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Abstract: The development of neuroprotective agents constitutes one of the most promising 
strategies to treat neurodegenerative disorders, such as Parkinson’s disease (PD). Oxidative stress 
(OS) is a major contributor to the death of dopaminergic neurons in PD. In the present work, we 
investigated the effect of aqueous extracts of three Argentinian medicinal plants, Agalinis genistifolia 
(Cham. & Schltdl.) D’Arcy, Cyclolepis genistoides Gillies ex D. Don and Margyricarpus pinnatus (Lam.) 
Kuntze, on cellular models of metal-induced OS. These species have been traditionally used to treat 
PD-related symptoms, such as paralysis for A. genistifolia, and inflammation for C. genistoides and 
M. pinnatus. To evaluate the potential neuroprotective activity of the aqueous extracts, we used the 
human neuroblastoma cell line IMR-32 exposed to ferric ammonium citrate (FAC) as OS inducer. 
Whereas cells exposed to FAC exhibited increased levels of reactive oxygen species (ROS) after the 
treatment with A. genistifolia and M. pinnatus (50 µg/mL extract), the exposure to C. genistoides extract 
at 20 µg/mL showed a reduction of ROS levels. In line with this finding, we found that C. genistoides 
treatment decreased lipid peroxidation under the same experimental conditions (20 µg/mL). 
Furthermore, the induction of ROS production by manganese in IMR-32 cells and by FAC in N27 
rat dopaminergic cells was attenuated by the exposure to C. genistoides extract. Our results suggest 
that the aqueous extract of C. genistoides has potential as source of neuroprotective agents than can 
target OS, a hallmark of neuronal death in PD.  
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1. Introduction 

Oxidative stress (OS) is a hallmark of several neurodegenerative disorders, including 
Parkinson’s disease (PD). OS is one of the well-described causes of the massive death of dopaminergic 
neurons in PD, together with the formation of neurotoxic oligomers of the protein α-synuclein [1,2]. 
Oxidative damage has been detected in different brain regions, mainly in the substancia nigra, and 
peripheral tissues of PD patients, leading to the production of reactive oxygen species (ROS), 
increased lipid peroxidation, and oxidation of proteins and nucleic acids [3,4]. An imbalance between 
ROS production and the cellular antioxidant capacity is responsible for this pathological condition.  

Worldwide, there are numerous efforts ongoing to discover disease-modifying therapies that 
could change PD beginning or progression. In spite of that, current treatments are symptomatic and 
point towards neurotransmitter replacement by levodopa and dopamine agonists [5]. 
Neuroprotective agents constitute a promising therapy to treat PD, and especially the protection 
against OS could prevent the death of dopaminergic neurons. Phytochemicals are able to protect 
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against OS-induced damage by free radical scavenging capacity or through the enhancement of 
cellular antioxidant defenses [6]. In the present study, we investigated the potential neuroprotective 
action against OS of aqueous extracts of three Argentinian medicinal plants. 

2. Materials and Methods 

2.1. Plant Material Extraction 

A. genistifolia, C. genistoides and M. pinnatus were collected during the flowering period 
(September to December 2019) in Bahía Blanca, Argentina. Voucher specimens were identified by Dr. 
Maria Gabriela Murray and deposited in the Herbarium of the Universidad Nacional del Sur (BBB) 
in Bahía Blanca, Argentina. Aerial parts were dried at room temperature for at least two weeks and 
cut into small pieces. 50 g of dried plant material of each sample was extract in 600 mL of distilled 
water by heating for 45 min at 50–60 °C with continuous stirring. After filtration, aqueous extracts 
were lyophilized and kept at −80 °C until use. Prior to each assay, they were dissolved in sterile 
distilled water. 

