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ABSTRACT
Introduction: Parkinson's disease (PD) is a neurodegenerative disorder majorly associated with movement and behavioral dis-
turbances. Pathologically, the loss of dopaminergic (DA) neurons triggered by the deposition of α-synuclein (SNCA) leads to 
the decrease in dopamine levels affecting motor and cognitive functions of the brain. Current pharmacotherapy for PD only 
addresses its symptoms but is not able to halt its progression. Traditional medicines are being increasingly used for the treatment 
of neurodegenerative disorders.
Aim: The present study investigated the effects of Neurogrit Gold (NG), a herbo-mineral prescription medicine, on a Parkinson's 
model of Caenorhabditis elegans.
Methods: Chemical characterization of NG was performed on HPLC and GC–MS/MS platforms. Evaluation of NG was done in 
the neurotoxicant 6-OHDA-induced N2, BZ555, and NL5901 strains of C. elegans.
Results: It was observed that NG treatment did not hamper the lifespan, survival, and progeny development of C. elegans strains. 
The worms treated with NG were able to resist the deleterious effects of 6-OHDA on survival, progeny development, body bends, and 
chemotaxis in N2 and DA neuron degeneration in BZ555 worms. In NL5901 worms, NG treatment reduced SNCA aggregation, re-
stored lipid content, as well as improved body bends, chemotaxis, and food uptake. Gene expression studies on 6-OHDA exposed and 
NG-treated N2 worms suggest that the neuroprotective effects of NG stem from its ability to regulate genes involved in mitochondrial 
autophagy (pink-1, pdr-1); dopamine synthesis (cat-2); redox (sod-3) and protein folding homeostasis (hsf-1, hsp-12.3).
Conclusion: Neurogrit Gold has robust neuroprotective effects, making it a suitable treatment option against etiologies of 
Parkinson's disease.

1   |   Introduction

Parkinson's disease (PD) is one of the most prevalent neurodegen-
erative disorders mostly observed in 2%–3% of the population aged 

≥ 65 years. In PD, the loss of dopaminergic (DA) neurons in the 
substantia nigra pars compacta region of the brain causes striatal 
dopamine deficiency. Neuronal eosinophilic inclusions known as 
Lewy bodies and the aggregation of α-synuclein (SNCA) protein 
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are the neuropathological hallmarks of PD [1–3]. Clinically, PD 
is majorly characterized by the presence of rigidity (stiffness of 
trunk and limbs); bradykinesia (slowness of movement); tremor 
(trembling in arms, legs, hands, and face); and postural instabil-
ity (impairment in coordination and balance) [4]. Major molecular 
pathologies associated with PD are the proteostasis of SNCA, mi-
tochondrial dysfunction, oxidative stress, aberrant autophagy, and 
loss of nigrostriatal tyrosine hydroxylase (TH) [1, 5, 6]. The current 
approved pharmacological interventions for PD include the use of 
levodopa, monoamine oxidase-B (MAO-B) inhibitors, and dopa-
mine receptor agonists. However, these interventions only provide 
symptomatic relief and are not able to halt the progression of the 
disease [7]. Hence, the development of novel therapeutics that can 
affect all the key molecular pathologies of PD is required.

The nematode Caenorhabditis elegans is used as a model organism 
to screen anti-PD drugs as it amalgamates the ease of cell culture 
with the complexities of multi-cellular organisms without the ethi-
cal obligations related to vertebrate animals. The nematode shares 
60%–80% genetic homology with humans as well as structurally 
and functionally similar DA neuronal pathways, consisting of two 
anterior and two posterior deirid neurons and four anterior ce-
phalic neurons [8]. Various C. elegans models of PD are developed 
either by exposure to neurotoxicants like 6-OHDA or MPP+ or 
by use of transgenic strains to mimic the neuropathologies in PD 
[9]. These worm models exhibit similar phenotypic abnormalities 
observed in PD patients, like reduced levels of dopamine, degen-
eration of dopamine neurons, decreased survival, SNCA aggre-
gation, and movement alterations [10–13]. Transgenic C. elegans 
strains, BZ555 [egIs1 (dat-1p::GFP)] and NL5901 [pkIs2386 (unc-
54p::alphasynuclein::YFP + unc-119(+))] are also used to study the 
localization of DA neurons and SNCA accumulation, respectively 
while screening for anti-PD agents [14].

The use of traditional Ayurvedic medicines for the treatment of 
various ailments has been on the rise [15]. Neurogrit Gold (NG) 
is an Ayurvedic prescription medicine for the treatment of PD. It 
is an herbo-mineral drug comprising extracts of Tinospora cordi-
folia (stem) and Celastrus paniculatus (seed) along with classical 
Ayurvedic preparations, namely Ekangveer Ras, Moti Pishti, Rajat 
Bhasma, Vasant Kusumakar Ras, and Rasraj Ras (Table 1). These 
mineral preparations (Bhasma) are treated with herbal decoction 
or juices and exposed to a certain quantum of heat, as per the clas-
sical ancient medicinal texts of Ayurveda. These formulations have 
been described to treat an array of neurological disorders [16, 17].

The present study investigated the pharmacological effects of 
NG in 6-OHDA exposed N2 C. elegans, along with BZ555 and 
NL5901 strains of the nematode. A thorough chemical charac-
terization of NG was performed by HPLC and GC–MS/MS analy-
sis, and subsequently, its pharmacological effects were assessed. 
The effect of NG was evaluated on the lifespan, adult (%), and 
progeny development in all the strains of C. elegans. Thereafter, 
an assessment of NG against 6-OHDA-induced defects in the 
developmental, motor, and behavioral patterns of N2 worms 
was conducted. Additionally, the BZ555 strain was used to an-
alyze the neuroprotective role of NG against 6-OHDA-induced 
damage to DA neurons. The NL5901 strain of C. elegans was 
also employed to evaluate NG effects on SNCA accumulation, 
lipid deposition, and SNCA-induced impairments in motor and 
behavioral patterns. In parallel experiments, levodopa (L-dopa), 
a standard-of-care PD pharmacotherapy, was used as an exper-
imental control [18] and evaluated with the observed effects 
of NG.

