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Abstract: Background: Monosodium glutamate (MSG), a sodium salt of l-glutamic acid, is used in many 

different types of cuisine to improve flavor and palatability. Food containing MSG was associated with 

excitotoxicity which induced oxidative stress and neuroinflammation; the most common mechanism that 

linked with neurological disorders. Attention-deficit/ hyperactivity disorder (ADHD) is a neurodevelopmental 

disorder that affects children most frequently around the globe. Sesamol (SML) is one of the promising 

bioactive flavonoids with multiple pharmacological activities. Objective: we aim to examine the potential 

neuroprotective effects of sesamol against MSG by modulating the GSK-3β/Nrf2/NF-kβ /Bcl-2 pathways. 

Materials and Methods: thirty-six male young rats (4-6 weeks old) were randomly distributed over three 

groups, (12/group). Control group (1): rats received 2% DMSO in saline. ADHD group (2): rats received 

400mg/kg MSG daily by intra-gastric tube for 60 consecutive days. ADHD + SML group (3): rats treated like 

group 2, in addition to receiving SML (20mg/kg i.p.) in concurrent with MSG. behavioral tests (y-maze and 

open field test) were conducted over the final two days of the experimental period and after the experiment's 

conclusion, rats were sacrificed and Biochemical parameters were measured in brain tissue (assessment of 

brain monoamines, GSK-3 β, Nrf2, inflammatory, and apoptotic biomarkers by ELISA technique along with 

colorimetric assay of Calcium, MDA, SOD and TAC levels). Conclusion: According to our results, SML may 

be able to protect the brain from neurological disorders resembling ADHD by targeting the GSK-3 β /Nrf2/NF-

kB/Bax/Bcl-2 signaling pathways. 
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1. INTRODUCTION 

Attention Deficit Hyperactivity Disorder (ADHD), a 

diverse neurodevelopmental ailment with high 

incident,  affects 8-12% of children worldwide and 

can also affect adults (4%)1-2, males are more 

prevalent than females (5.2% vs. 2.7%, 

respectively)3. This disorder's heterogeneity is 

caused by a confluence of various elements, 

collectively can prevent healthy brain growth and 

alter how neural networks function 4. 76-80% of 

ADHD is related to genetic factors which increase its 

heritability and comorbidity 5. Several other  

 

 

environmental factors strongly participate in ADHD 

development 6-7.  

ADHD is highly associated with catecholamine 

dysregulation, which affects prefrontal cortex (PFC) 

development and results in executive dysfunction8-9. 

As a result, amphetamine, atomoxetine, and 

methylphenidate—the most often prescribed ADHD 

medication which restore catecholamine level, hence 

control ADHD symptoms 10. The exact 

pathophysiology of ADHD is still unknown. 

However, several studies strongly reported oxidative 

stress and neuroinflammation incidence in ADHD 11-

12. 
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Monosodium glutamate (MSG), a prominently used 

flavor enhancer, is a white crystalline powder of L-

glutamic acid sodium salt13-14. Overconsumption of 

MSG developed renal and hepatic toxicity 15-16, and 

some studies reported gonadal dysfunction17. 

Glutamate is the main excitatory neurotransmitter in 

CNS that plays a vital role in normal brain 

development, regulates learning and memory 

function18-19. However, exposure to high level of 

MSG, disrupt blood osmolality and increase 

glutamate influx in the brain, induce excitotoxicity20-

21,22,23. Excitotoxicity is one of the main hallmarks 

recognized in ADHD cases, associated with 

increased intracellular calcium level that disrupt 

mitochondrial function, increase ROS and RNS 

release leading to apoptosis or necrosis24-25. 

Administration of MSG was associated with certain 

damage in the PFC and implicated in impaired 

attention and locomotor activity in animal model26-27.  

Nuclear factor erythroid 2-related factor 2(Nrf2) is a 

crucial anti-oxidant and anti-inflammatory agent28-29. 