2.2. Cell Culture 

Cell lines were obtained from ATCC. IMR-32 and N27 cells were grown in DMEM-high glucose 
medium or RPMI 1640 medium, respectively, supplemented with 10% (v/v) fetal bovine serum, 100 
U/mL penicillin, 100 µg/mL streptomycin and 0.25 µg/mL amphotericin B in a humidified 
atmosphere of 5% CO2 at 37 °C. 

2.3. MTT Reduction Assay 

To determine the concentration of each extract to be used in the assays, cell viability was assessed 
using the MTT reduction assay. Briefly, cells were seeded (1 × 104 cells/well) into 96-well plates. After 
24 h, they were treated with aqueous extracts at different concentrations (100 µg/mL, 50 µg/mL, 20 
µg/mL, 5 µg/mL, and 0.1 µg/mL) for 24 h. They were then incubated with MTT at a final concentration 
of 0.5 mg/mL for 2 h at 37 °C in a 5% CO2 atmosphere. The MTT-containing medium was removed 
and the formazan crystals were dissolved with 200 µL of 20% SDS (pH 4.7). The MTT reduction was 
measured spectrophotometrically at 570 nm [7]. Results are expressed as a percentage of the control. 
The lowest cytotoxic concentration was chosen for subsequent assays to analyze protection against 
oxidative stress. 

2.4. Experimental Treatments 

All treatments were performed in serum-free medium with 80–90% confluence. After medium 
was removed and replaced with serum-free medium, cells were exposed to the insults to induce 
oxidative stress (500 µM FAC or 100 µM Mn) for 30 min. They were then treated with the aqueous 
extracts at the desired final concentration for 24 (50 µg/mL A. genistifolia and M. pinnatus extracts, and 
20 µg/mL C. genistoides extract). Controls received vehicle alone. 

2.5. Determination of Cellular Oxidant Levels 

To evaluate cellular oxidant levels, the probe DCFH-DA was used [8]. After treatments, the 
media were replaced by medium containing 10 µM DCFH-DA. After 30 min of incubation at 37 °C, 
the medium was removed and cells were rinsed three times with PBS. Subsequently, they were lysed 
in a buffer containing PBS and 1% Nonidet P-40 (NP-40). Fluorescence in the lysates (λex = 495, λem 
= 530 nm) was measured. Results are expressed arbitrary units (AU) per mg of protein. 
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2.6. Determination of Lipid Peroxidation 

Lipid peroxidation was analyzed by the thiobarbituric acid reactive substance (TBARS) assay 
[9]. Following the corresponding treatments, cells were scraped off into 200 µL of ice-cold water. 
Lysates were mixed with 0.5 mL of 30% trichloroacetic acid, and 50 µL of 5 N HCl and 0.5 mL of 
0.75% thiobarbituric acid were then added. The mixtures were subsequently heated at 100 °C for 15 
min in a boiling water bath, and centrifuged at 1000× g for 10 min. TBARSs were measured 
spectrophotometrically in the supernatant at 535 nm. Results are expressed as a percentage of the 
control. 

2.7. Statistical Analysis 

Data represent the mean value ± SD of at least three independent experiments. Statistical 
significance was determined by either Student’s t-test or one-way ANOVA followed by a Tukey’s 
test. p-values lower than 0.05 were considered statistically significant; *, ** or *** represent p < 0.05, p 
< 0.01 and p < 0.001 respectively. 

3. Results and Discussion 

The present study was focused on the evaluation of the protective effect against OS of three 
Argentinian medicinal plants traditionally used to treat PD-related symptoms. Extracts of A. 
genistifolia (used to treat paralysis), and C. genistoides and M. pinnatus (both used to treat 
inflammation) were prepared by water decoction to keep the traditional practices [10]. 