2   |   Materials and Methods

2.1   |   Reagents

NG (batch #ANGG210005) was sourced from Divya 
Pharmacy, India. Standards for HPLC and GC–MS/MS anal-
ysis: Magnoflorine was purchased from Chem faces, China; 
β-Ecdysone was purchased from PHY-proof, Germany; 
Palmatine and Piperine were purchased from Sigma-Aldrich, 
USA; squalene was purchased from TCI, India. Reagents 
5-fluoro-2′-deoxyuridine (FUDR) and 6-Hydroxydopamine hy-
drochloride (6-OHDA) were purchased from Santa Cruz Biotech, 
USA. Ascorbic acid was purchased from SRL, India. The 3-(3,4
-Dihdroxyphenyl)-L-alanine (levodopa, L-dopa) was purchased 
from TCI, India. Nile red was procured from HiMedia, India.

2.2   |   Chemical Analysis of NG on the HPLC 
Platform

500 mg of powdered NG was transferred to a 10 mL volumetric 
flask and 7 mL of methanol and water (80:20) was added to it. 
The solution was sonicated for 30 min, cooled, and diluted with 
the same diluent. The solution was then centrifuged for 5 min at 
5000 rpm and filtered using a 0.45 μm nylon filter. The filtered 

TABLE 1    |    Neurogrit Gold (NG) composition.

S.No. Vernacular name Scientific name Book Ref. Page No. Qty. (mg)/capsule

1 Ekangveer Ras Classical Preparation A.F.I.-I 259 85

2 Moti Pishti Classical Preparation A.S.S. 145–147 34

3 Rajat Bhasma Classical Preparation A.F.I.-I 239–240 34

4 Vasant Kusumakar Ras Classical Preparation A.F.I.-I 80–83 17

5 Rasraj Ras Classical Preparation A.F.I.-I 270 17

6 Giloy stem Extract Tinospora cordifolia B.P.N. 258–259 161

7 Jyotishmati Seed Extract Celastrus paniculatus B.P.N. 86 152

Abbreviations: A.F.I-I, Ayurvedic Formulary of India-I, 2nd Edition; A.S.S, Ayurveda Sar Sangrah, Edition-2010; B.P.N, Bhavprakash Nighantu, Edition-2010.
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solution was used for the analysis. Stock solutions (1000 μg/mL 
each) of Magnoflorine (Potency 98.0% w/w), Palmatine (Potency 
75.4% w/w), β-Ecdysone (Potency 99.9% w/w), and Piperine 
(Potency 99.8% w/w) were prepared by dissolving accurately 
weighed standards in methanol. 0.05 mL of each standard was 
mixed and diluted to 1 mL to prepare a 50 μg/mL concentra-
tion of standard mix working solution. The quantification of 
marker compounds was performed by HPLC (Prominence-i 
LC-2030c 3D Plus, Shimadzu, Japan). The elution was carried 
out at a flow rate of 1.0 mL/min using gradient elution of mo-
bile phase A (0.1% orthophosphoric acid in water; adjust pH 2.5 
by diethylamine) and mobile phase B (Acetonitrile). This ex-
periment was performed on a Shodex C18-4E (4.6 × 250 mm, 
5 μm) column. Gradient programming of the solvent system for 
mobile phase A was set as 95%–90% for 0 to 10 min, 90%–82% 
from 10 to 20 min, 82%–65% from 20 to 30 min, 65%–55% from 
30 to 50 min, 55%–25% from 50 to 60 min, 25%–10% from 60 to 
65 min, 10%–95% from 65 to 66 min, and 95% from 66 to 70 min. 
10 μL of standard and test solution were injected, and column 
temperature was maintained at 35°C. Wavelengths were set at 
270 nm for Magnoflorine, Palmatine, and Piperine and 247 nm 
for β-Ecdysone.

2.3   |   Chemical Analysis of NG on GC–MS/MS 
Platform

Analysis was performed on GC–MS/MS (7000D GC/MS triple 
quad with 7890B GC system) of Agilent-USA with mass hunter 
software. Separation was carried out using an HP-5MS capillary 
column (30 m × 0.25 mm, 0.25 μm). Helium was used as carrier 
gas at a flow rate of 1 mL/min. The temperature of the split in-
jector was 280°C, and the split ratio was 20:1. The injection vol-
ume was 1 μL. The column temperature was set at 70°C (hold 
1 min) and then programmed at 6°C/min to 160°C (hold 3 min), 
followed by 4°C/min to 300°C (hold 6 min). The GC–MS ion 
source temperature was 230°C, and the ionization potential was 
70 eV. 500 mg of NG was diluted in 5 mL of Ethyl acetate and 
mixed well. The solution was centrifuged for 5 min at 8000 rpm, 
filtered through a 0.45 μm nylon filter, and injected. From the 
1000 ppm squalene stock solution, a 100 ppm working standard 
solution in ethyl acetate was prepared.

