycling at 42oC and 
5 minutes at 85oC were performed to conduct qPCR 
analysis. All tests were carried out three times, and the 
results were evaluated using the ΔΔCt method. The 
primer sequences utilized [20, 21] are displayed in 
Table 1 

 
2.7 Statistical analysis 

Statistical analysis was performed using 
GraphPad Prism Software 5.01 (GraphPad Software, 
Inc., San Diego, CA). The data were represented as 
mean ± SD (n = 3) and analyzed by one-way analysis 
of variance (ANOVA), and P <0.05 was considered 
statistically significant. 

 
3. RESULTS 

3.1 Isolation of bacteria and bacterial pigment 
M. luteus was effectively isolated from samples 

of soil obtained from various locations in 
Thiruvananthapuram (Figure 1). The recognition of 
the microorganisms was validated through MALDI- 
TOF MS analysis. The target plates were placed into 
the Bruker Microflex LTTM apparatus. Positive linear 
mode was used to acquire spectra from 2,000 to 
20,000 m/z. We used Bruker's Biotyper software to 
analyze the acquired spectra. With a score of 2.31, it is 
highly probable that the specimen was identified at 

the species level as M. luteus through comparison with 
the Bruker reference database. 

 

Figure 1: Micrococcus luteus grown on Micrococcus differential agar. 
 

Yellow pigment was isolated and purified 
using column chromatography and characterized by 
FTIR (Figure 2). Peaks were obtained at 3269.07 cm-1, 
1629.79 cm-1, and 1015.55 cm-1. The presence of 
hydroxyl functional groups, as shown by the peak at 
3269.07 cm⁻¹, suggests the potential presence of 
oxygenated carotenoids, such as xanthophylls. This 
peak provides more evidence that M. luteus contains 
carotenoids of the xanthophyll type. The 
characteristic feature of carotenoids, the presence of 
conjugated double bonds, is indicated by the peak at 
1629.79 cm⁻¹. Showing the pigment-containing long 
polyene chains. Once again, the peak at 1015.55 cm⁻¹ 
suggests that M. luteus contains hydroxylated 
carotenoids, as it reflects skeletal vibrations in the 
polyene chain and may also indicate C-O stretching. 
The FTIR results strongly suggest that the M. luteus 
pigment is a carotenoid, more especially an 
oxygenated type like xanthophylls. 
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Figure 2: FTIR analysis of the spectrum for the pigment 
extracted from M. luteus 

3.2 Neuroprotective activity of pigment induced 
by rotenone in SH-SY5Y cells - MTT Assay 

Figures 3A and 3B demonstrated improved 
cell viability when cells were subjected to concurrent 
treatment with the pigment and rotenone. A 
comparison was made to those cells treated 
exclusively with rotenone. More than 90% cell 
viability was seen in cells exposed to 25 µg/mL of 
pigment along with rotenone. Cell viability was found 
to be concentration dependent and reached a 
maximum at 25 µg/mL and then started declining. 
Cells exposed to rotenone alone showed less than 
50% cell viability. The results of the MTT assay 
confirmed the neuroprotective activity of the 
pigment. Morphological characteristics of cells 
subjected to 25 µg/mL pigment treatment, along with 
rotenone, were found to be comparable to those of 
the control. Based on these observations, we selected 
this concentration for further studies. 

 

 

Figure 3: Neuroprotective activity of pigment against rotenone-induced toxicity in SH-SY5Y cells. (A) Photomicrographs (10X 
magnification) showing the in vitro neuroprotective effect of pigment on rotenone-induced SH-SY5Y cells: (a) untreated control, (b) 
rotenone-exposed cells, and rotenone-exposed cells co-treated with isolated pigment at concentrations of (c) 6.25 µg/mL, (d) 12.5 µg/mL, 
(e) 25 µg/mL, (f) 50 µg/mL, and (g) 100 µg/mL. (B) Graphical representation of the neuroprotective effect of the pigment assessed by 
MTT assay. All experiments were performed in triplicates, and results are expressed as mean ± SD. Data were analyzed using one-way 
ANOVA followed by Dunnett’s test. ***p < 0.001, *p < 0.01 compared to the rotenone-exposed group. 
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Figure 4: FACS analysis of autophagy activity of isolated pigment in rotenone-exposed SH-SY5Y cells. (A) untreated SH-SY5Y cells (B), 
rotenone-exposed SH-SY5Y cells (C) Rotenone-exposed cells co-administered with 25 µg/mL of pigment extracted from M. luteus (D) 
Graphical representation depicting the autophagy activity of isolated pigment in rotenone-exposed SH-SY5Y cells by FACS analysis. 