Excess O&Ns over the antioxidant capacity, induce 

Nrf2 nuclear translocation that binds to antioxidant 

response element (ARE) sequentially upregulates 

expression of several antioxidant genes. Nrf2-

dependent antioxidants increase the production of 

anti-inflammatory compounds, inhibit nuclear factor 

kappa-B (NF-KB) signaling and NLRP3 

inflammasome activation, result in decrease the 

expression of pro-inflammatory cytokines and limit 

neuronal apoptosis 30. These findings were further 

supported by Suryakant K. Niture, et al., who 

described the vital role that Nrf2 played in the up-

regulation of Bcl-2, which preserved cellular 

viability. 

On the other hand, glycogen synthase kinase-3B 

(GSK-3β) is a kinase enzyme that maintains in an 

inactive state under normal conditions. Prolonged 

exposure to oxidative stress, activates GSK-3β that 

implicated in psychiatric and neurodegenerative 

disorders31-32. Activated GSK-3β phosphorylates 

Nrf2 and induces its proteosomal degradation33-34,35. 

In addition, Inhibition of GSK-3β was linked to a 

reduction in NF-κβ transcriptional activity and a 

marked reduction in the level of pro-inflammatory 

cytokines, which support stabilization of the brain 

blood barrier36. Therefore, targeting GSK-3β and 

Nrf2 is considered as therapeutic strategies in 

ADHD. 

Sesamol (SML) is a white crystalline powder with 

peculiar odor, extracted from roasted sesame seeds 

(Sesamum indicum L.), and their pressed oil37. SML 

is the most bioactive methylene dioxyphenyl sesame 

lignin with biphasic solubility 38. Regarding its 

chemical structure, SML is the best antioxidant and 

free radical scavenger among the bioactive phenolic 

compounds since it functions as a primary and 

secondary antioxidant 39. Primary antioxidants are 

substances that donate electrons or hydrogen to free 

radicals, causing them to immediately interact and 

change into inactive metabolites such as phenolic 

compounds. Meanwhile, secondary metabolites 

indirectly slow down oxidation by chelating pro-

oxidant metals, supplying primary antioxidants with 

hydrogen, absorbing UV rays, or acting as singlet 

oxygen buffers57. By investigating numerous studies, 

SML demonstrated variety of pharmacological 

actions such as anti-oxidant, anti-inflammatory40, 

anti-apoptotic, antihyperlipidemic 41, neuroprotective 

42, cardioprotective 43, and anti-cancer activities 44. In 

this study we seek to assess the potential 

neuroprotective property of SML against MSG 

induced ADHD like symptoms by ameliorating 

oxidation, inflammation and apoptosis regulated by 

GSK-3β /Nrf2/NF-kβ /Bax/Bcl-2 pathways. 

2. METHODS 

2.1. Drug and Chemicals  

MSG, SML and other utilized agents were of 

analytical quality, and sourced from Sigma-Aldrich 

Chemical Co. in St. Louis, Missouri. 

  

2.2. Animals  

Thirty-six healthy male western albino rat offsprings, 

at age of 4-6 weeks old (25-40 g), were obtained from 

the Nile Co. for Pharmaceuticals and Chemical 

Industries, Cairo, Egypt. Rat pups were sheltered in 

standard housing conditions, 25°C, 55% humidity, 

12-hour light and dark cycle with full access to 

normal feed and water ad libitum. Our study received 

approval from Al-Azhar University's Ethics 

Committee for the Faculty of Pharmacy (Girls) (No. 

323), which adheres to NIH guidelines regarding 

animal studies. 

2.3. Experimental design  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Schematic diagram illustrates schedule of the 

experimental design 55-56, 26.  
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2.4. Behavioral experiments: 

 

Behavioral tests were performed during the last 2 

days of the experiment. 

 

2.4.1. Y-maze test for assessing of attention behavior. 

 

Animals' ability to pay attention during exploring the 

Y-maze was assessed by % spontaneous alternation 

behavior (SAB). As mentioned by Kim HJ, et al 45, 

Y-maze used in the study has 3 arms, each arm 

(l×w×h= 50×10 ×20) with equal angles (120°) in-

between and an equilateral triangular central area. 