2.4   |   Chemical Analysis of NG on GC–MS/MS 
Platform for Fatty Acids

Analysis was performed on GC–MS/MS (7000D GC/MS triple 
quad with 7890B GC system) of Agilent-USA with mass hunter 
software. Separation was carried out using an HP-88 capillary 
column (60 m × 0.25 mm, 0.20 μm). Helium was used as carrier 
gas at a flow rate of 1 mL/min. The temperature of the split in-
jector was 240°C, and the split ratio was 500 mL/min. The in-
jection volume was 1 μL. The column temperature was set at 
70°C (hold 3 min) and then programmed at 8°C/min to 230°C 
(hold 7 min). The GC–MS ion source temperature was 230°C, 
and the ionization potential was 70 eV. Sample preparation for 
Fatty Acid Methyl Ester (FAME) as per USP 35 < 401 > Fats and 
fixed oil. Transferred about 128.3 mg of NG to a 50 mL conical 
flask fitted with a suitable water-cooled reflux condenser and 

a magnetic stir bar. Added 4 mL of 0.5 N Methanolic Sodium 
Hydroxide solution and refluxed until fat globules disappeared 
(usually 5–10 min). Added 5 mL of a solution prepared by dis-
solving 14 g of Boron Trifluoride in methanol to make 100 mL, 
swirled to mix, and refluxed for 2 min. Added 4 mL of chro-
matographic n-heptane through the condenser, and refluxed for 
1 min. Cooled, removed the condenser, added 15 mL of saturated 
Sodium Chloride solution, shook, and allowed the layers to sep-
arate. Passed the n-heptane layer through 0.1 g of Anhydrous 
Sodium Sulfate (previously washed with chromatographic n-
heptane) into a suitable flask. Transferred 1.0 mL of this solu-
tion to a 10 mL volumetric flask, diluted with chromatographic 
n-heptane to volume, and mixed. Then transferred 0.05 mL 
Supelco 37 Component FAME MIX reference standard (Product 
ID; CRM47885), diluted in 1 mL n-heptane in GC vial, and in-
jected 1 μL in GC–MS/MS.

2.5   |   Maintenance and Treatment 
of Caenorhabditis elegans

Wild-type Bristol N2 C. elegans, transgenic BZ555 (Pdat-1::GFP), 
NL5901 (Punc-54::-Syn::YFP) worms, and E. coli OP50 were 
procured from Caenorhabditis Genetic Center (University of 
Minnesota). C. elegans were maintained on NGM plates seeded 
with E. coli OP50 at 20°C [19], in the laboratory incubator.

2.6   |   Lifespan, Adult (%), and Fecundity Assay

NG was dissolved in dimethyl sulfoxide (DMSO), and the final 
concentration of DMSO was maintained at < 0.3% in all exper-
iments. For life span assay, age-synchronized L1 (N2, NL5901, 
and BZ555) worms (n = 30) were exposed to different pharmaco-
logical doses of NG (1, 3, 10, 30, and 100 μg/mL) on E. coli OP50 
seeded NGM plate containing 50 μM FUDR (used to prevent 
progeny production) [20]. After every 5 days, live worms were 
scored manually by gentle prodding using a metal loop. The life 
span assay was assessed by the endpoint of the percentage of 
survived worms with three independent experiments. NG doses 
3, 10, and 30 μg/mL were used for further studies.

For adult (%), L1 (N2, NL5901, BZ555) worms were treated with 
different doses of NG (3, 10, and 30 μg/mL) on an NGM plate 
seeded with E. coli OP50 until they reached the L4 larval stage. 
The determination of adult (%) was done by counting the num-
ber of worms on Day 1 that developed into adult worms on Day 
5. Worms were scored manually using the ZEISS Stemi 305 ste-
reo microscope (Carl Zeiss).

In the Fecundity assay (number of progeny), L1 (N2, NL5901, 
BZ555) worms were treated with different doses of NG (3, 10, 
and 30 μg/mL) on NGM plates seeded with E. coli OP50. After 
exposure, L4 adult worms were transferred to NGM plates with 
or without NG and allowed to lay eggs for 24 h. After 24 h, par-
ent worms were removed from the plates, and the progeny were 
allowed to develop for the next 48 h; thereafter, progeny were 
counted manually using the ZEISS Stemi 305 stereo microscope 
(Carl Zeiss). Data were presented as mean ± Standard Error of 
the Mean (SEM).
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2.7   |   Treatment of C. elegans

Synchronized N2 and BZ555 worms (L1-stage) were exposed 
to different doses of NG (3, 10, and 30 μg/mL) or L-dopa (2 mM) 
for 24 h. After incubation, the worms were transferred to an 
NGM plate seeded with E. coli OP50 with or without 50 mM 
6-OHDA and 10 mM ascorbic acid and treated with NG (3, 10, 
and 30 μg/mL) or L-dopa (2 mM). After 5 days of exposure, 
different toxicity parameters (adult % and Fecundity assay) 
were analyzed. Ascorbic acid (10 mM) was added during 6-
OHDA exposure to minimize its auto-oxidation. In the case 
of NL5901 strain of C. elegans, treatment with NG (3, 10, and 
30 μg/mL) or L-dopa (2 mM) was performed for 5 days. Unless 
specified otherwise, this treatment procedure was kept the 
same for further analysis.

2.8   |   Assessment of DA Neuron Degeneration

After treating the BZ555 worms with 6-OHDA and NG/L-dopa, 
the green fluorescent images were captured by an Olympus 
BX43 microscope equipped with an FITC filter and a Mantra 
imaging platform (PerkinElmer) and further processed on the 
Inform 2.2 software suite (PerkinElmer) and the fluorescence 
intensity in the head region of 8 worms was quantified using 
ImageJ software (NIH).

2.9   |   Body Bend Behavior and Chemotaxis

The treated worms were washed with M9 buffer [21] and trans-
ferred on NGM plate without food. After a 1 min recovery pe-
riod, the body bend of individual worms was scored manually 
for 30 s under a stereo microscope. The experiment was repeated 
thrice with 10 worms for each group. A chemotaxis assay was 
performed on a 60 mm NGM plate. 100% ethanol was added to 
the attractant spot and 1% SDS was added to the repellent spot be-
fore the assay. Sodium azide (10 μL of 125 mM) was added 10 min 
before the assay at the gradient peak to immobilize the worms. 
After exposure, treated worms were washed with M9 buffer and 
30 worms were placed at the center of the NGM plate. Worms 
were allowed to move over the agar surface for 2 h. After that, 
worms were scored on each gradient peak and the chemotaxis 
index (CI) was calculated. Data were presented as mean ± SEM.