 
 

 
Figure 5. (A) Fluorescent micrographs (40X magnification) demonstrating neurite length in (a) untreated SH-SY5Y cells, (b) cells exposed 
to rotenone alone, and (c) cells exposed to rotenone co-administered with 25 µg/mL M. luteus pigment. (B) Neurite length measurements in 
untreated SH-SY5Y cells, cells exposed to rotenone alone, and cells exposed to rotenone co-administered with 25 µg/mL M. luteus 
pigment, with experiments performed in triplicates, results expressed as mean ± SD, and data analyzed using one-way ANOVA followed 
by Dunnett’s test (***p < 0.001 compared to the rotenone-exposed group). 
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3.3 Autophagy assay 
The flow cytometric analysis of autophagy is 

illustrated in Figure 4, with LC3 intensity serving as a 
marker that typically signifies the formation of 
autophagosomes. The LC3 fluorescence intensity 
distribution from cells stained for autophagy 
detection is depicted in each histogram. The baseline 
LC3 intensity exhibits a moderate peak within a 
defined range. Rotenone treatment exhibits a leftward 
shift and a narrower peak, signifying diminished LC3 
intensity and consequently inhibited autophagy. In the 
rotenone + pigment treatment, the LC3 intensity peak 
shifts rightward, akin to the control, indicating a 
restoration or enhancement of autophagy. The 
findings indicate that the M. luteus pigment has the 
ability to stimulate autophagy, which could potentially 
offer neuroprotective benefits. 

3.4 Neurite length 
Control cells exhibit significant neurite 

outgrowth characterized by elongated processes and 
robust neuronal morphology. Cells treated with 
rotenone display significant neurite retraction and a 
rounded morphology, signifying neurotoxicity and 
cytoskeletal disintegration. Cells on treatment with 
rotenone and M. luteus pigment exhibited partially 
restored  neurite  outgrowth,  evidenced  by  the 

elongation of processes, suggesting a protective 
influence on neurite architecture as shown in Figure 
5A. Quantitative analysis revealed that neurite length 
was found to be significantly reduced (~75% 
reduction) after rotenone treatment when compared 
to the control group. The use of M. luteus pigment in 
conjunction with rotenone resulted in a statistically 
significant increase in neurite length, suggesting a 
partial restoration of the neuronal integrity, as shown 
in Figure 5B. 

 
3.5 Analysis of ROS 

The reactive oxygen species formed 
intracellularly in cells exposed to rotenone were 
observed and analyzed using fluorescence intensity by 
labeling the cells with DCFDA. Control cells display 
negligible green fluorescence, signifying low basal 
levels of ROS Cells treated with rotenone exhibit 
intense green fluorescence, indicating a significant 
elevation in ROS production resulting from 
mitochondrial dysfunction. Cells co-treated with 
rotenone and M. luteus pigment exhibit significantly 
diminished fluorescence, suggesting that the pigment 
has the capacity to mitigate rotenone-induced 
oxidative stress (Figs. 6A &B). 

 

 
 

Figure 6. (A) Fluorescent micrographs (10X magnification) showing ROS generation in (a) untreated SH-SY5Y cells, (b) cells exposed to 
rotenone alone, and (c) cells exposed to rotenone co-administered with 25 µg/mL M. luteus pigment. (B) In vitro ROS measurement in 
untreated SH-SY5Y cells, cells exposed to rotenone alone, and cells exposed to rotenone co-administered with 25 µg/mL M. luteus 
pigment, with experiments performed in triplicates, results expressed as mean ± SD, and data analyzed using one-way ANOVA followed 
by Dunnett’s test (***p < 0.001 compared to the rotenone-exposed group). 
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3.6 Effect of pigment on the expression of BDNF 
in SH-SY5Y cells 

BDNF is a neurotrophin crucial for neuronal 
survival, development, and synaptic plasticity. 
Rotenone demonstrates significant downregulation of 
BDNF. This verifies that rotenone markedly inhibits 
BDNF expression, presumably as a result of oxidative 
stress, aligning with its neurotoxic characteristics. The 
neuroprotective and potentially neuro-regenerative 
capabilities of BDNF are indicated by the effective 
reinstatement and amplification of BDNF 
expression through co-treatment with M. luteus 
pigment (Figure 7). 

