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Abstract: Aloe vera is one of the medicinal plants whose importance has been better understood 
recently with its antibacterial, antimicrobial, antioxidant and anticancer properties. Although it is 
known that the aloe vera family has protective effects on neurons, the neuroprotective effect of 
the aloe barbadensis miller plant has not yet been fully explained. Glufosinate is structurally 
similar to glutamate and is an herbicide that blocks glutamine synthesis. Glutamate has been 
shown to induce cyclooxygenase-2 (COX-2), which causes toxicity. In the present study, neuron 
culture was exposed to Aloe vera barbadensis Miller plant extracts plant (25, 50, 100, 200, 400, 
800, and 1600 µgr/ml doses) for 24 hours to protect against glufosinate (200 mM) and glutamate 

(10-5 mM) toxicity. After 24 hours, MTT, TAC, and TOS analyzes were performed and the results 
were revealed. In our study, it was seen that the aqueous extract of aloe barbadensis miller plant, 
glufosinate, and glutamate, could preserve the vitality of neurons (89% protection in AVB 400 
µgr/ml group). At the same time, it was seen that while increasing the antioxidant level in neurons, 
it decreased the oxidant level. The group that increases the antioxidant value best is AVB 400 
µgr/ml (the group that increases it 1.4 times). When the findings were evaluated, it was concluded 
that aloe vera and its components may have a neuroprotective effect. 
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Öz: Antibakteriyel, antimikrobiyal, antioksidan ve antikanser gibi özellikleriyle son zamanlarda 
önemi daha da iyi anlaşılan Aloe vera şifalı bitkilerden biridir. Aloe vera ailesinin nöronlar 
üzerinde koruyucu etkileri olduğu bilinmesine rağmen aloe barbadensis miller bitkisinin 
nöroprotektif etkisi henüz tam olarak açıklanamamıştır. Glufosinat, yapısal olarak glutamata 
benzer ve glutamin sentetazı bloke eden bir herbisittir. Glutamatın toksisiteye neden olan 
siklooksijenaz-2'yi (COX-2) indüklediği gösterilmiştir. Ayrıca nöronlarda oksidatif strese neden 
olduğu bilinmektedir. Mevcut çalışmada, nöron kültürü, glufosinat (200 mM) ve glutamat (10-5 
mM) toksisitesine karşı korunmak amacıyla 24 saat süreyle Aloe vera barbadensis Miller bitkisi 

ekstraktlarına (25, 50, 100, 200, 400, 800 ve 1600 µgr/ml) maruz bırakılmış olup, 24 saat sonunda 
MTT, TAC ve TOS analizleri yapılmıştır. Çalışmamızda aloe barbadensis miller bitkisinin sulu 
ekstraktının, glufosinat ve glutamat toksisitesine karşı nöron canlılığını koruyabildiği 
görülmüştür (AVB 400 µgr/ml grubunda %89 koruma). Aynı zamanda nöronlarda antioksidan 
seviyesini arttırırken oksidan seviyesini azalttığı gözlemlenmiştir. Antioksidan değerini en iyi 
artıran grup AVB 400 µgr/ml (1,4 kat artıran grup) olarak tespit edilmiştir. Elde edilen bulgular 
değerlendirildiğinde, aloe vera ve bileşenlerinin nöroprotektif etkisi olabileceği sonucuna 
varılmıştır. 
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INTRODUCTION 

 

Aloe vera barbadensis Miller (AVB), one of the 

well-known medicinal plants recently, is preferred because 

of its multiple effects. This medicinal plant belongs to the 

Liliaceae family and is widely used in traditional medicine. 

The compounds found in aloe gel mainly contain 

polysaccharides that reduce inflammation and induce skin 

growth and regeneration. Recent studies have also shown 

that it has antibacterial, antimicrobial, antioxidant and 

anticancer properties (Khanal et al., 2021, Mahboubi, 

2021). Although it is known that the aloe vera family has 

protective effects on neurons, the neuroprotective effect of 

the Aloe vera barbadensis Miller plant is not yet well 

known. Aloe vera and its components contain various 

properties. For example; salicylic acid, campesterol, β-

sitosterol and C-glucosyl chromone are anti-inflammatory, 

vitamins A, C and E are anti-oxidant, anthraquinones and 

phorbol myristic acetate are anti-tumor, aloin and emodin 

are anti-microbial (Klaikeaw et al., 2020). 

