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Abstract 

Allium cepa peel, commonly discarded as waste, is a rich source of bioactive phytoconstituents with potential 
therapeutic benefits. Neurodegenerative disorders such as Alzheimer’s disease, Parkinson’s disease, and epilepsy are 
increasing globally and are associated with oxidative stress, inflammation, and neuronal loss. Due to the limited 
effectiveness of current treatments, plant-derived compounds are gaining attention for their neuroprotective potential. 
Onion peels are particularly rich in quercetin, its glycosides, and other flavonoids and phenolic compounds known for 
their antioxidant and anti-inflammatory properties. This review summarizes existing scientific evidence on the 
neuroprotective effects of Allium cepa peel, based on studies retrieved from PubMed, Google Scholar, and ScienceDirect. 
Preclinical studies indicate that onion peel extracts can reduce oxidative stress, modulate inflammation, support 
mitochondrial function, and improve cognitive performance. Quercetin is identified as the primary active compound, 
along with minor contributions from other phenolics and sulphur-containing compounds. Overall, Allium cepa peel 
shows promising neuroprotective potential; however, further human studies are required to confirm its mechanisms 
and clinical applicability. 
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1. Introduction

Allium cepa (onion) is well known vegetable that is used daily in our meals due to its vast nutritious values. Onions are 
native to Asia, and varieties like red, yellow, white are widely use.as a food item, onion is generally used as vegetable 
ingredient in cooking.it can also be eaten in raw form as a salad, used in spice .as an herbal medicine onion is used for 
treating cough. Asthma. Bronchitis, etc. Several benefits of onion are due to potential phytocompounds such as 
flavonoids, anthocyanins, organ sulphur compounds, phenolic acids, etc[1], [2] .The lacrimatory effect of onion is due to 
enzymes like alliinase and sulphur compounds[3]. Onion contains several important phytoconstituents such as 
quercetin, quercetin glycosides and kaempferol. This phytoconstituents exhibits several pharmacological activities like 
antioxidant, anti-inflammatory, anti-allergenic, neuroprotective, cardioprotective, anti-diabetic, antifungal, etc[4]. 
Outer peel of onions contains more flavonoids than edible bulb[5]. Quercetin is major flavanol present in outer peel as 
compared to edible flesh[6]. There are several quercetin derivatives identified in outer peel such as quercetin 3,4’-
diglycoside, quercetin-7,4’-diglycoside, iso rhamnetin-3,4’diglycoside, quercetin-3-glycoside, quercetin-4’-gluco side, 
isorhamnetin-4’-glycoside, protocatecoyl quercetin, quercetin dimer 4’-glycoside, quercetin dimer hexoxide, quercetin 
dimer, and quercetin trimer, etc[7]. Presence of these important phytoconstituents in onion outer peel possess 
neuroprotective potential. Thus, powder form or extract of onion peel can be used in neurodegenerative diseases. 
Consumption of allium cepa for long term can produce preventive effect on the incidence of neurodegenerative 
diseases[8]. 
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Allium cepa and its outer peel contains several bio constituents and have been extensively studied and several original 
and review articles were published on their pharmacological, nutritious effects and health benefits. The present article 
is compilation of data on neuroprotective potential of allium cepa peel enriched with quercetin derivatives and other 
coactive in neurodegenerative diseases. This review will provide mechanistic studies of neuroprotective effects of 
allium cepa peel which is regarded as a waste product and further, can be used therapeutic agent. 

 

Figure 1 Allium cepa L (onion) 

2. Botanical overview[9] 

The genus Allium l. Consists of 1100 recognised species, makes it one of the biggest genera of the family Amaryllidaceae 
and taxonomically significant group in the order asparagales[10]. Allium cepa is the biennial herbaceous plant and 
cultivated annually. It has tunicated bulb, hollow cylindrical leaves, terminal umbels bearing white to purple 
flowers[11]. 

Table 1 Botanical overview of Allium cepa. 