2.10   |   Determination of Food Uptake

Food uptake in C. elegans was quantified by exposing ~1000 
NL5901 L1 worms in a liquid medium (bacteria suspended in 
M9 medium with or without NG or L-dopa). The optical density 
of the suspension was measured at 0 h and 72 h at 600 nm. Data 
were presented as mean ± SEM.

2.11   |   SNCA Protein Aggregation and Nile Red 
Staining

SNCA protein aggregation and Nile red staining were assessed in 
untreated, NG (30 μg/mL) or L-dopa (2 mM) treated transgenic 

NL5901 worms. A stock solution of 500 μg/mL Nile Red was pre-
pared in acetone and further diluted 1:500 in the E. coli OP50 
suspension used as food for worms. After exposure, adult worms 
(Day 3) were transferred onto the Nile red-stained E. coli OP50-
seeded plates and allowed to grow for 24 h at 20°C in the dark. 
Thereafter, worms were washed, and images were captured for 
SNCA aggregation and Nile red by FITC and Texas red filters 
by Olympus BX43 microscope equipped with a Mantra imaging 
platform (PerkinElmer) and further processed on Inform 2.2 
software suite (PerkinElmer). Images of 10 individual worms 
were taken at 100 × magnification and quantified using ImageJ 
software (NIH).

2.12   |   Gene Expression Analysis

Post-treatment, C. elegans were placed in TRIzol. RNA isola-
tion, cDNA synthesis, and real time (RT)-PCR were performed 
as previously described [19]. The intensity of fluorescence was 
captured at each cycle using a Real-Time System Machine 
(qTOWER3G, Analytik-Jena). Primers used for the study are 
mentioned in Table 2. The act-1 gene was used as a housekeep-
ing gene.

2.13   |   Data Analysis

Data were expressed as the mean ± SEM and were derived from 
at least three independent experiments. Analyses were con-
ducted using GraphPad Prism 8.0 software. The normality of 
the data was ascertained using the Shapiro–Wilk test and the 
Kolmogorov–Smirnov test. The Kaplan–Meier method was em-
ployed for the lifespan analysis. Statistical significance was eval-
uated using one-way ANOVA and the Kruskal-Wallis test with 
Dunnett's post hoc analysis.

TABLE 2    |    Primer sequences for real time PCR.

Gene name Sequence

pink-1 Fd CAAGGCGAGCCTGAAAGGA

pink-1 Rev GCCGAGAATATTTCCCGCCA

pdr-1 Fd GACTACAAGGTGATCTCAGCGA

pdr-1 Rev CGTGGCATTTTGGGCATCTT

sod-3 Fd AGCATCATGCCACCTACGTGA

sod-3 Rev CACCACCATTGAATTTCAGCG

cat-2 Fd GCCAATGTTCTCGGATCCAC

cat-2 Rev CCGTCGACAGCTTCTCAATG

hsp-12.3 Fd GCCATTCCAGAAAGGAGATG

hsp-12.3 Rev CGTTTGGCAAGAAGTTGTGA

hsf-1 Fd ATGCAGCCAGGATTGTCGAA

hsf-1 Rev GCACGTTTTGAGTTGGGTCC

act-1 Fd ACGACGAGTCCGGCCCATCC

act-1 Rev GAAAGCTGGTGGTGACGATGGTT
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3   |   Results

3.1   |   Chemical Characterization of NG

The chemical characterization in NG performed using HPLC 
showed the presence of bioactive compounds as follows: 
Magnoflorine (RT: 12.28 min), Palmatine (RT: 25.55 min), β-
Ecdysone (RT: 27.22 min), and Piperine (RT: 56.12 min) (Figure 1 
and Table 3). Further, the ethyl acetate extract of NG was quan-
tified by GC–MS/MS analysis to identify its fatty acid contents 
based on their RT and mass-charge ratio (m/z) (Figure 2A). The 
GC–MS/MS analysis of the ethyl acetate extract of NG (Figure 2A 
and Table  3) revealed the presence of fatty acids, viz. Myristic 
acid (RT: 18.609 min), Palmitic acid (RT: 20.441 min), Stearic acid 
(RT: 22.077 min), Oleic acid (RT: 22.538 min), Linoleic acid (RT: 
23.205 min), and Linolenic acid (RT: 24.001 min). In addition, the 
n-heptane extract of NG was also analyzed using GC–MS/MS, 
and 16 major phytochemicals were identified (Table 4). Squalene 
(RT: 46.712 min) was found to be one of the major compounds 
present in NG among these phytochemicals (Figure 2B).

3.2   |   Determination of NG Dose Range 
for C. elegans Treatment by Analyzing Lifespan, 
Adult (%), and Progeny Development

Primarily, for the selection of the optimal dose of NG, N2 (wild 
type), NL5901 (transgenic), and BZ555 (transgenic) strains of 

C. elegans were exposed to different doses of NG (1–100 μg/mL). 
NG treatment on N2 worms from the L1 larval stage resulted 
in a decrease in lifespan at the 100 μg/mL dose of NG, whereas 
no major difference was observed at the other tested doses (1, 3, 
10, and 30 μg/mL) compared to untreated worms (Figure 3A). 
In parallel, an increase in percent survival was observed in all 
the NG doses (1, 3, 10, 30, and 100 μg/mL) in NL5901 worms 
(Figure 3B). In BZ555 worms, percent survival at tested doses 
was either unaltered or found to be enhanced (specifically at 10 
and 30 μg/mL) (Figure  3C). Based on lifespan experiments, it 
was found that NG up to a dose of 30 μg/mL was well-tolerated 
for all variants of C. elegans used in this study. On that basis, 
NG doses of 3, 10, and 30 μg/mL were selected for further ex-
perimentation. For added validation, the effect of NG (3, 10, and 
30 μg/mL) was also evaluated on adult (%) and Progeny devel-
opment on N2 worms (Figure 4A,B), transgenic NL5901 worms 
(Figure 4C,D) and BZ555 worms (Figure 4E,F). It was observed 
that NG at these selected doses had no adverse effects on the 
lifespan, adult (%), and normal reproduction cycle of C. elegans. 
Therefore, further studies were conducted at these selected 
doses of NG.