The use of pesticides in agriculture, industry, and 

domestic applications results in increased exposure to these 

chemicals (Sevim et al., 2019). As a result of acute 

exposure, it has been observed that human health is highly 

affected. Glufosinate is one of the most widely used 

herbicide-based pesticides worldwide (Comakli et al., 

2019). Glufosinate, which is one of the main pollutants of 

rivers and various water resources, has a toxic effect not 

only on organisms, but also on food, feed and ecosystems 

(Singh et al., 2020). The European Chemicals Agency 

concludes that there are insufficient scientific data to 

classify glufosinate as a carcinogen, mutagen or 

reproductive toxicity for certain target organ toxicity 

(Levine et al., 2020, Matozzo et al., 2020, Pereira et al., 

2021). Glufosinate toxicity was done by induction 

glutamate toxicity in inter synaptic area.   

Glutamate is the principal excitatory 

neurotransmitter in the central nervous system. Elevated 

extracellular glutamate levels induce neuronal damage 

(Kumagai et al., 2019). In cerebral hypoxia/anoxia, and in 

the majority of nervous system diseases, glutamate 

transporter function is impaired, and extracellular 

glutamate levels increase and result in irreversible neuronal 

damage (Tehse & Taghibiglou, 2019). In addition, by 

attaching to N-methyl-d-aspartate (NMDA) and AMPA 

receptors for longer than physiological levels, glutamate 

causes Ca++ and Na+ influx. Strong evidence also exists that 

glutamate toxicity is significantly associated with NMDA 

receptors. These receptors are also significantly involved 

in the central sensitization processes associated with 

hyperalgesia (Zhao et al., 2019). 

Previous studies of maternal exposure to 

Glufosinate have shown that pre- and postnatal exposures 

lead to calcium overload and glutamate excitotoxicity in 

the immature juvenile hippocampus (Cattani et al., 2017). 

The purpose of the present study was to evaluate different 

doses of Aloe vera barbadensis neuro protective effects 

against to Glufosinate and glutamate toxicity in vitro 

model. 

 

MATERIALS AND METHODS 

 

Chemicals: Aloe vera barbadensis (1000 mg 

film‑coated tablets), was obtained from (Izmir, Turkey). 

Glufosinate, glutamate HCL, Dulbecco’s modified Eagle’s 

medium (DMEM), Fetal calf serum (FCS), Neurobasal 

medium (NBM), 3-(4,5-Dimethylthiazol-2-yl)-2,5-

Diphenyltetrazolium Bromide (MTT), phosphate buffer 

solution (PBS), antibiotic antimitotic solution (100×), B27, 

L glutamine and trypsin–EDTA and dimethyl sulfoxide 

(DMSO) were obtained from Sigma-Aldrich (St. Louis, 

MO, USA).  
In vitro studies 

Cell cultures: Briefly, frozen cortex neuron cells 

were used for the study (Gibco™ Primary Rat Cortex 

Neurons, Catalog no: A1084001). The cryotube was open 

rapidly and centrifugation was done at 1200 rpm for 5 min. 

The collapsed cells were suspended with fresh medium 

(Neurobasal medium, FBS 10%, B27 2% and antibiotic 

0.01%) and then the cells were seeded in 24-well plates 

(Corning, USA). The plate was stored in an incubator (5% 

CO2; 37 °C) (Varmazyari et al., 2020). 

Glutamate and Glufosinate toxicity induction): 

Adequate branches were observed to have formed in the 

cells by day 10. Glutamate 10-5 mM and Glufosinate 200 

mM were used for toxicity induction. After 20 min, ABV 

different concentrations (50, 100, 200, 400, 800 and 1600 

µgr/ml) were added to each well and incubated for 24 h 

(5% CO2; 37 °C). These selected concentrations were 

added as a result of the literature search (Kang et al., 2014; 

Kaithwas et al., 2014; Klaikeaw et al., 2020). In addition, 

150 μL of NBM only was added as a negative control, 

while the two positive controls each one contained 

separately 10-5 mM glutamate and 200 mM glufosinate  ( 

Singh et al., 2020).   

3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetra-

zolium Bromide (MTT) assay: MTT assay was according 

to the commercial kit protocol. Briefly, MTT reagent (10 

μL) was added to the each well and incubated (5% CO2; 37 

°C) for 4 h. The medium was removed, then 100 μL of 

dimethyl sulfoxide was added to each well. The optical 

density was evaluated at 570 nm using a Multiskan™ GO 

Microplate Spectrophotometer reader (Thermo Scientific, 
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Canada, USA) (Taghizadehghalehjoughi et al., 2019). the 

cell viability (%) was calculated using the formula. 

Viability % ratio: Sample Absorbance/control group 

absorbance×100. 

Total oxidant status (TOS): TOS assay was 

done according to the commercial manufacture kit 

protocol. Briefly, 500 µl Reactive 1 solution was added to 

wells and the initial absorbance value at 530 nm. then 25 

µl Reactive 2 solution was added to the same well, and 

the second absorbance was read at 530 nm. TOS levels 

were determined as H2O2 mmol equiv/mmol-1. 

The evaluation was done according the formula. 