Kingdom Plantae 

Division                                                       Magnoliophyta 

Class  Liliopsida 

Order Asparagales 

Family Amaryllidaceae 

Genus Allium 

Species A. cepa L 

Edible parts  leaves, flowers, seed, root 

3. Morphological characters[12], [13]: 

Table 2 Morphological characteristics features of onion peel. 

S. No. Morphological characters Description 

1 Family Amaryllidaceae 

2 Habit Perennial herb 

3 Stem Underground modified stem forming a fleshy bulb 

4 Root system Fibrous, adventitious 

5 Leaves Sheathing leaves with parallel venation 

6 Bulb Fleshy, underground, cylindrical to globose 

7 Inflorescence Umbel 



International Journal of Science and Research Archive, 2026, 19(01), 725-749 

727 

8 Scape Leafless, hollow flowering stalk (75–180 cm) 

9 Flowers Small, bisexual, actinomorphic, hypogynous 

10 Perianth Six white tepals arranged in two whorls; valvate aestivation 

11 Androecium Six epipetalous stamens 

12 Gynoecium Syncarpous, tricarpellary 

13 Ovary Superior, trilocular with axile placentation 

14 Fruit Loculicidal capsule 

15 Seed Endo spermous 

4. Bio compounds in allium cepa peels 

Onion peel i.e. Outer skin of onion is considered as solid waste and these peels consists of various phytochemicals[14], 
[15]. Studies have reported presence of flavonoids[16], phenolics[16], [17], [18], [19]  flavanols [14], anthocyanins [20], 
[21], [22] vanillic acid[23]ferulic acid[23]. Phytochemical profile of allium cepa peel is given in table 2, and some 
structures of important bio compounds given in fig2. 

Highest concentration of phenolics, flavonoids were observed in onion peel as compared to onion bulb[16], [24]. Outer 
peel of onion, top bottom part, brown skin had higher number of total phenolics (19.7, 30.5, 52.7 mg GAE/g), total 
flavonoids (19.5, 25.9, 43.1 QE/g), total flavanols (19.27, 15.29, 7.89 mg/g) as compared to inner scales (9.4 mg GAE/g; 
7.0 mg QE/g; 6.19 mg/g)[14]. Onion peel and skin of yellow onions cultivated in farms of southern Sweden had total 
phenol (mg GAE/g) content ranging from 27.8 to 51.1 and 54.7–68.2 based on dry weight, respectively[25]. Yellow peels 
of onions from the local market of Galati, Romania, reported for having slightly higher total polyphenolic compound 
(97.28 mg GAE/g dw). These onion peels were also reported to have good flavonoid content[23]. Peel extract from the 
onions of Nigerian local market gave yield of 98.52 μ g QE/ml total flavonoids and 664.30 μ g/ml GAE total phenols[18]. 
Ethanolic extract of onion peels obtained from yellow onions had cultivated in Korea had higher amount of phenolic 
and flavonoid compounds, like p -coumaric acid and vanillic acid, epicatechin, morin [26]. However, flavonoids in red 
onion peel (20.22 mg/g), had higher as compared to pearl (19.64 mg/g), and white (0.08 mg/g) variety[16]. Other than 
this, differences in varieties and regions of cultivation the concentrations of phenolic and flavonoid compounds in onion 
peel may also different based on the extraction methods used[27]. Studies concluded that ethanolic extraction resulted 
in yielding highest amount of total flavonoid and phenolics (372.50 mg GAE/g extract; 183.95 mg qe/g extract)[27]. 
Dried red onion skin reported for containing (82.99 to 431.08 mg cyanidin 3-o-glycoside/100 g)[28]. Albishi et.al 
confirmed that red onion skin contains highest number of anthocyanins (10.04mg anthocyanidin-3-glucoside/100g) as 
compared to yellow, white variety[16]. Despite various extraction techniques the main and major flavonoid compound 
identified was quercetin. The compound identified was quercetin and its glycosides derivatives such as quercetin 4’-o – 
glucoside, quercetin 3,4’-diglucoside, and kaempferol were reported for highest amount present in onion skin[29]. 
Ethanolic extraction of onion peel contains (62.39mg/g dw), hot water extraction contains (25.78mg/g dw), swe-110◦c 
contains (44.40mg/g dw), and swe-165◦c contains (12.26mg/g dw) quercetin and this was determined by lee et al[27]. 
Onion peel extracts (acetonic; ethanolic; methanolic) contains several other compounds such as morin(298.37; 158.74; 
341.23μ g/g dm),quercitrin (04.55; 21.49; 31.78μg/g dm),myricetin(00.95; 00.10; 0.46μg/g dm),epicatechin(111.05; 
274.98; 534.86μg/g dm)[24].thus due to rich flavonoids, phenolics compounds having strong antioxidant activity , 
neuroprotective  potential onion peels can be used in neurodegenerative disorders as a vital ingredient in herbal 
therapeutic medicine[30]. 