The three arms were labeled as A, B and C, arm A 

was used as the start arm. Rats were individually 

sited in the first arm, permitted to explore the three 

arms for 8 minutes where their movements were 

tracked and evaluated with specialist software (Any-

maze™, Stoelting Co., Chicago, USA). Between 

each trial, the apparatus was disinfected with 70% 

ethyl alcohol and allowed to dry 46. The rat was 

thought to have inputted the arm when its four paws 

were entirely inside of it. The description of SAB was 

enrollment into all three arms on sequential 

decisions. The following formula was used to 

calculate the percentage of SAB, it equals (number 

of alternations) / (total arm entries −2) ×100. 

  

2.4.2. Open-field test for assessing locomotor 

alterations. 

 

Open field apparatus used in this study was a black 

rectangular box (l×w×h =72×72×36) with a floor 

divided into 16 square (18 x 18 cm for each square) 

47. Rats were set individually in the middle of the 

instrument and given ten minutes to explore it. When 

their movements were tracked and evaluated with 

specialist software (Any-maze™, Stoelting Co., 

Chicago, USA). Between each trial, the apparatus 

was disinfected with 70% ethyl alcohol and allowed 

to dry. Four parameters were measured throughout 

this test: the ambulation frequency (the total number 

of lines that the animal crossed with all 4 limbs), time 

mobile (the total time that animal spent moving), 

mean speed (the total distance travelled by rat 

divided by the duration of mobility) and rearing 

frequency (number of times the animal rose on his 

hind paws). 

 

2.5. Samples collection 

After accomplishing the experiment, dilute ether was 

used to anesthetize the animals to be sacrificed and 

then the brains were removed and soaked with cold 

saline (0.9% w/v). The experiment complied with 

NIH Publications No. 85-23, amended 2011—

guidelines for the proper handling of laboratory 

animals. 

2.6. Biochemical evaluations: 

2.6.1. Enzyme-linked immunosorbent assay (ELISA) 

 

ELISA kits obtained from MyBioSource (Southern 

California, San Diego, USA) were used for assessing 

several brain monoamines, including glutamate (Cat. 

#: MBS756400), dopamine (Cat. #: MBS262606) 

and norepinephrine (Cat. #: MBS269993). In 

addition to tumor necrosis factor alpha (TNF-α) (Cat. 

#: MBS175904), and NF-kβ (Cat. #: MBS453975). 

Nrf2 (Cat. #: SL0985Ra), GSK-3β (Cat. #: 

SL0319Ra), IL-1b (Cat. #: SL0402Ra) and apoptotic 

biomarkers B-cell leukemia/lymphoma 2 protein 

(Bcl-2) (Cat. #: SL0108Ra) and Bcl-2-associated X 

protein (Bax) (Cat. #: SL0109Ra) kits were assessed 

by SUNLONG BIOTECH CO., LTD., CHINA.  

The procedures were followed exactly as directed by 

the manufacturer, and then the plate's content was 

examined spectrophotometrically. 

 

2.6.2. Colorimetric assessment of malondialdehyde 

(MDA), superoxide dismutase (SOD), total 

antioxidant capacity (TAC) and calcium ion 

concentrations 

 

Colorimetric analysis was performed using available 

kits provided by Bio diagnostic, Inc., Giza, Egypt, 

using 10% of brain supernatant. 

Calcium level was measured as the key factor for 

glutamate excitotoxic effect. Thiobarbituric acid was 

used to measure brain lipid peroxidation revealed by 

the MDA level. The SOD enzyme's activity was 

examined according to enzyme's capacity to prevent 

the phenazine methosulphate-mediated reduction of 

the nitro blue tetrazolium dye. Finally, TAC was 

evaluated using the antioxidant reaction with 

exogenously supplied H2O2.  

 

2.7. Statistical analysis: 

 

The data were analyzed using GraphPad Prism® 

statistical analysis tools version 9.5.0 (730) for 

Windows (GraphPad Software, San Diego, CA, 

USA), and Tukey's multiple comparison test was 

performed to compare the results between the various 

groups. All data were expressed as mean ± standard 

deviation (SD), and the difference between groups 

deemed statistically relevant if P-value < 0.05. 