TOS =Δ example/ΔST2×20 

Δ ST2 (Δ standard 2 = ST2 second reading - ST2 first 

reading), Δ Sample (Δ Sample= Sample second reading- 

Sample first reading) 

Total Antioxidant Capacity (TAC):  TAC assay 

was done according to the commercial manufacture kit 

protocol. Briefly, 500 µl Reactive 1 solution was added to 

wells and the first absorbance was read at 660 nm. Next, 

75 µl Reactive 2 was added to the same wells and the 

second absorbance value was read at 660 nm. TAC levels 

were expressed as mmol equiv/mmol-1. 

The evaluation was done according the formula;  

TAC =(Δ ST1-Δ example)/(Δ ST1-Δ ST2) 

Δ ST1 (Δ standard 1 = ST1 second reading - ST1 first 

reading), Δ ST2 (Δ standard 2 = ST2 second reading - ST2 

first reading), Δ Sample (Δ Sample = Sample second 

reading- Sample first reading) 

Statistical analysis: The analysis of the data of 

our study was evaluated with SPSS 21.0 program and One 

Way Annova method and P<0.05 was considered 

significant. 

 

RESULTS AND DISCUSSION 

 

In our study, the protective effects of Aloe vera 

barbadensis on neuronal cells against glutamate and 

glufosinate were investigated. For this purpose, MTT, 

TAC and TOS analyzes were performed 24 hours after the 

application and the results were shown in the figures. 

When the MTT test in Figure 1 and 2 were examined, 

it was seen that AVB protected neuron viability against 

glutamate and glufosinate depending on the increasing 

dose. The best protection was seen in the AVB 400 µgr/mL 

(89%) group against glutamate, which caused a 31% 

decrease in viability. The highest protection against 

glufosinate toxicity was seen at the AVB 200 dose (85% 

protection). The neuroprotection rate of the same group 

against glufosinate toxicity (reduces viability by 36%) is 

82%. While it was observed that the AVB 800 (86%) and 

1600 (83%) µgr/mL groups also protected neuron cells 

against glutamate, the viability was decreased compared to 

the AVB 400 µgr/mL group. In glufosinate toxicity, 

viability was 8% (78%) lower in the AVB 800 µgr/mL 

group and 13% (70%) in the AVB 1600 µgr/mL group 

against glutamate toxicity. 

 

  
Figure 1. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) assay results for the Glufosinate induced toxicity in the neuron cell 

line after 24-h AVB treatment  

* P<0.05, ** P<0.001 compared to control group. 

 

 
Figure 2. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) assay results for the Glutamate induced toxicity in the neuron cell 

line after 24-h AVB treatment  

* P<0.05, ** P<0.001 compared to control group. 

 

When the antioxidant results in Figure 3-6 were 

examined, it was seen that AVB increased the antioxidant 

level in a dose-dependent manner against glutamate.  The 

highest antioxidant value was observed in the AVB 400 

µgr/mL group (1.4-fold increase in antioxidant value 

against glutamate). When the antioxidant effects of AVB 

against glufosinate toxicity were examined, it was 

determined that the AVB 200 µgr/mL group increased 

antioxidant by 1.3. When the TOS results in Figure 3 were 

observed, it was determined that the oxidant level 

decreased depending on the increasing dose. It was 

determined that the best protection against glutamate 

toxicity was in the AVB 200 and AVB 400 µgr/mL groups, 

which reduced the oxidant level by 1.5 times. When the 

TOS results in glufosinate toxicity were examined, we 

found that the AB 200 µgr/mL group decreased the oxidant 

level 1.5 times.  
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Figure 3. Total antioxidant capacity assay results for the Glufosinate 

induced toxicity in the neuron cell line after 24-h AVB treatment. 

* P<0.05, ** P<0.001 compared to control group. 

 

 
Figure 4. Total oxidant status assay results for the Glufosinate induced 

toxicity in the neuron cell line after 24-h AVB treatment. 

* P<0.05, ** P<0.001 compared to control group. 

 

 
Figure 5. Total antioxidant capacity assay results for the Glutamate 

induced toxicity in the neuron cell line after 24-h AVB treatment 

* P<0.05, ** P<0.001 compared to control group. 

 

 
Figure 6. Total oxidant status assay results for the Glutamate induced 

toxicity in the neuron cell line after 24-h AVB treatment 

* P<0.05, ** P<0.001 compared to control group. 

DISCUSSION 

 

In our study, the protective effects of Aloe vera 

barbadensis on neuronal cells against glutamate and 

glufosinate were investigated. Traditional medicine plays a 

critical role in the treatment of various types of diseases 

(Chinchilla et al., 2013). Nowadays, the use of 

complementary medicine and natural products has been 

increasing rapidly worldwide because they are effective 

and inexpensive and have fewer side effects. AVB contains 

several biologically active constituents, including 

vitamins, minerals, saccharides, amino acids, 

anthraquinones, enzymes, lignins, saponins, and salicylic 

acids (Mahboubi, 2021). 