Figure 7: Graphical representation illustrating the BDNF 
expression by semi-quantitative real-time PCR analysis. Along X- 
axis: Samples; Along Y-axis: Expression fold change. All 
experiments were done in triplicates and results represented as 
mean ± SD. One-way ANOVA and Dunnetts tests were 
performed to analyze data. ***p< 0.001 compared to rotenone- 
exposed group. 

4. DISCUSSION
Parkinson's disease is a 

common neurodegenerative condition predominantly 
affecting the geriatric population and ranks as the 
second leading cause of dementia. The progressive 
deterioration of dopaminergic neurons in the 
substantia nigra pars compacta represents the primary 
pathogenic change linked to the disease [22, 23]. 
Currently available PD drugs offer symptomatic relief, 
but they cannot stop the progression of the 
deteriorating process. Long-term usage of the drugs 
can lead to progressive decline in drug response, 
motor instability, and drug-prompted toxicity. Natural 
products that can provide neuroprotective support 
independently or in combination with the existing 
drugs can be an alternative therapeutic strategy [24]. 
In this study, we analyzed the effect of the pigment 
produced from M. luteus isolated from soil on 
rotenone-induced neurodegenerative changes in SH- 
SY5Y cell lines. A comparative study will be 
advantageous in recognizing the functional diversity 

among various species, thereby offering valuable 
insights into the strain-specific pigment biosynthesis 
pathways and functional variations. Futuristic 
research may benefit from this methodology. This 
advancement may facilitate a more comprehensive 
understanding of the biological characteristics of 
various species. 

Column chromatography using a silica 
column was employed to isolate and purify the yellow 
pigment, which was subsequently characterized using 
FTIR. Peaks were observed at 3269.07 cm-1, 1629.79 
cm-1, as well as 1015.55 cm-1, that is linked to
distinct functional groups. The –OH stretching is
indicated by a broad and robust peak that spans from
3700 to 3000 cm-1 [25].

Rotenone, an organic pesticide and a powerful 
inhibitor of mitochondrial complex I, induces 
characteristics that are indistinguishable from those 
observed in clinical PD. It causes deterioration of the 
dopaminergic system, neurodegeneration, 
neuroinflammation, and behavioral abnormalities 
[26]. The neuroprotective effect of the isolated 
pigment was investigated using a PD cellular model 
generated by rotenone. 

Reactive oxygen species are highly active 
molecules responsible for the emergence of 
neurodegenerative diseases. Enhanced oxidative stress 
levels are often seen in the brains of individuals with 
neurodegenerative diseases [27]. Cell viability after co- 
treatment using rotenone and pigment was shown to 
be improved compared to rotenone treatment. Cell 
viability was enhanced by the pigment at a pace that 
was dependent on concentration. The MTT analysis 
confirmed that the pigment has neuroprotective 
properties. Results from measuring neurite length and 
ROS using DCFDA demonstrated that the bacterial 
pigment provided neuroprotection. Our findings were 
consistent with the results from previous 
investigations [28]. Studies suggest that β-carotene 
reduces ROS accumulation and protects neurons 
from oxidative damage. It enhances the expression of 
downstream antioxidant enzymes, contributing to its 
neuroprotective effects [29]. 

Autophagy is a crucial intracellular mechanism 
that removes dysfunctional structures and misfolded 
proteins to maintain cell homeostasis. When 
autophagic activity in neurons is either too high or 
too low, it disrupts balance and reduces neuron 
survival, leading to neurodegeneration. Rotenone has 
been observed to impede autophagic flow before 
inducing cell death [30]. Xiong et al have reported a 
decline in the expression of autophagic markers LC3 
and adaptor protein autophagy P62 in rotenone- 
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treated SH-SY5Y cells. Studies have revealed that 
enhancers of autophagy prevented the toxicity 
induced by rotenone through boosting autophagy in 
SH-SY5Y cells [31]. Induction of autophagy as a 
therapeutic approach for neurodegenerative disorders 
was reported by Djajadikerta A et al [32]. 

Muse Cell Analyzer flow cytometric analysis 
showed that autophagy, which had been suppressed 
by rotenone treatment, was reactivated by pigment 
derived from M. luteus. One common model for 
pathologies similar to PD is rotenone, which is 
known to cause neuronal damage via oxidative stress 
and impaired autophagic flux [33]. In this 
investigation, we found that rotenone exposure 
drastically decreased autophagic activity. It is worth 
noting that the M. luteus pigment revived autophagic 
activity after treatment, which raises the possibility 
that it modulates autophagy and acts as a 
neuroprotective agent. This recovery might be 
because the pigment, which is rich in carotenoids, has 
antioxidant qualities that reduce oxidative stress and 
restore normal autophagic flux. Studies have shown 
that natural antioxidants can counteract rotenone- 
induced autophagy inhibition by diminishing ROS 
accumulation and regulating critical pathways such as 
AMPK-mTOR signaling [34, 35]. Our results indicate 
that M. luteus pigment not only mitigates rotenone- 
induced oxidative injury but may also reinstate cellular 
homeostasis by reactivating autophagy. 