5. Phytochemical profile of Allium cepa peel 

Table 3 Phytoconstituents present in onion peel.                                      

Variety (region) Extraction 
method 

Bioactive compounds 
identified 

Yield /concentration 
of bio actives 

References 

Yellow onion peel 

(Galati, Romania) 

Ultrasound-
assisted extraction 
(UAE) at 100 W, 40 

Total flavonoids content 
(TFC) 

Total polyphenolic content 
(TPC) 

55.27 mg QE/g dw 

 

97.28 mg GAE/g dw 

Milea et al. 

[25] 
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kHz; for 30 min, 
using 70% ethanol 

Onion solid wastes Ultrasound-
assisted extraction 

Total polyphenols 
Protocatechuic acid, 
protocatechuic acid 
derivative, 2-(3,4- 
dihydroxy benzoyl) 2,4,6-
trihydroxybenzofuran-3(2 
H)-one, quercetin 7,4’-O,O-
diglucoside, cyanidin 3-O-
glucoside, quercetin 3,4’-
O,O-diglucoside, cyanidin 
3-O-malonylglucoside, 
quercetin 4’-O-glucoside, 
isorhamnetin 3-O-
glucoside, quercetin, 
quercetin 4’-O-
glucoside/quercetin 
dehydrate adduct, 
quercetin 4’-O-
glucoside/quercetin 
adduct, quercetin 
dehydrodimer 

21.57–64.91 mg GAE/g 
dw 

Katsampa et al 

[29] 

Onion peel (South 
Korea) 

Ethanol extraction TPC 

TFC 

Quercetin 

372.50 mg GAE/g 

183.95 mg QE/g 

62.39 mg/g dw 

Lee et al 

[27] 

Onion peel (South 
Korea) 

Hot water 
extraction 

TPC 

TFC 

Quercetin 

120.6 mg GAE/g 54.50 
mg QE/g 25.78 mg/g 
dw 

Lee et al 

[27] 

Onion peel (South 
Korea) 

Subcritical water 
extraction: SWE (at 
110ºC and 165ºC) 

TPC 

 

TFC 

 

Quercetin 

218.73 & 56.68 mg 
GAE/g 

119.5 & 27.10 mg QE/g 
44.4 & 12.26 mg/g dw 

Lee et al 

[27] 

     

Onion skin (South 
of Sweden) 

50% ethanol 
containing 0.05 M 
ortho-phosphoric 
acid 

Total phenols 

 

Quercetin-3,7,4-
triglucoside, 

 

p-hydroxybenzoic acid, 

 

quercetin-7,4-diglucoside, 

vanillic acid, 

quercetin-3,4-diglucoside, 

quercetin-3-O-glucoside, 

ferulic acid, 

 

kaempferol-3-O-glucoside, 

54.7–68.2 mg GAE/ g 
dw 

 

26.3 mg/g dw 

 

12.2 mg/g dw 

 

366.4 mg/g dw 

 

20.0 mg/g dw 

444.7 mg/g dw 

 

301.8 mg/g dw 

Below detection levels 

32.2 mg/g dw 

Burri et al. 