To fix a non-cytotoxic concentration of each extract for the assays, cell viability was evaluated 
using IMR-32 human neuroblastoma cell line. Cells were treated with a wide range of concentrations 
from 0.1 µg/mL to 100 µg/mL and viability was assessed by the MTT reduction assay (Figure 1). Based 
on these results, the selected concentrations were 50 µg/mL for the aqueous extracts of A. genistifolia 
(Ag) and M pinnatus (Mp), and 20 µg/mL for C. genistoides aqueous extract (Cg). 
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Figure 1. Evaluation of cytotoxicity of aqueous extracts of A. genistifolia (Ag), C. genistoides (Cg) and M 
pinnatus (Mp). IMR-32 cell viability was determined by the MTT reduction assay to fix the 
concentration for assays. Bars represent means ± SD. ** p < 0.01, *** p < 0.001 with respect to the control 
conditions. 

Our group has broad experience in the study of OS in the context of different neurodegenerative 
diseases based on cellular models, particularly in the field of iron-induced OS [8,11–13]. Here, ROS 
production was induced by FAC treatment in IMR-32 cells in order analyze the neuroprotective effect 
of the extracts. To this end, assays with the DCFH-DA probe were performed to measure cellular 
oxidant levels in the presence of Ag, Cg and Mp after FAC exposure (Figure 2). While ROS levels 
were not altered by Cg treatment, they were increased in the presence of Ag and Mp. Our most 
interesting finding was the effect of Cg treatment against FAC-induced OS: ROS were reduced to 
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control levels by the action of Cg. In line with these results, lipid peroxidation promoted by FAC 
exposure was diminished by Cg treatment (Figure 3A).  
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Figure 2. Effect of aqueous extracts of A. genistifolia (Ag), C. genistoides (Cg) and M pinnatus (Mp) on ROS 
production induced by FAC. The DCFH-DA probe was used to determine ROS levels in IMR-32 cells. 
Bars represent means ± SD. ** p < 0.01, *** p < 0.001 with respect to the control conditions. 

To corroborate the protective action against OS of Cg, we evaluated its effect using another 
neuronal cell line and a different OS inducer. N27 rat dopaminergic cells showed a reduction of ROS 
levels in the presence of Cg after FAC exposure (Figure 3B). Furthermore, when Mn was used to 
induce OS, ROS production was diminished after IMR-32 cells were exposed to Cg (Figure 3C). 

 
Figure 3. Neuroprotective effect of the aqueous extract of C. genistoides (Cg) against OS. (A) Evaluation of 
lipid peroxidation in the presence of Cg after FAC exposure. TBARS assay was performed in IMR-32 
cell line. (B) Determination of FAC-induced ROS generation in N27 cells treated with Cg using the 
DCFH-DA probe. (C) Measurement of ROS levels in IMR-32 cells exposed to Mn as OS inducer in the 
presence of Cg. Bars represent means ± SD. ** p < 0.01, *** p < 0.001 with respect to the control 
conditions. 

These findings are in line with previous studies supporting the potential of phytotherapy in PD. 
Several phytochemicals obtained from Chinese herbs have been studied for their antioxidant capacity 
to mitigate OS and rescue the neuronal cell death in in vitro and in vivo PD models [14]. Other 
medicinal plants and their active ingredients presented positive effects in animal models of PD, such 
as strengthening of the cellular of antioxidant capacity [15]. Furthermore, medicinal plants have been 
tested for their beneficial effects in OS conditions related to PD, such as Camelia sinensis and Whitania 
somnifera. C. sinensis showed neuroprotective action in 6-hydroxydopamine and MPTP animal 
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models of PD, its mechanism of action being the reversion of OS alterations [16]. Interestingly, W. 
somnifera root extract lessen oxidative markers and astrocyte activation in Maneb-Paraquat PD model, 
concomitantly with an enhancement of locomotor activity [17]. 

4. Conclusions 

Our findings suggest a protective activity against OS of the aqueous extract of C. genistoides. 
These data address this plant species as a promising candidate to continue our search for 
neuroprotective agents. Future studies will be carried out to determine the chemical composition of 
the aqueous extract of C. genistoides and its mechanism of action. 
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