BDNF, a key member of the neurotrophin 
growth factor family, supports the health and 
function of striatal neurons. It promotes their 
development, survival, and adaptability throughout 
life. A reduction in BDNF levels can lead to the 
deterioration of these neurons, causing symptoms 
resembling those of Huntington’s disease, including 
movement, cognitive, and behavioral issues [36]. 
Studies have reported that low levels of BDNF in 
serum may contribute to the etiology of restless legs 
syndrome in PD, suggesting that it may be a valuable 
blood biomarker [37]. BDNF and its receptor 
signaling cascades regulate synaptic plasticity, which is 
crucial to memory and learning. Variations in 
signaling pathways and BDNF levels have also been 
reported in AD [38]. Due to its function in the 
formation and maintenance of the central and 
peripheral nervous systems, BDNF has been 
identified as a potential therapeutic target against PD. 
Individuals afflicted with PD exhibit reduced BDNF 
levels in their bloodstream [39]. 

Natural compounds like phytochemicals, 
found in plants, are noted for their neuroprotective 
properties,  including  their  potential  to  influence 

BDNF levels and activity. Carotenoids such as 
lycopene, astaxanthin, and β-Carotene are lipophilic 
pigments recognized for their powerful antioxidant 
properties. They effectively neutralize ROS, 
protecting neuronal cells from oxidative damage, an 
important factor in the pathogenesis of 
neurodegenerative diseases. Lycopene administration 
has been linked to nerve growth factor production 
and higher BDNF during neurotoxic challenges [40]. 
Lycopene preserves mitochondrial function, 
antioxidant enzyme activity, and animal behavior. In 
preclinical PD models, lycopene exhibits stronger and 
consistent neuroprotection than β-carotene, despite 
both carotenoids exert radical scavenging and anti- 
inflammatory effects [41, 42]. Carotenoids upregulate 
BDNF expression and activate its downstream 
signaling pathways (PI3K/Akt and MAPK/ERK), 
promoting neuronal survival, synaptic plasticity, and 
cognitive function [43]. Fucoxanthin, a natural orange 
carotenoid, is also reported to enhance BDNF 
expression [44]. Direct antioxidant properties and 
neurotrophic support of carotenoids make them 
interesting candidates for treatment and prevention of 
neurodegenerative diseases. Investigating the clinical 
relevance of carotenoid-based treatments in 
neurodegenerative diseases and clarifying the exact 
molecular interactions involved is highly significant. 
So we are planning to pursue the study as a 
continuation of the present work. Our study 
established that the bacterial pigment treatment 
significantly stimulated BDNF mRNA expression in 
rotenone-treated cells. The neuroprotective effect of 
M. luteus pigment was also demonstrated in SH-SY5Y 
neuroblastoma cell lines that were exposed to 
rotenone, which was employed to create a Parkinson's 
disease model. 

 
5. CONCLUSION 

The carotenoid pigment isolated from M. 
luteus exhibits strong neuroprotective effects in 
rotenone-induced SH-SY5Y neuroblastoma cells by 
enhancing cell viability, reducing oxidative stress, 
regulating autophagy, and upregulating BDNF 
expression. These findings suggest that the pigment 
holds promise as a natural therapeutic candidate for 
the management of PD and related neurodegenerative 
disorders. But before going to the translational 
application, in vivo confirmation must be conducted. 
The evidence for the functional increase of BDNF is 
further undermined by the absence of protein-level 
confirmation of its expression by confirmatory tests 
like Western blotting or ELISA. 

. 



Krishnan et al.: Carotenoid Pigment from Micrococcus luteus Confers Neuroprotection 

3070 

 

 

Acknowledgement 
The authors acknowledge the technical 

support (for carrying out FTIR of the pigment) 
received from the Central Laboratory for 
Instrumentation and Facilitation (CLIF), University of 
Kerala, Kariavattom, Thiruvananthapuram, Kerala, 
India. The authors are thankful to all the staff 
members in the Centre for Research on Molecular 
and Applied Science for their assistance in 
undertaking the work 

 
Funding 

This research did not receive any specific 
grant from funding agencies in the public, 
commercial, or not-for-profit sectors. 