[23] 
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isorhamnetin-3-
Oglucoside, 

quercetin-4-O-glucoside, 

quercetin, 

kaempferol. 

10.7 mg/g dw 

1767.6 mg/g dw 

1779.8 mg/g dw 

263.9 mg/g dw 

Onion peel (South 
of Sweden) 

50% ethanol 
containing 0.05 M 
ortho-phosphoric 
acid 

Total phenols 

 

Quercetin-3,7,4-
triglucoside, 

p-hydroxybenzoic acid, 

quercetin-7,4-diglucoside, 

vanillic acid, 

quercetin-3,4-diglucoside, 

quercetin-3-O-glucoside, 

 

ferulic acid, 

kaempferol-3-O-glucoside, 

 

isorhamnetin-3-
Oglucoside, 

 

quercetin-4-O-glucoside, 

 

quercetin, 

kaempferol. 

27.8–51.1 mg GAE/ g 
dw 

173.5 mg/g dw 

 

4.1 mg/g dw 

416.2 mg/g dw 

 

12.1 mg/g dw 

952.8 mg/g dw 

 

729.5 mg/g dw 

30.7 mg/g dw 

129.7 mg/g dw 

 

113.7 mg/g dw 

 

1936.6 mg/g dw 

 

623.8 mg/g dw 

93.2 mg/g dw 

Burri et al. 

[23] 

Red onion (Allium 
cepa L) solid waste 
(Muan, South 
Korea) 

Distilled water 
(DWE), 

80% aqueous 
methanol (ME), 
80% aqueous 
ethanol (EE), 

diethyl ether 
(DEE), 

ethyl acetate (EAE), 

n-butanol (BE) 

TPC 

TFC 

quercetin-3,4′-O- 
diglucoside, 

Quercetin-3-O-glucoside 
(isoquercetin) Quercetin-
4′-O-glucoside 
(spiraeoside) 
isorhamnetin- 4′-
glucoside, 

quercitrin glycoside, 

quercetin aglycone 

30.5–415.3 mg GAE/g 

 

10.6–120.6 mg QE/ g 

32.8 mg/100 g 

9.1 mg/100 g 

 

41.6 mg/100 g 

 

6.3 mg/100 g 

57.5 mg/100 g 

 

Nile, et al. 

[30] 

Onion waste 
(outer scales, top, 
bottom, brown 
skin) (Spain) 

70% acidified 
methanol extract 

Total phenolics 

Total flavonoids 

Total flavanols Quercetin, 

quercetin 3’-glucoside, 

quercetin 4’-glucoside, 

quercetin 3,4’-diglucoside, 

isorhamnetin 3,4’-
diglucoside, 

isorhamnetin 4’- glucoside 

19.7–52.7 mg GAE/ g 
dw 

19.5–43.1 mg QE/g dw 

7.89–19.27 mg/g dw 

0.59–1.61 mg/g dw 

0.31–0.42 mg/g dw 

0.32–1.03 mg/g dw 

 

0.34–9.49 mg/g dw 

Benítez et al. 

[14] 
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Figure 2 Some important structures of Bio compounds present in Allium cepa peels 
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6. Quercetin as neuroprotective agent 

Dietary flavonoids have neuroprotective properties (fig no.3) it also includes protection from amelioration of memory, 
learning, cognitive function, protection from neuronal injury by traumatic injury[31], [32]. Quercetin and its glycosides 
are the most commonly occurring flavonoids in abundant amount in onion peels[29]. Quercetin has been reported to 
exert neuroprotective effects against a wide range of neurodegenerative disorders such as Alzheimer’s disease 
(AD)[33], Parkinson disease (PD)[34], Epilepsy[35]. Animal models studies reported that quercetin possesses 
antiepileptic effect ameliorating the oxidative stress, downregulates the inflammatory response[35], [36]. The most 
important feature of quercetin is it can penetrate the blood-brain-barrier (BBB)[37], [38]. Thus, quercetin is a suitable 
therapeutic candidate for various neurological disorders. 