 

3. RESULTS 

3.1. Effect of Sesamol on MSG-induced changes in 

attention and locomotor activity in rats' 

offsprings assessed by Y-maze and open-field test. 
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3.1.1. Y-maze test 

Attentive rats can enter the three arms of y-maze 

consecutively, therefore, the more attentive rats, the 

higher spontaneous alternation behavior percentage 

(% SAB). As verified in table (1), MSG induced a 

significant decrease in % SAB in ADHD rat model 

to 79%, compared to normal control number. 

However, concurrent administration of SML 

(20mg/kg) with MSG improved attention behavior 

and significantly increased % SAB to 116.35%, 

compared to MSG value. 

 

Table 1. Sesamol improves attention in ADHD rat 

model induced by MSG.  

 
Data expressed as mean ± SD (n = 12). $, #: values are significant 

when compared to the control and ADHD group respectively. One 

way ANOVA followed by Tukey’s as post-hoc test presented P-

value < 0.05. ADHD: attention-deficit hyperactivity disorder; 

SML: sesamol; %SAB: percentage of spontaneous alternation 

behavior. 

3.1.2. Open-field test 

As summarized in table (2), rats receiving MSG 

orally showed significant decrease in the ambulation 

frequency, time mobile, mean speed and rearing 

frequency by 55.7%, 57%, 67% and 35.1% 

respectively, contrasted to normal control readings. 

Contrarily, administration of 20 mg/kg of SML with 

MSG increased the ambulation frequency, time 

mobile, means speed and rearing frequency by 

44.8%, 65%, 90% and 34% respectively, compared 

to ADHD group. 

 

Table 2. Sesamol modifies locomotor alterations 

induced by MSG in ADHD rat model. 

 
Results expressed as mean ± SD (n = 12). $, #: values are 

significant when compared to the control and ADHD group 

respectively. One way ANOVA followed by Tukey’s as post-hoc 

test presented, P-value < 0.05. ADHD: attention-deficit 

hyperactivity disorder; SML: sesamol. 

 

 

3.2. Sesamol protects against brain catecholamine 

dysfunction and elevated calcium level induced by 

MSG in ADHD rat model. 

As depicted in figures (2), MSG damaging impact 

induced significant decrease in dopamine and Nor-

epinephrine levels in brain tissue by 2.5-folds and 

3.9-folds correspondingly, in contrast to significant 

increase in glutamate and calcium levels by 3.98-

folds and 3.5-folds correspondingly, contrasted with 

normal control. However, administration of SML 

20mg/kg reverted MSG effect and significantly 

increased dopamine and Nor-epinephrine by 1.56-

folds and 2.8-folds respectively, and significantly 

decreased glutamate and calcium level by 2.57-folds 

and 1.5-folds respectively, compared to ADHD 

group. 

3.3. Sesamol repairs brain oxidative stress 

induced by MSG in ADHD animal model.  

 

Figures (3) (A, B, C and D) demonstrated that MSG 

-mediated oxidative stress in rats’ brain, presented by 

significant elevation in MDA level by 1717% and 

significant decrease in levels/activity of NRF2, TAC 

and SOD by 57.2%, 81% and 95.4% respectively, 

regarding normal control animals. As expected, SML 

decreased MDA level by 40.5%, and increased the 

level/activity of NRF2, TAC and SOD by 169.7%, 

112.7% and 789.5% individually, contrasted with 

ADHD group. 

 

3.4. Sesamol re-establishes inflammatory 

biomarkers induced by MSG in ADHD rat model. 

Figure (4) displayed that MSG significantly 

increased the brain inflammatory biomarkers NF-kβ, 

TNF-α and IL-1b by 6 folds, 5.48-folds and 1.7-fold 

respectively, in comparison to normal control. By 

contrast, concurrent administration of SML with 

MSG decreased NF-kβ, TNF-α and IL-1B by 1.68-

fold, 2.4-folds and 1.6-fold respectively, compared to 

ADHD group. 

 

3.5. Sesamol protects against MSG- induced 

apoptosis in ADHD rat model. 