3.3   |   NG Protected N2 Worms From 6-OHDA 
Induced Toxicity

6-OHDA has been well reported in pre-clinical animal models 
of PD, as it is known to lower dopamine levels and impair motor 

FIGURE 1    |    Chemical analysis of Neurogrit Gold (NG) by HPLC. Overlap chromatogram of standard mix (blue line) and NG (pink line) at 247 and 
270 nm wavelengths. Quantification of these compounds is mentioned in Table 3.
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functions, the major PD hallmarks [22]. A schematic represen-
tation of the effects of NG on various toxicity and behavior pa-
rameters of N2 worms exposed to 6-OHDA has been illustrated 
in Figure 5A. In the C. elegans, stimulation of 6-OHDA (50 mM) 
significantly (p < 0.0001) reduced adult (%) and progeny devel-
opment. NG treatment significantly (p < 0.0001) enhanced the 
adult (%) and progeny development at 10 and 30 μg/mL doses of 
NG in worms exposed to 6-OHDA (Figure 5B,C). Motor deficits 
and degeneration of sensory functions (distinctive clinical char-
acteristics of PD) could be analyzed by evaluation of body bends 
and CI in C. elegans [9]. Upon the evaluation of 6-OHDA-induced 
defects in body bends, it was observed that there was a signifi-
cant (p < 0.0001) reduction in the body bends; however, in worms 
treated with NG exhibited a significant (p < 0.0001) protection was 
exhibited (Figure 5D). DA neuron signaling regulates several be-
haviors in C. elegans, including chemo-perception, which can be 
analyzed by evaluation of CI [23]. It was observed that in 6-OHDA 
exposed N2 worms, the CI decreased significantly (p < 0.001) but 
upon the addition of NG, it increased significantly (p < 0.0001) in a 
dose-dependent manner (Figure 5E). Treatment with L-dopa also 
showed similar observations (Figure 5B,E). Taken together, NG 
treatment was able to reduce the toxic neurodegenerative insults 
of 6-OHDA in C. elegans.

3.4   |   NG Prevented 6-OHDA Induced Degeneration 
of Dopaminergic Neurons

The neurotoxicant 6-OHDA selectively induces the degeneration 
of DA neurons [22, 24, 25]. The damage in DA neurons was ob-
served using the GFP-tagged transgenic strain BZ555. Untreated 
worms showed bright GFP fluorescence in the cell bodies and 
dendrites from the nerve ring to the anterior region of the phar-
ynx. The exposure of 50 mM 6-OHDA in worms showed damage 

in the DA neurons, with significantly (p < 0.0001) reduced rela-
tive mean fluorescence intensity (Figure  6A,B). Treatment with 
NG also significantly (p < 0.0001) elevated the resistance of DA 
neurons to 6-OHDA at 10 and 30 μg/mL, as observed from the 
increase in GFP intensity. L-dopa-treated worms showed similar 
results (Figure 6A,B). Taken together, NG treatment reduced the 
6-OHDA-induced degeneration of DA neurons.

3.5   |   NG Prevented Accumulation of α-Synuclein 
(SNCA) and Increased Lipid Deposition in NL5901 
Strain of C. elegans

In order to evaluate NG against SNCA accumulation, the 
NL5901 strain of C. elegans was utilized. Lewy bodies are 
mostly composed of aggregated SNCA, and the growth of 
Lewy bodies in the brain is one of the distinguishing fea-
tures of Parkinson's disease patients [26]. A remarkable re-
duction of SNCA accumulation in the body wall muscles of 
NL5901 worms was observed with NG (30 μg/mL) treatment 
(Figure  7A). NL5901 worms treated with NG (30 μg/mL) ex-
hibited a significantly (p < 0.0001) lower SNCA fluorescence 
intensity compared to untreated NL5901 worms (Figure 7B). 
Lipid peroxidation in response to SNCA accumulation is re-
sponsible for the decline in lipid moieties required for neu-
rotransmission in the CNS [27, 28]. Upon evaluation of lipid 
levels in SNCA-expressing worms and those treated with NG, 
it was observed that lipid levels inside the NG-treated worms 
were visibly higher compared to untreated ones (Figure 7A). 
The NL5901 worms treated with NG or L-dopa displayed a 
significant (p < 0.0001 or p < 0.05) increase in Nile red fluo-
rescence intensity (Figure  7C). Hence, it was observed that 
the SNCA-related pathologies of PD could be mitigated by NG 
treatment.

TABLE 3    |    Quantified compounds in Neurogrit Gold by HPLC and GC–MS/MS.

S.No. Name of Compounds
Retention Time 

(RT) (min)
Molecular Formula 

of Compounds
Content in 

Neurogrit Gold

HPLC

1 Magnoflorine 12.28 C20H24NO4 1.12

2 Palmatine 25.55 C21H22NO4 0.05

3 β-Ecdysone 27.22 C27H44O7 1.93

4 Piperine 56.12 C17H19NO3 1.92

GC–MS/MS

5 Myristic acid 18.609 C14H28O2 0.04

6 Palmitic acid 20.441 C16H32O2 1.19

7 Stearic acid 22.077 C18H36O2 0.18

8 Oleic acid 22.538 C18H34O2 1.26

9 Linoleic acid 23.205 C18H32O2 0.59

10 Linolenic acid 24.001 C18H30O2 0.63

11 Squalene 46.712 C30H50 0.079

Note: Bioactive compounds 1–4 were identified through HPLC (Figure 1) and are expressed in μg/mg, whereas compounds from 5 to 11 were detected through GC– 
MS/MS (Figure 2A,B) and are expressed in % w/w.

https://www.sciencedirect.com/topics/medicine-and-dentistry/dopamine-agonist


7 of 18

3.6   |   NG Improved Dopamine-Dependent 
Behavior in NL5901 Strain of C. elegans