                      

Figure 3 Quercetin and its derivatives effect on neurotransmitters and oxidative stress 

7. Quercetin neuroprotective potential in epilepsy 

Quercetin effects on seizure onset, seizure frequency, and duration: update from experimental findings: 

Antiepileptic activity of quercetin has been investigated in several in vivo studies. In kainic acid (KA) induced seizures 
in BALB/c mice (10 mg/kg), quercetin significantly reduces the KA induced seizure activity determined by decrease in 
seizures scores in quercetin treatment group as compared to ka treated group[35]. Antiepileptic effect of quercetin 
obtained from the plant heterotheca inuloides was also reported in ka induced seizures model in Wistar rats. Oral 
administration of quercetin at the doses of 30,100and300mg/kg there is a dose -dependent reduction in seizures scores 
was observed, also seizure delaying effect were reported in ka group after quercetin treatment[39]. Quercetin at the 
dose of 50 ,100mg/kg dose dependently reduced the seizures scores[40]. 

The antiseizures effect of quercetin was reported in pentylenetetrazol (PTZ) (45mg/kg) and picrotoxin(5mg/kg) 
induced epileptic animal model in male albino rats. Quercetin in the dose of 10mg/kg significantly delayed the onset of 
seizures, reduced the seizures stage and also reduced the generalised seizures duration in (PTZ) group[41]. Quercetin 
(20mg/kg) significantly reduced the onset of seizure in picrotoxin induced seizures group: however, it is observed that 
quercetin (10mg/kg) treated group does not show significant results in delaying onset of seizures. Quercetin in 
10,20mg/kg did not reduce the seizures scores in picrotoxin treated group[41]. 

The antiepileptic effect of quercetin has been studied in several models of epilepsy, it includes model of psychomotor 
seizures induced by 6-hz stimulation, maximal electroshock (MES) and PTZ [42]. During 6- Hz seizure test in mice 
quercetin showed anticonvulsant effect 30-60 min post injection. However, in MES test in mice quercetin (100–800 
mg/kg) did not significantly change the seizure threshold. Also, quercetin (100-800 mg/kg) did not significantly change 
any parameters of first myoclonic twitches, generalized clonus, and forelimb tonus seizures in PTZ infusion test[42]. 
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The seizure preventive effect of quercetin at single dose and multiple doses  were also investigated in acute and chronic 
model of PTZ induced seizures where , PTZ (90mg/kg) is administered via intraperitoneal(i.p.), quercetin given in (50-
100mg/kg) dose  delayed the latency of generalized tonic -clonic seizures onset(GTCS).however, quercetin (25mg/kg) 
at multiple oral and intraperitoneal administration for 7days  30min before PTZ) delayed seizure onset and decreased 
GTCS  duration[43]. In PTZ kindling chronic seizure model, quercetin (25, 50, 100, and 200 mg/kg) pretreated prior to 
each kindling differentially altered the stages kindling development stages[43]. All these studies reflect that acute 
intraperitoneal and multiple oral administration of quercetin did not affect the PTZ-induced GTCS. 

Table 4 Summarizing effect of quercetin in epilepsy 

Sr.no Animal model Treatment regimen Observation References 

1. KA (10mg/kg, I.P.)-
induced seizure in 
male BALB/c mice 

Quercetin (50 and 100 
mg/kg I.P.) daily for 7 
days; on the last day, KA 
was injected 30 min after 
the administration of 
quercetin. 

Quercetin reduced the seizure severity 
score in animals in a dose dependent 
manner. Quercetin significantly 
decreased the overexpression of GABAA 
a5 receptor gene. 