Figures 5 (A, B and C) depicted that MSG treated 

animals revealed significant increase in brain level of 

Bax to 147.5% along with significant decrease in 

anti-apoptotic biomarker Bcl-2 to 52%. Therefore, 

Bax/ Bcl2 ratio increased by 2.7-folds, compared to 

value of normal control. On the other hand, 

administration of SML decreased Bax level by 45% 

and increased Bcl-2 by 44%. Hence, Bax/Bcl2 ratio 

decreased by 2.7-folds, contrasted with ADHD 

group. 

 

 



 

 

Sesamol ameliorates MSG-induced ADHD in rats' offsprings by modulation of GSK-3ß/Nrf2/NF-kß/Bax/Bcl-2 signaling 

pathways 

 

44 

https://aijpms.journals.ekb.eg/ 

 

 

 

Figure 2. Sesamol modulates catecholamines' dysregulation and elevated calcium level induced by MSG. Data 
presented as mean ± SD (n=12) $, #: values are significant when compared to the control and ADHD groups respectively. One way ANOVA 

followed by Tukey’s as post-hoc test presented P-value < 0.05. Quantification of; A) dopamine; B) nor-epinephrine; C) glutamate; D) 

calcium. ADHD: attention-deficit hyperactivity disorder; SML: Sesamol. 

 

 

 

Figure 3. Sesamol inhibits oxidative stress induced by MSG. 

 Data presented as mean ± SD (n=12). $, #: values are significant when compared to the control and ADHD groups, 

correspondingly. One way ANOVA followed by Tukey’s as post-hoc test presented P-value < 0.05. Quantification of; A) NRF2; B) TAC; 

C) SOD; D) MDA. ADHD: attention-deficit hyperactivity disorder; SML: sesamol; NRF2: Nuclear factor erythroid 2-related factor 2; 

SOD: superoxide dismutase; TAC: total antioxidant capacity; MDA: malondialdehyde. 
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Figure 4. Sesamol decreased inflammatory biomarkers induced by MSG in ADHD rat model.  

Data presented as mean ± SD (n=12). $, #: values considered significant when compared to the control and ADHD groups respectively. 

One way ANOVA followed by Tukey’s as post-hoc test presented P-value < 0.05. Quantification of; A) NF-kβ; B) TNF-α; C) IL -1B. 

ADHD: attention-deficit hyperactivity disorder; SML: Sesamol; NF-kβ: nuclear factor kappa-B; TNF-α: tumor necrosis factor alpha; IL-

1B: interleukin – 1 Beta. 

 

 

Figure 5. Sesamol improves apoptotic/anti-apoptotic markers induced by MSG.  

Data presented as mean ± SD (n=12). $, #: values are significant when compared to the control and ADHD groups respectively. One way 

ANOVA followed by Tukey’s as post-hoc test presented P-value < 0.05. Quantification of; A) Bax; B) Bcl-2; C) Bax/Bcl2 ratio. ADHD: 

attention-deficit hyperactivity disorder; SML: sesamol; Bax: Bcl-2-associated X protein; Bcl-2: B-cell leukemia/lymphoma 2 protein. 
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3.6. Sesamol suppresses MSG-induced glycogen 

synthase kinase-3B in ADHD rat model. 

 

In figure (6), MSG significantly increased GSK-3β 

level in rat pups by 1.54-folds, regarding normal 

control value. However, concurrent administration of 

20 mg/kg SML with MSG decreased GSK-3B 

content by 1.7-fold, compared to ADHD group. 

 

 

Figure 6. Sesamol attenuates GSK-3β induced by 

MSG in ADHD rat model. 

 Data expressed as mean ± SD (n=12). $, #: values are significant 

when compared to the control and ADHD groups respectively. 

One way ANOVA followed by Tukey’s as post-hoc test presented 

P-value < 0.05. ADHD: attention-deficit hyperactivity disorder; 

SML: Sesamol; GSK-3β: glycogen synthase kinase-3B. 

 

4- DISCUSSION 

 
As ADHD prevalence rises over time, it increases the 

necessity to investigate potential factors that could be 

contributing to ADHD pathophysiology. The umami 

taste of MSG promotes its wide use in many different 

types of cuisine to improve flavor and palatability. 

MSG consumption either by oral gavage or mixed 

with food achieves higher brain glutamate level, 

associated with attention deficit and locomotor 

alterations in young animals 48-27. 