Mutant SNCA transgenic C. elegans display a behavioral pheno-
type of decreased mobility, food-sensing behavior, and chemo-
taxis. This behavior is a dopamine-specific adaptive response 
to food intake by the worms [29–31]. As observed before in 
6-OHDA-induced N2 worms, the motor and chemosensory pa-
rameters, namely body bends and CI, also showed a significant 
(p < 0.0001) increase upon treatment with NG in NL5901 worms 
(Figure 8A,B). Furthermore, as deficits were observed in the che-
mosensory behavior of the NL5901 worms, the amount of their 
food uptake was also observed. Initially, no significant change 
was observed in the levels of food uptake at 0 h. So, the baseline 

was similar for all the treatment groups. Next, it was observed that 
after 72 h treatment of NG (30 μg/mL) or L-dopa, the food uptake 
was significantly (p < 0.0001) enhanced, as found from the re-
duction in optical density of bacteria left in the plate (Figure 8C). 
Taken together, NG can ameliorate the characteristics of PD by 
enhancement of mobility and chemosensory behavior.

3.7   |   NG Enhanced Expression of Genes Involved 
in the Maintenance of Mitochondrial Health 
and Redox Homeostasis

The expression of pink-1 and pdr-1, genes responsible for the auto-
phagy of defective mitochondria [32], was significantly (p < 0.05) 

FIGURE 2    |    GC–MS/MS-based chemical characterization of Neurogrit Gold (NG). (A) Overlap chromatogram of the identified fatty acids in 
NG (pink line) and standard mix (blue line). (B) Chromatogram of the identified compounds in NG (pink line). The identified squalene was further 
quantified by its standard (blue line). Quantification of these compounds is mentioned in Table 3. Further details of qualitative analysis have been 
mentioned in Table 4.
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downregulated in 6-OHDA-exposed nematodes. In the presence 
of NG (30 μg/mL) the gene expression significantly (p < 0.05) 
increased (Figure 9A,B). The cat-2 gene, which encodes for ty-
rosine hydroxylase involved in the synthesis of dopamine [33] 
was found to be significantly (p < 0.001) downregulated upon 
6-OHDA exposure to nematodes. In the NG-treated group, its 
expression (NG 30 μg/mL; p < 0.001) was increased (Figure 9C). 
Redox imbalance in C. elegans is majorly absolved by superoxide 
dismutase-3 (sod-3) [19]. The sod-3 gene expression was signifi-
cantly (NG 30 μg/mL; p < 0.05) upregulated post-treatment with 
NG (Figure  9D). The expression of hsf-1 (p < 0.0001) and hsp-
12.3 (p < 0.01), genes involved in the management of proteotoxic 
stress [14], were significantly decreased upon 6-OHDA expo-
sure, but treatment with NG significantly increased the expres-
sion of hsf-1 (NG 10 and 30 μg/mL; p < 0.05) and hsp-12.3 (NG 
30 μg/mL; p < 0.001) (Figure 9E,F). Thus, NG treatment might 
be able to resist the neurodegenerative changes due to the loss 
of DA neurons.

4   |   Discussion

Parkinson's disease (PD) is the second most common neuro-
degenerative disorder [34]. The current pharmacotherapies 
for PD majorly provide only symptomatic relief and have 
been associated with major adverse effects like impulsive and 
compulsive behavior, dyskinesia, hallucinations, and motor 
complications [7, 35]. Medicines from ethnopharmacological 

origins are being increasingly utilized to treat PD due to their 
safety and multifaceted bioactivities [34, 36]. The current 
study investigated the anti-Parkinsonism activity of the herbo-
mineral Ayurvedic prescription medicine NG. The chemical 
characterization of NG revealed the presence of bioactives 
like magnoflorine, palmatine, β-ecdysone, piperine, myristic 
acid, palmitic acid, stearic acid, oleic acid, linoleic acid, lino-
lenic acid, and squalene. These compounds are known to be 
effective against molecular etiologies of PD [37–42]. To fur-
ther characterize the pharmacological properties of NG, it was 
evaluated in vivo on various strains of C. elegans. Prior to the 
evaluation of the bioactivity of NG, its effect on the survival, 
adult (%), and progeny development was assessed on the N2, 
NL5901, and BZ555 strains of C. elegans. This was done to rule 
out any confounding bias in the obtained results. It was ob-
served that at the selected doses, NG treatment did not alter 
the normal lifespan, growth, and reproduction parameters of 
the C. elegans.

PD-like pathologies can be induced in C. elegans by the neuro-
toxin 6-OHDA, which selectively abolishes DA neurons by in-
ducing oxidative stress and mitochondrial damage [32, 34, 43]. 
The C. elegans (N2) exposed to 6-OHDA showed a decline in 
adult (%) and egg-laying capacity, which were improved by 
NG treatment in a dose-dependent manner. Progressive loss 
of muscle mass and function (Sarcopenia) is observed in older 
adults with PD. In C. elegans, sarcopenia corresponds to re-
duced mobility that can be assessed by counting the number 

TABLE 4    |    Identified compounds in Neurogrit Gold by GC–MS/MS.