[40] 

2. KA (10mg/kg I.P.)-
induced seizure in 
male BALB/c mice 

Quercetin (50 and 100 
mg/kg, I.P.) for 6 days 
and, on the 7th day 
injections of KA were 
administered 30 
minutes after the 
quercetin injections 

The mRNA levels of the GABAA receptor 
b3 subunit were higher in the KA group. 
Pretreated quercetin prevented increase 
in the mRNA levels of the b1 and the b3 
subunits of the GABAA receptor. 

[47] 

3. KA (10mg/kg, I.P.)-
induced seizure in 
male BALB/c mice 

Quercetin (50 and 100 
mg/kg, I.P.) was 
administered daily for 7 
days, and on the last day, 
KA was injected 30 
minutes after 
administration of 
quercetin. 

GluR1 gene expression levels in the KA 
group were decreased after 7 days. It 
was observed that quercetin at a dose of 
100 mg/kg increases the overexpression 
of GluR1 subunit gene in the 
hippocampus. Quercetin (100 mg/kg) 
significantly increased the level of 
NR2AandNR2Bsubunit gene expression 
in the hippocampus. 

[51] 

4. Psychomotor seizures 
(6-Hz seizures) were 
induced via corneal 
stimulation on male 
Swiss mice (0.2 ms 
square pulse at 6 Hz 
for 3 s) using Grass 
S48 stimulator 
coupled with a 
constant current unit 

In order to determine 
the time-course of 
anticonvulsant effect of 
quercetin (400 mg/kg, 
I.P.) in the 6 Hz test in 
mice, quercetin was 
injected and tested at 15, 
30, 60, 120, and 240 min 
post injection time 
points. 

Quercetin gave anticonvulsant effect 30-
60min after their injection in the 6-Hz 
seizures taste in mice. Statistical analysis 
did not demonstrate differences 
between seizure thresholds determined 
30 and 60 min after quercetin 
administration. 

[44] 

5. PTZ (35 mg/kg, I.P., 15 
injections total)-
induced seizure in 
Wistar rats 

25, 50, or 100 mg/kg of 
quercetin I.P. was given 
30 min before 
administration of PTZ 
every other day. 

Pretreatment with 50 mg/kg of 
quercetin attenuated the seizure 
severity of the kindling procedure. 
Quercetin 50 mg/kg significantly 
enhanced memory retrieval in the 
retention tests of a passive avoidance 
task compared to the control. MDA levels 
were significantly increased in the 
quercetin groups in the hippocampus 
and cerebral cortex following PTZ 
kindling. 

[79] 
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6. 

 

 

 

 

PTZ (35 and 90mg/ kg, 
I.P.)-induced seizure 
in male Wistar rats 

 

Quercetin (25, 50, 100, 
200 mg/kg, I.P. or 
gavage) was 
administered for 7 days 
and on the last day PTZ 
was administered 30 
min after the 
administration of 
quercetin. 

Quercetin significantly increased time to 
death compared with that of the control. 
On the test day (day 33), 100 mg/kg 
quercetin significantly increased GTCS 
onset compared with the control. 100 
mg/kg quercetin significantly reduced 
GTCS duration compared with the 
control. 200 mg/kg quercetin did not 
show an anticonvulsive effect, and the 
duration of GTCS was not significantly 
reduced. 

[43] 

7. 

 

One week after 
surgery and animal 
recovery, using 
stimulus isolated from 
amygdala of male 
Wistar rats kindling 
model was prepared 

Quercetin (40 
mg/kg/day, I.P., 
dissolved in propylene 
glycol) was received for 
three weeks. 

Quercetin administration inhibited 
amygdala electrical kindling in all 
respects including its seizure severity 
and duration. Quercetin pretreatment 
caused lower seizure intensity. 

[81] 

8. KA (10mg/kg, I.P.)-
induced seizure in 
BALB/c mice 

Quercetin-3-O-
rutinoside (rutin) (100 
and 200 mg/kg, I.P.) for 
7 d, and on the last day, 
KA was injected 30 min 
after administration of 
rutin. 