Conflicts of interest 
On behalf of all the authors, the 

corresponding author states that there are no conflicts 
of interest. 

 
Data availability statement 

All data generated or analyzed during this 
study are included in this published article. Additional 
datasets are available from the corresponding author 
on reasonable request. 

 
Abbreviations 

 
AD: Alzheimer's disease 
BDNF: Brain-derived neurotrophic factor 
CLIF: Central Laboratory for Instrumentation and 
Facilitation 
DCFDA: Dichloro dihydro fluorescein diacetate 
DMEM: Dulbecco's Modified Eagle's Medium 
DMSO: Dimethyl sulphoxide 
HCCA: α-cyano-4-hydroxycinnamic acid 
MALDI-TOF MS: Matrix-assisted laser desorption 
ionization-time of flight mass spectrometry 
MTT:3-(4,5-dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide 
NCCS: National Centre for Cell Sciences 
PBS: Phosphate buffered saline 
PD: Parkinson's disease 
RA: Retinoic acid 

REFERENCES 

1. Balagurunathan R, Selvameenal L, Radhakrishnan M. 
Antibiotic pigment from desert soil actinomycetes; 
biological activity, purification and chemical screening. 
Indian Journal of Pharmaceutical Sciences [Internet]. 
2009 Jan 1;71(5):499-504. Available from: 
https://doi.org/10.4103/0250-474x.58174 

2. Mogadem A, Almamary MA, Mahat NA, Jemon K, 
Ahmad WA, Ali I. Antioxidant Activity Evaluation of 
Flexirubin Type Pigment from Chryseobacterium 
artocarpi CECT 8497 and Related Docking Study. 
Molecules [Internet]. 2021 Feb 12;26(4):979. Available 
from: https://doi.org/10.3390/molecules26040979 

3. Prashanthi K, Suryan S, Varalakshmi KN. In vitro 
Anticancer Property of Yellow Pigment from 
Streptomyces griseoaurantiacus JUACT 01. Brazilian 
Archives of Biology and Technology [Internet]. 2015 
Dec 1;58(6):869–76. Available from: 
https://doi.org/10.1590/s1516-89132015060271 

4. Mumtaz R, Bashir S, Numan M, Shinwari ZK, Ali M. 
Pigments from Soil Bacteria and Their Therapeutic 
Properties: A Mini Review. Current Microbiology 
[Internet]. 2018 Sep 3;76(6):783–90. Available from: 
https://doi.org/10.1007/s00284-018-1557-2 

5. Lu Y, Malik A, Venil CK, Dufossé L. Fungal and 
Bacterial Pigments: Secondary Metabolites with Wide 
Applications. Frontiers in Microbiology. 2017;8:1113. 
https://doi.org/10.3389/fmicb.2017.01113 

6. Grewal J, Woła̧cewicz M, Pyter W, Joshi N, Drewniak L, 
Pranaw K. Colorful Treasure From Agro-Industrial 
Wastes: A Sustainable Chassis for Microbial Pigment 
Production. Frontiers in Microbiology. 2022;13:832918. 
doi: 10.3389/fmicb.2022.832918 

7. Terao J. Revisiting carotenoids as dietary antioxidants for 
human health: roles of carotenes and xanthophylls in 
singlet-oxygen quenching and membrane interaction. 
Food & Function. 2023;14(8):5789-5800. doi: 
10.1039/D3FO02330C 

8. Numan M, Bashir S, Mumtaz R, Tayyab S, Rehman NU, 
Khan AL, et al. Therapeutic applications of bacterial 
pigments: a review of current status and future 
opportunities. 3 Biotech [Internet]. 2018 Apr 1;8(4). 
Available from: https://doi.org/10.1007/s13205-018- 
1227-x 

9. Jagannadham MV, Rao VJ, Shivaji S. The major 
carotenoid pigment of a psychrotrophic Micrococcus 
roseus strain: purification, structure, and interaction with 
synthetic membranes. Journal of Bacteriology [Internet]. 
1991 Dec 1;173(24):7911–7. Available from: 
https://doi.org/10.1128/jb.173.24.7911-7917.1991 

10. Greenblatt CL, Baum J, Klein BY, Nachshon S, 
Koltunov V, Cano RJ. Micrococcus luteus - Survival in 
Amber. Microbial Ecology [Internet]. 2004 May 
28;48(1):120–7. Available from: 
https://doi.org/10.1007/s00248-003-2016-5 