S.No. Name of Compounds
Retention Time 

(RT) (min)
Molecular Formula 

of Compounds Area % Score

1 Methyl 14-methylpentadecanoate 28.16 C17H34O2 1.22 85.51

2 Linolelaidic acid, methyl ester 32.239 C19H34O2 2.91 89.27

3 Linoleoyl chloride 32.39 C18H31ClO 9.55 90.69

4 cis-Z-.alpha.-Bisabolene epoxide 46.551 C15H24O 5.93 66.86

5 Squalene 46.712 C30H50 7.66 87.57

6 Piperine 47.995 C17H19NO3 7.74 67.65

7 [3,3-Dimethyl-2-(3-methylbuta-1,3-
dienyl)cyclohex-1-enyl]methanol

49.408 C14H22O 10.84 67.4

8 1-Heptatriacotanol 49.696 C37H76O 5.97 71.34

9 E-2-Hexenyl benzoate 49.947 C13H16O2 11.42 68.17

10 2-Furoic acid, tridec-2-ynyl ester 50.13 C18H26O3 10.74 70.57

11 Undec-10-ynoic acid, tridec-2-yn-1-yl ester 50.762 C24H40O2 3.90 72.85

12 5,8,11,14-Eicosatetraenoic acid, 
methyl ester, (all-Z)—

50.888 C21H34O2 3.58 73.58

13 2-(7-heptadecynyloxy)tetrahydro-2H-Pyran 51.615 C22H40O2 9.80 67.21

14 7,11-Hexadecadienal 51.948 C16H28O 2.86 71.69

15 cis-5,8,11,14,17-Eicosapentaenoic acid 52.529 C20H30O2 3.45 71.55

16 cis-8,11,14-Eicosatrienoic Acid 56.381 C20H34O2 2.40 73.64

Note: Bioactive compounds identified in Neurogrit Gold through GC–MS/MS, as deciphered from the chromatogram shown in Figure 2B.
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of body bends per unit time [10]. When C. elegans were ex-
posed to 6-OHDA, a reduction occurred in their number of 
body bends, whereas in the worms co-exposed with NG, the 
number of body bends got normalized. This might be due to 
the presence of Tinospora cordifolia in NG, which is known 
to restore behavioral changes in locomotion in rats induced 
with 6-OHDA [44]. Nearly 90% of PD patients exhibit symp-
toms of olfactory bulb dysfunction due to the loss of DA neu-
rons. In C. elegans, this can be observed by the measurement 
of attractive or repulsive chemotaxis, which is dependent upon 
functional chemotaxis [23, 45]. It was observed that worms ex-
posed to 6-OHDA had a negative CI, i.e., they were not able 

to differentiate between attractants and repellents; however, 
worms treated with NG showed a dose-dependent increase in 
CI. Palmitic acid, a major constituent in NG, was also observed 
to alleviate neurotoxicity induced by 6-OHDA in C. elegans 
[46]. As the neurotoxin 6-OHDA explicitly degrades the nigral 
dopamine neurons [47], the neuroprotective efficiency of NG 
was also analyzed in the BZ555 worms. It was observed that 
upon exposure to 6-OHDA in BZ555 worms, the GFP intensity 
of their DA neurons decreased; however, in the presence of NG, 
the intensity increased and was normalized at higher doses. 
This effect of NG can be in response to the presence of Piperine 
as one of its components. Piperine is reported to protect against 

FIGURE 3    |    Lifespan analysis. Analysis of lifespan of (A) N2, (B) NL5901, and (C) BZ555 strain of C. elegans cultured with different doses of 
Neurogrit Gold (NG) (1, 3, 10, 30, and 100 μg/mL) as obtained by Kaplan–Meier survival analysis.
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6-OHDA-induced PD in a rat model [48]. Additionally, as NG 
contains gold nanoparticles (Swarna Bhasma), its pharmaco-
logical effects will be further bolstered due to better penetra-
tion through the blood–brain barrier [49, 50].

Lipid moieties in the central nervous system are vital for neu-
rotransmission. Although most energy consumed by brain 
cells comes from glucose, lipids provide nearly 20% of the total 
energy consumption of the adult brain. Lipids are associated 
with several PD etiologies, like oxidative stress, endoplasmic 
reticulum stress, and endosomal-lysosomal defects. Changes 
in lipid composition or content vastly modify the key processes 

involved in the maintenance of normal neuronal functions 
[51]. The temporal and spatial aspects of cellular signaling can 
be modulated by lipid components that can change protein lo-
cation and scaffolding events by the dynamic control of mem-
brane microdomains. Disarrayed cellular signaling is majorly 
linked with almost every neurodegenerative disease [52]. It 
has also been reported that alterations in the lipid specific-
ity of SNCA cause disruptions in the complex network of syn-
aptic machinery. SNCA oligomers induce lipid peroxidation, 
which disrupts normal cell signaling. Nile red, a lipophilic 
dye, stains lysosome-lipid compartments in the intestine, 
which allows for the study of lysosomal degradation of SNCA 

FIGURE 4    |    Neurogrit Gold (NG) treatment showed no adverse effect on adult survival and progeny development. Worms were treated with NG 
(3, 10, and 30 μg/mL) and the adult (%) and progeny development was assessed for (A,B) N2, (C,D) NL5901, and (E,F) BZ555 strain.
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in C. elegans [27, 28]. The NL5901 strain of the nematode per-
mits direct monitoring of SNCA aggregation throughout the 
lifespan of the worm as it mimics the SNCA aggregation found 
in Lewy bodies [10]. It was observed that NG decreased the 
SNCA accumulation and also increased the Nile red intensity. 
This might be due to the presence of Celastrus paniculatus, a 
component of NG that is reported to reduce SNCA accumu-
lation and lipid peroxidation in various pre-clinical studies 
[53, 54]. To further validate the anti-PD bioactivities of NG, 
the defects in motor and sensory-related pathways were also 
evaluated in NL5901 by assessment of body bends and CI. It 

was observed that NG treatment enhanced the body bends and 
chemotaxis parameters in a dose-dependent manner. This can 
be correlated to the presence of Rajat Bhasma in NG, which 
is traditionally used for the treatment of Parkinsonism [55]. 
In C. elegans, pink-1 (ortholog of human PINK1) is responsible 
for the maintenance of the morphology, function, and quality 
of mitochondria. PINK1 contains a mitochondrial targeting 
sequence that, under normal conditions, facilitates the trans-
location of PINK1 to mitochondria, where it senses reactive 
oxygen species and initiates mitophagy [56]. It is also related 
to the anti-apoptotic activity of dopaminergic neurons. Pdr-1 