Medicinal plants contain various types of constituents, 

such as vitamins, amino acids, carbohydrates, and phenolic 

compounds. These compounds are active in controlling or 

neutralizing the reactive oxygen species (ROS). AVB also 

has function like an antioxidant through free radical- and 

superoxide radical-scavenging activities and anti-

inflammatory activities (Pandhair et al., 2011; Parmar & 

Jasrai, 2009,).  

Recent studies have shown that the application of 

glutamate to cortical and hippocampal axon terminals 

triggered exocytotic process, which appeared to be, at least 

partially, mediated by the efflux of Ca2+ ions from internal 

stores (Tarasenko et al., 2012). In light of the latest findings 

showing a close relationship between spontaneous 

transmitter release, Ca2+ efflux from internal stores and 

reactive oxygen species (ROS) generation (Martinez-

Sanchez et al., 2020). The TAS and TOC tests were 

showed AVB 200 and 400 µgr/mL increased antioxidant 

activity while decreased oxidant status. Environmental 

stressors that are well known to induce oxidative stress and 

alterations to the cellular redox balance have been widely 

shown as apoptosis regulators (Peng et al., 2019). There are 

many evidence that glufosinate and glutamate induces 

cytotoxicity, oxidative damage, and apoptosis. 

 Examined, it was seen that AVB protected neuron 

viability against glutamate and glufosinate depending on 

the increasing dose. The best protection was seen in the 

AVB 400 µgr/mL (89%) group against glutamate, which 

caused a 31% decrease in viability. The neuroprotection 

rate of the same group against glufosinate toxicity (reduces 

viability by 36%) is 82%. While it was observed that the 

AVB 800 (86%) and 1600 (83%) µgr/mL groups also 

protected neuron cells against glutamate, the viability was 

decreased compared to the AVB 400 µgr/mL group. In 

glufosinate toxicity, viability was 8% (78%) lower in the 

AVB 800 µgr/mL group and 13% (70%) in the AVB 1600 

µgr/mL group against glutamate toxicity. 

When the antioxidant results in Figure 3-6 were 

examined, it was seen that AVB increased the antioxidant 
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level in a dose-dependent manner against glutamate.  The 

highest antioxidant value was observed in the AVB 400 

µgr/mL group (1.4-fold increase in antioxidant value 

against glutamate). Kaithwas et al. also stated that the 

antioxidant effects of aloe vera increased depending on the 

dose, and they observed the best antioxidant effect 

especially at the highest dose they used, 120 µgr/mL 

(Kaithwas et al., 2014). In our study, when the antioxidant 

effects of AB against glufosinate toxicity were examined, 

it was determined that the AVB 200 µgr/mL group 

increased the antioxidant by 1,3. When the TOS results in 

Figure 3 were observed, it was determined that the oxidant 

level decreased depending on the increasing dose. It was 

determined that the best protection against glutamate 

toxicity was in the AVB 200 and AVB 400 µgr/mL groups, 

which reduced the oxidant level by 1.5 times. When the 

TOS results in glufosinate toxicity were examined, we 

found that the AVB 200 µgr/mL group decreased the 

oxidant level 1.5 times. Kang et al., in their study with Aloe 

vera barbadensis miller component on Vero cells, seems 

to protect cell viability against AAPH-induced cell death 

(400 µgr/mL group). Again, protection was found in cells 

against AAPH-derived ROS products (Kang et al., 2014).  

When high doses of AVB (400 and 800 µgr/mL) were 

examined, no effective protection was observed in 

neuronal cells against toxicity. In various studies, negative 

conditions such as decreased central nerve activity, slower 

growth, and diarrhea have been detected in rats as a result 

of high-dose aloe vera application (Herlihy et al., 1998; 

Herlihy et al., 1998; Shah et al., 1989).  

 

CONCLUSION 

 

Aloe vera, which has been used since ancient 

times, is very common, especially for skin, inflammation, 

and diabetes. With today's studies, its anti-cancer, anti-

oxidant properties have made it an even more important 

compound. Although its effect on healthy and cancer cells 

is little known, its protective effect on neurons has not been 

clarified yet. Our study especially reveals its effect on 

neurons and hopes to be a pioneer for future studies. In our 

study, the protective effects of aloe barbadensis against 

toxicity (glutamate and glufosinate) especially on neurons 

were revealed. It has been demonstrated with its 

antioxidant effects that it can be used to reduce side effects 

against any component with known toxic properties. In 

summary, the protective effects of aloe barbadensis can be 

used both in practice and inspire future studies. 
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