11. Durães F, Pinto M, Sousa E. Old drugs as new 
treatments for neurodegenerative diseases. 
Pharmaceuticals [Internet]. 2018 May 11;11(2):44. 
Available from: https://doi.org/10.3390/ph11020044 

12. Maia MA, Sousa E. BACE-1 and Γ-Secretase as 



Krishnan et al.: Carotenoid Pigment from Micrococcus luteus Confers Neuroprotection 

3071 

 

 

therapeutic targets for Alzheimer’s disease. 
Pharmaceuticals [Internet]. 2019 Mar 19;12(1):41. 
Available from: https://doi.org/10.3390/ph12010041 

13. Sancho-Bielsa FJ. Parkinson’s disease: Present and future 
of cell therapy. Neurology Perspectives [Internet]. 2022 
Jan 1;2:S58–68. Available from: 
https://doi.org/10.1016/j.neurop.2021.07.006 

14. Fakhoury M. Role of immunity and inflammation in the 
pathophysiology of neurodegenerative diseases. 
Neurodegenerative Diseases [Internet]. 2015 Jan 
1;15(2):63–9. Available from: 
https://doi.org/10.1159/000369933 

15. Surekha PY, P D, Mk SJ, S P, Benjamin S. Micrococcus 
luteus strain BAA2, a novel isolate produces carotenoid 
pigment [Internet]. Electronic Journal of Biology. 2016 
Jan. 12(1):83-89. 

16. Surendran S, Suresh G, Vijayakumar N, Ramachandran 
R. Autophagy and Parkinson’s disease – role of caffeine 
as autophagic stimulator and anti-apoptotic agent 
[Internet]. Nepal Journal of Biotechnology. 2023 
Dec;11(2):57-64. doi:10.54796/njb.v11i2.262. 

17. Jerard C, Michael BP, Chenicheri S, Vijayakumar N, 
Ramachandran R. Rosmarinic acid-rich fraction from 
Mentha arvensis synchronizes Bcl/Bax expression and 
induces G0/G1 arrest in hepatocarcinoma cells. 
Proceedings of the National Academy of Sciences India 
Section B Biological Sciences [Internet]. 2019 Jul 
15;90(3):515–22. Available from: 
https://doi.org/10.1007/s40011-019-01122-9 

18. Ramachandran R, Saraswathy M. Up-regulation of 
nuclear related factor 2 (NRF2) and antioxidant 
responsive elements by metformin protects hepatocytes 
against the acetaminophen toxicity. Toxicology Research 
[Internet]. 2014 Jun 24;3(5):350-8. Available from: 
https://doi.org/10.1039/c4tx00032c 

19. Hancock MK, Kopp L, Kaur N, Hanson BJ. A facile 
method for simultaneously measuring neuronal cell 
viability and neurite outgrowth. Current Chemical 
Genomics and Translational Medicine [Internet]. 2015 
Feb 27;9(1):6–16. Available from: 
https://doi.org/10.2174/2213988501509010006 

20. Almazrooei SS, Ghazala W. Characterization of the 
glyceraldehyde-3-phosphate dehydrogenase gene from 
the desert plant Haloxylon salicornicum using RT-PCR 
amplification and sequencing. Journal of King Saud 
University-Science. 2018;30(4):552-60. 
doi:10.1016/j.jksus.2017.07.004. 

21. Sleiman SF, Henry J, Al-Haddad R, El Hayek L, Abou 
Haidar E, Stringer T, Ulja D, Karuppagounder SS, 
Holson EB, Ratan RR, Ninan I, Chao MV. Exercise 
promotes the expression of brain derived neurotrophic 
factor (BDNF) through the action of the ketone body β- 
hydroxybutyrate. eLife. 2016;5:e15092. 
doi:10.7554/eLife.15092. 

22. Huang C, Zhang Z, Cui W. Marine-Derived natural 
compounds for the treatment of Parkinson’s disease. 
Marine Drugs [Internet]. 2019 Apr 11;17(4):221. 
Available from: https://doi.org/10.3390/md17040221 

23. Iarkov A, Barreto GE, Grizzell JA, Echeverria V. 
Strategies for the treatment of Parkinson’s Disease: 
Beyond dopamine. Frontiers in Aging Neuroscience 

[Internet]. 2020 Jan 31;12. Available from: 
https://doi.org/10.3389/fnagi.2020.00004 

24. Mythri RB, Harish G, Bharath MM. Therapeutic 
potential of natural products in Parkinson’s disease. 
Recent Patents on Endocrine Metabolic & Immune 
Drug Discovery [Internet]. 2012 Aug 1;6(3):181–200. 
Available from: 
https://doi.org/10.2174/187221412802481793 