FIGURE 5    |    Neurogrit Gold (NG) treated N2 worms resisted the deleterious effects of the neurotoxicant 6-OHDA. (A) Experimental design and 
treatment durations. NG (3, 10, and 30 μg/mL) normalized the toxic effects of 6-OHDA (50 mM) on (B) Adult (%), (C) Progeny development, (D) Body 
bends, and (E) CI. L-dopa (2 mM) was used as a positive control. Data represented as mean ± SEM. The significance of data with respect to the un-
treated (UN) is represented as ####p < 0.0001, and with respect to 6-OHDA (50 mM) is represented as ****p < 0.0001; ***p < 0.001, and *p < 0.05.
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(ortholog of human Parkin) found in C. elegans is known to 
be inactivated in the brains of PD patients. It is responsible 
for the elimination of dysfunctional mitochondria by enhanc-
ing autophagy [32]. PDR-1/parkin acts downstream of PINK-1 
and functions by ubiquitylating outer mitochondrial mem-
brane proteins for their recognition by mitophagy receptors 
[57]. Aging induces defects in PINK-1 dependent mitophagy 

by upregulation of Miro, an outer mitochondrial membrane 
protein. Miro increases mitochondrial mobility, which com-
promises mitophagy initiation [58].

Mitochondrial dysfunction and impairment in mitophagy 
are the cardinal pathological hallmarks of PD [58, 59]. It is 
reported that the expression of PINK1 and Parkin is reduced 

FIGURE 6    |    Neurogrit Gold (NG) rescued dopaminergic (DA) neurons from 6-OHDA-induced degeneration in transgenic BZ555 strain of C. el-
egans. Post 24 h pre-treatment with NG (3, 10, and 30 μg/mL) and later 5 days exposure of 50 mM 6-OHDA along with NG (3, 10, and 30 μg/mL) or 
L-dopa (2 mM) the BZ555 strain of worms were analyzed for changes in expression of DA neurons. (A) GFP expression pattern in DA neurons of 
BZ555. (B) Graphical representation of the fluorescence intensity of DA neurons as quantified by Image J. Data represented as mean ± SEM. The sig-
nificance of data with respect to the untreated (UN) is represented as ####, p < 0.0001 and with respect to 6-OHDA (50 mM) is represented as ****, 
p < 0.0001, and **, p < 0.01.
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in 6-OHDA-induced DA neurons [60]. In the current study, 
it was also observed that the expression of pink-1 and pdr-1 
in 6-OHDA-exposed C. elegans decreased, but in NG-treated 
worms, it increased dose-dependently. This effect by NG 
can be correlated to the presence of herbo-mineral nanopar-
ticles (Bhasma) of copper, iron, mica, silver, and gold in 

its formulation, which are known to promote autophagy 
[16, 17, 61, 62]. Another gene directly related to the PD-like 
pathology in C. elegans is cat-2, which encodes tyrosine hy-
droxylase, a rate-limiting enzyme for dopamine synthesis [33].  
It was observed that upon 6-OHDA exposure, cat-2 expression 
decreased in the nematodes. However, in the presence of NG, 

FIGURE 7    |    Neurogrit Gold (NG) arrested α-synuclein (SNCA) aggregation and increased lipid deposition in NL5901 strain of C. elegans. (A) SNCA 
accumulation (GFP) and Nile red based evaluation of lipid deposition in NG (30 μg/mL) or L-dopa (2 mM) treated NL5901 worms. Quantification of 
the (B) SNCA and (C) Nile red fluorescence intensity as observed by Image J. Data represented as mean ± SEM. The significance of data with respect 
to the untreated (UN) is represented as ****p < 0.0001; ***p < 0.001, and *p < 0.05.
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the worms showed a normalized expression of cat-2. Exposure 
to 6-OHDA causes mitochondrial failure by inhibition of com-
plex I of the mitochondrial electron transport chain, which 
results in elevated oxidative stress and ultimately damage 
to DA neurons [33]. The treatment with NG decreased the 
6-OHDA-induced alterations in the levels of sod-3, hsp-12.3, 
and hsf-1, which are involved in the reduction of oxidative 
stress, prevention of SNCA misfolding, and degradation of 
SNCA, respectively [14]. This bioactivity of NG plays an essen-
tial role in halting the progression of PD. These effects of NG 
might be due to the presence of Moti pishti, which contains 

mineral pearl powder, known to reduce oxidative stress and 
target proteins involved in pathways of PD [63, 64].

Despite these data describing anti-PD properties of NG in 
C. elegans-based PD models, some limitations should be consid-
ered while interpreting the findings of this study. It should be 
acknowledged that C. elegans-based models represent some fac-
ets of PD and do not depict the multifaceted pathophysiology of 
PD as observed in humans. In addition, the anti-PD properties 
of NG observed in this study could well be investigated in mam-
malian models, with diverse endpoints.

FIGURE 8    |    Neurogrit Gold (NG) treatment enhanced mobility, chemosensory, and food uptake behavior of NL5901 strain of C. elegans. NG (3, 10, 
and 30 μg/mL) or L-dopa (2 mM) treatment enhanced (A) Body bends, (B) Chemotaxis index, and (C) Food uptake parameters of NL5901 worms. Data 
represented as mean ± SEM. The significance of data with respect to the untreated (UN) is represented as ****p < 0.0001, and *p < 0.05.



15 of 18

In summary, NG was observed to have bioactivity against PD 
as assessed in various strains of C. elegans. Most of the phar-
macological effects of NG were at par with those of levodopa, 
which is considered to be the standard pharmacotherapy for PD. 
However, the side effects of levodopa, like dyskinesia, peripheral 
neuropathy, cognitive decline, and osteoporosis, limit its long-
term use [65]. Taken together, NG exhibited robust multifaceted 
effects against phenotypes associated with Parkinsonian etiol-
ogies. Collectively, these outcomes could pave the way for the 

in-depth clinical assessments of NG in patients with Parkinson's 
disease.
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