 

 Although glutamate is an essential neurotransmitter 

for normal brain function, increase in brain glutamate 

level induces excitotoxicity, oxidative stress and 

neuroinflammation which impair normal brain 

development in rat pups. Sesamol (SML) is a 

bioactive compound obtained from roasted sesame 

seeds (Sesamum indicum L.) and their pressed oil, 

which demonstrated multiple-pharmacological 

activities. 

 

In our study, small rat pups treated orally with 400 mg/kg 

of MSG for two months, developed significantly high 

level of brain glutamate and calcium than normal group. 

The increase in calcium level was correlated with a 

considerable elevation of MDA, a biomarker of lipid 

peroxidation, and a decrease in Nrf2 and its antioxidant 

downstream, SOD and TAC activity/level, that promote 

oxidative stress. These findings were analogous to earlier 

studies 26-27. 

High levels of extracellular glutamate activate the 

glutamate ionotropic receptor viz; NMDA, which 

induced Calcium influx, as well as the metabotropic 

receptor viz; mGluR1s and mGluR5s, which cause more 

Calcium to be released from the endoplasmic reticulum 

20.  

 

The elevation of cellular calcium 

is considered detrimental. High intracellular calcium 

activates various mechanisms associated with neuronal 

death. Besides calpains, other destructive enzymes and 

death associated protein kinase 1 activation, high 

intracellular calcium induces neuronal nitric oxide 

synthase (nNOS), increase NO level that would mediates 

lipid peroxidation and impair mitochondrial function 

result in oxidative stress 48. 

 

As a results of oxidative stress, the cellular level of ROS 

elevated and induced Nrf2 nuclear translocation, which 

binds to antioxidant response element and consequently 

upregulates the antioxidant enzymes mRNA and elevated 

total antioxidant capacity (TAC) to detoxify cellular free 

radicals and inhibited neuroinflammation, as has been 

showed by Ngo V, et al 28. However, chronic exposure to 

significant high level of oxidative stress, as shown in our 

investigation through the high level of MDA, was 

associated with significantly low brain level of Nrf2 and 

its antioxidants 27. 

Moreover, rats received MSG expressed significantly 

high level of GSK-3β, NF-Kβ and its downstream 

inflammatory markers, TNFα and IL-1B. In addition, a 

significant high level of Bax and lower level of Bcl-2 

apoptotic biomarkers was reported. 

 

Elevated ROS associated with reduction in Nrf2 

transcription factor level may be a function of GSK-3β. 

As shown in Misrani A, et al study49, GSK-3β kinetic 

activity was induced in response to excessive O &Ns, 

induced neurodegenerative disease. Moreover, activation 

of GSK-3β, phosphorylates Nrf2 transcription factor 

even after nuclear translocation, induce ubiquitination 

and proteosomal degradation56-57.  Accordingly, our 

investigations revealed that MSG-induced oxidative 

stress was associated with high level of GSK-3β and 

significant decrease in Nrf2 level.     
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GSK-3β and Nrf2 both modulate neuroinflammation 

in different ways. Toll-like receptors (TLRs) 

stimulation, followed by GSK-3β activation was 

associated with NF-kβ nuclear translocation which 

increased the release of numerous cytokines, IL-6, IL-

1B, and TNFα and decreased anti-inflammatory 

cytokines. Typically, inhibitors of GSK-3β reduced 

TLR expression and consequently decreased the 

release of inflammatory cytokines by inhibiting the 

transcriptional activation of NF-κB36. 

 

Furthermore, activated Nrf2 can induce HO-1 

expression which exhibits anti-inflammatory activity. 

Numerous studies have shown that HO-1 and its 

metabolites significantly inhibit NF-kβ signaling 

pathway and consequently reduce inflammation. 

Additionally, Nrf2 prevents NLRP3 inflammasome 

activation, which results in a reduction in IL-1B 

release and promotes cell survival30. Therefore, GSK-

3β and Nrf2 are considered as a target for suppressing 

neuroinflammation.  