25. Photometry & reflectometry [Internet]. Sigma-Aldrich. 
Available from: URL 
https://www.sigmaaldrich.com/IN/en/technical- 
documents/technical-article/analytical- 
chemistry/photometry-and-reflectometry/ir-spectrum- 
table 

26. Jain J, Hasan W, Biswas P, Yadav RS, Jat D. 
Neuroprotective effect of quercetin against rotenone‐
induced neuroinflammation and alterations in mice 
behavior. Journal of Biochemical and Molecular 
Toxicology [Internet]. 2022 Jul 13;36(10):e23165. 
Available from: https://doi.org/10.1002/jbt.23165 

27. Oladele JO, Oladiji AT, Oladele OT, Oyeleke OM. 
Reactive oxygen species in neurodegenerative diseases: 
Implications in pathogenesis and treatment strategies. In: 
Biochemistry [Internet]. 2021. Available from: 
https://doi.org/10.5772/intechopen.99976 

28. Lin TK, Chen SD, Chuang YC, Lin HY, Huang CR, 
Chuang JH, et al. Resveratrol Partially Prevents 
Rotenone-Induced Neurotoxicity in Dopaminergic SH- 
SY5Y Cells through Induction of Heme Oxygenase-1 
Dependent Autophagy. International Journal of 
Molecular Sciences [Internet]. 2014 Jan 22;15(1):1625– 
46. Available from: 
https://doi.org/10.3390/ijms15011625 

29. Feng J, Zheng Y, Guo M, Ares I, Martínez M, Lopez- 
Torres B, et al. Oxidative stress, the blood–brain barrier 
and neurodegenerative diseases: The critical beneficial 
role of dietary antioxidants. Acta Pharmaceutica Sinica 
B [Internet]. 2023 Jul 16;13(10):3988–4024. Available 
from: https://doi.org/10.1016/j.apsb.2023.07.010 

30. Mader BJ, Pivtoraiko VN, Flippo HM, Klocke BJ, Roth 
KA, Mangieri LR, et al. Rotenone inhibits autophagic 
flux prior to inducing cell death. ACS Chemical 
Neuroscience [Internet]. 2012 Sep 13;3(12):1063–72. 
Available from: https://doi.org/10.1021/cn300145z 

31. Xiong N, Xiong J, Jia M, Liu L, Zhang X, Chen Z, et al. 
The role of autophagy in Parkinson’s disease: rotenone- 
based modeling. Behavioral and Brain Functions 
[Internet]. 2013 Mar 15;9(13). Available from: 
https://doi.org/10.1186/1744-9081-9-13 

32. Djajadikerta A, Keshri S, Pavel M, Prestil R, Ryan L, 
Rubinsztein DC. Autophagy induction as a therapeutic 
strategy for neurodegenerative diseases. Journal of 
Molecular Biology [Internet]. 2019 Dec 27;432(8):2799– 
821. Available from: 
https://doi.org/10.1016/j.jmb.2019.12.035 

33. Ibarra-Gutiérrez MT, Serrano-García N, Orozco-Ibarra 
M. Rotenone-Induced Model of Parkinson’s Disease: 
Beyond Mitochondrial complex I inhibition. Molecular 
Neurobiology [Internet]. 2023 Jan 3;60(4):1929–48. 
Available from: https://doi.org/10.1007/s12035-022- 
03193-8 

http://www.sigmaaldrich.com/IN/en/technical-


Krishnan et al.: Carotenoid Pigment from Micrococcus luteus Confers Neuroprotection 

3072 

 

 

 
 
 
 
 

34. Nahar L, Charoensup R, Kalieva K, Habibi E, Guo M, 
Wang D, et al. Natural products in neurodegenerative 
diseases: recent advances and future outlook. Frontiers in 
Pharmacology [Internet]. 2025 Mar 19;16. Available from: 
https://doi.org/10.3389/fphar.2025.1529194 

35. Shaikh S, Ahmad K, Ahmad SS, Lee EJ, Lim JH, Beg 
MMA, et al. Natural products in therapeutic management 
of multineurodegenerative disorders by targeting 
autophagy. Oxidative Medicine and Cellular Longevity 
[Internet]. 2021 Jan 1;2021(1):6347792. Available from: 
https://doi.org/10.1155/2021/6347792 

36. Azman KF, Zakaria R. Brain-Derived Neurotrophic 
Factor (BDNF) in Huntington’s Disease: Neurobiology 
and Therapeutic Potential. Current Neuropharmacology 
[Internet]. 2025 Jan 7;23(4):384–403. Available from: 
https://doi.org/10.2174/1570159x22666240530105516 

37. Huang YX, Zhang QL, Huang CL, Wu WQ, Sun JW. 
Association of decreased serum BDNF with restless legs 
syndrome in Parkinson’s disease patients. Frontiers in 
Neurology [Internet]. 2021 Oct 26;12. Available from: 
https://doi.org/10.3389/fneur.2021.734570 

38. Azman KF, Zakaria R. Recent advances on the role of 
Brain-Derived Neurotrophic Factor (BDNF) in 
neurodegenerative diseases. International Journal of 
Molecular Sciences [Internet]. 2022 Jun 19;23(12):6827. 
Available from: https://doi.org/10.3390/ijms23126827 

39. Jiang L, Zhang H, Wang C, Ming F, Shi X, Yang M. Serum 
level of brain-derived neurotrophic factor in Parkinson’s 
disease: a meta-analysis. Progress in Neuro- 
Psychopharmacology and Biological Psychiatry [Internet]. 
2018 Jul 11;88:168–74. Available from: 
https://doi.org/10.1016/j.pnpbp.2018.07.010

 
40. Xu B, Bai L, Chen L, Tong R, Feng Y, Shi J. Terpenoid 

natural products exert neuroprotection via the 
PI3K/Akt pathway. Frontiers in Pharmacology 
[Internet]. 2022 Oct 13;13. Available from: 
https://doi.org/10.3389/fphar.2022.1036506 

41.  Paul R, Mazumder MK, Nath J, Deb S, Paul S, 
Bhattacharya P, Borah A. Lycopene – A pleiotropic 
neuroprotective nutraceutical: Deciphering its 
therapeutic potentials in broad spectrum neurological 
disorders. Neurochemistry
 International. 2020;140:104823. 
doi:10.1016/j.neuint.2020.104823. 

42. Ugbaja RN, Ugwor EI, James AS, Ugbaja VC, 
EzenanduEO. Neuroprotection induced by lycopene. 
In: Natural Molecules in Neuroprotection and 
Neurotoxicity. 1st ed. Elsevier; 2024. p. 1639–67. 
doi:10.1016/b978-0-443-23763-8.00045-2. 

43. Park HA, Hayden MM, Bannerman S, Jansen J, Crowe- 
White KM. Anti-Apoptotic effects of carotenoids in 
neurodegeneration. Molecules [Internet]. 2020 Jul 
29;25(15):3453. Available
 from: https://doi.org/10.3390/molecules25153453 

44. Zhao D, Kwon SH, Chun YS, Gu MY, Yang HO. 
Anti- Neuroinflammatory effects of fucoxanthin via 
inhibition of AKT/NF-ΚB and MAPKS/AP-1 
pathways and activation of PKA/CREB pathway in 
Lipopolysaccharide-Activated BV-2 microglial cells. 
Neurochemical Research [Internet]. 2016 Dec 
8;42(2):667–77. Available from: 
https://doi.org/10.1007/s11064-016-2123-6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 

Cite this article: Krishnan A, Ramachandran R, Rajalekshmi DC, Lekshmy M. Carotenoid pigment from 
Micrococcus luteus confers neuroprotection in a cellular model of Parkinson’s disease via BDNF 
upregulation and oxidative stress reduction. Asian J. Pharm. Health. Sci.. 2025;15(2):3061-3072. 
DOI:10.5530/ajphs.2025.15.78 

     


	1. INTRODUCTION
	2.  METHODS
	2.1 Separation of pigment-producing soil microorganisms
	2.2 Bacterial identification by matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) analysis
	2.3 Bacterial pigment extraction and purification
	2.4 Characterisation by FTIR spectroscopy
	2.5 Cell Lines
	2.6 Neuroprotective property of the pigment
	2.7 Statistical analysis

	3. RESULTS
	3.1 Isolation of bacteria and bacterial pigment
	3.2  Neuroprotective activity of pigment induced by rotenone in SH-SY5Y cells - MTT Assay
	3.3 Autophagy assay
	3.4 Neurite length
	3.5 Analysis of ROS
	3.6 Effect of pigment on the expression of BDNF in SH-SY5Y cells

	4. DISCUSSION
	5. CONCLUSION
	Acknowledgement
	Funding
	Conflicts of interest
	Data availability statement
	Abbreviations

	REFERENCES