 

Oxidative perturbations and pro-inflammatory 

cytokines induced by MSG increased Bax level and 

decrease Bcl2, which resulted in significant increase 

in Bax/Bcl-2 ratio. Oxidative stress disturbs 

mitochondrial function was associated with increase 

cytochrome C release in the cytoplasm that ultimately 

induces cellular apoptosis52. 

On the other hand, rats that received MSG showed 

significant reduction in brain monoamines viz; 

Dopamine and Nor-epinephrine as have been 

reported by Abu-Elfotuh K, et al26 and Salem HA, et 

al27. Dopamine and Nor-epinephrine play essential 

roles in executive function, and they interact together 

in PFC, regulating attention, cognition and 

locomotion 58.  Consequently, their deficiency 

impaired attention and spatial working memory 

which suppressed the animals' ability to enter the 

three arms of Y-maze consecutively. In addition to 

locomotor alterations demonstrated by significant 

decrease in moving time and speed in open field test 

which may related to NE induced spontaneous 

locomotor hyperactivity59.   

 

MSG decreased brain NTs may be related to high 

extracellular glutamate level which disturbs calcium 

homeostasis and impairs the calcium-mediated 

neurotransmitter release26-27. In addition, increased 

Bax/Bcl-2 ratio induced neuronal death that 

consequently result in overwhelming NTs levels. 

Interestingly, concurrent administration of SML with 

MSG significantly decreased glutamate 

excitotoxicity as revealed by low glutamate and 

calcium levels, and due to its highly potent 

antioxidant activity, SML significantly increased 

Nrf2, SOD and TAC levels as well as decreased 

MDA levels.  

 

Furthermore, SML impact extended beyond its 

antioxidant capacity to involve suppression of 

neuroinflammation and apoptosis, these effects were 

verified by significant decrease in the brain levels of 

GSK-3β, NF-kβ, IL-1B, TNF-α and Bax, and 

increased  Bcl-2 level, hence it reduced 

neuroinflammation and maintained neuronal 

survival, these results come in harmony with those of 

Mahendra Kumar C, et al 38, Liou XWC, et al 40 , 

Abou-zeid SM, et al 42 and John J, et al 53.  

  

Moreover, the lower glutamate and calcium levels in 

SML group may be attributed to its antioxidant and 

anti-inflammatory activity, as the decrease in 

oxidative stress and inflammatory cytokine help to 

maintain glial function and consequently increase the 

uptake of extracellular glutamate by glial cells 54, 

hence maintains neuronal calcium level, which 

decrease the risk for excitotoxicity and maintain 

neurotransmission. Therefore, SML preserved the 

level of dopamine and Nor-epinephrine which 

modulated locomotor activity, increased rearing 

frequency, and improved rats’ attention and spatial 

memory function in Y-maze test.  

 

5. CONCLUSION 
 
In summary, our work focused on the GSK-3β 

/Nrf2/NF-kB/Bax/Bcl-2 pathways to examine the 

potential neuroprotective mechanism of sesamol 

against MSG-induced ADHD in rats' offsprings. Our 

findings from studying the brain tissue of ADHD rats 

showed elevated levels of oxidative stress, apoptotic, 

and inflammatory indicators along with a large 

increase in GSK-3β, which sesamol greatly 

decreased. In the Y-maze and open-field tests, 

sesamol's antioxidant, antiapoptottic, and anti-

inflammatory effects eliminated monoamines 

shortage, markedly enhanced attention, and restored 

locomotor behavior 
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Figure 7. Graphical summary illustrates the prospective modulatory effect of Sesamol on biochemical 

alterations triggered by MSG in ADHD rats' model.  

 
MSG: monosodium glutamate; NMDA-R: N- methyl D-aspartate receptor; ROS reactive oxygen species; GSK-3β: glycogen 
synthase kinase 3- beta; Nrf2: Nuclear factor erythroid 2-related factor 2; NF-Kb: nuclear factor kappa beta; Bax: Bcl-2-
associated X protein; Bcl-2: B-cell leukemia/lymphoma 2 protein; SOD: superoxide dismutase; TAC: total antioxidant capacity; 
IL-1β: interleukin 1-beta; TNF-α: tumor necrosis factor alpha. Red color represents MSG effect, green color represents Sesamol 
protective effect.  