Quercetin reduces the occurrence of 
seizures and the MDA substance 
involved in oxidative stress in the 
hippocampus. 

[82] 

 

 

 

 

9. KA (10mg/kg I.P.)-
induced seizure in 
Wistar rats 

In the groups treated 
with methanolic and 
acetonic extracts of H. 
inuloides and quercetin 
(30, 100, and 300 mg/kg, 
orally) for six days prior 
to KA administration for 
assessment of their 
protective effects. 

Dose-dependent effects on the all-
natural product groups vs. the control 
group, with decreases in seizure severity 
and increases in seizure latency on lipid 
peroxidation and carbonylated proteins 
in all brain tissues. 

[39] 

10. Lithium chloride (125 
mg/kg, I.P.)-
pilocarpine (10 
mg/kg, I.P.)-induced 
SE in male SD rats 

The rats in the 
quercetin-treated SE 
group received 
quercetin treatment (50 
mg/kg I.P.) 15 min after 
SE onset. All SE rats 
received chloral hydrate 
(10%, 3 ml/kg, I.P.) to 
terminate epileptic 
attacks. 

Study found expression alterations of X-
linked inhibitor of apoptosis protein and 
caspase-3 protein in post SE 
hippocampus, along with an alteration in 
the number of apoptotic and surviving 
neurons. 

[83] 

11. KA (10mg/kg, I.P.)-
induced seizure in 
BALB/c mice 

In the KA+quercetin 
group, the mice were 
injected with quercetin 
(10 ml, 100 mg/kg, I.P.) 
daily for one week and 
on the last day, KA was 
administered 30 min 
following injection with 
quercetin. 

Microglia cells in the KA group had 
higher TNF a and IL-1b expression levels 
in the culture medium and then 
decreased with quercetin. The 
expression levels of the molecule IBA1 
involved in NF-jB and microglia 
phagocytosis increased in microglia cells 
in the KA group treated with quercetin. 

[35] 
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12. PTZ (36.5mg/kg, I.P.)-
induced seizure in 
male NMRI mice 

Quercetin-loaded NPs 
were prepared using an 
iron oxide core coated 
with bCD and pluronic 
F68 polymer. Quercetin 
or its nano-formulation 
(25 or 50mg/kg I.P.) 
were administered 10 
days before PTZ 
injections. 

Compared to free quercetin, quercetin 
NPs were observed to significantly 
reduce seizure behaviour, neuronal loss, 
and astrocyte activation in the PTZ 
model. 

[84] 

8. Quercetin modulates neurotransmitters 

Flavonoids can modulate the activity of neurotransmitters in central nervous system (CNS). Quercetin plays a significant 
role in multiple cellular and molecular mechanisms; it also regulates the neurotransmitters in the brain[36]. The most 
imp action of quercetin is it can modulate gamma -aminobutyric acid (GABA), glutamate, adenosine, acetyl choline, 
serotonin, glycine receptors[42]. Because of their central involvement in controlling neuronal excitation and inhibition, 
GABA and glutamate have attracted significant research interest. Among them, gamma-aminobutyric acid (GABA) 
serves as the principal inhibitory neurotransmitter in the central nervous system (CNS). It exerts its effects primarily 
through receptors associated with chloride (Cl⁻) ion channels. Activation of GABA (a) receptors increase chloride influx 
into neurons, leading to membrane hyperpolarization and a reduction in neuronal excitability. In this way, GABAergic 
signaling plays a critical role in maintaining the balance between excitation and inhibition within neural circuits[44]. 

Experimental studies suggest that flavonoids possess antiepileptic properties, partly through their interaction with the 
GABA-a receptor–chloride channel complex. Owing to certain structural similarities with benzodiazepines, flavonoids 
are believed to modulate this receptor system, thereby enhancing inhibitory neurotransmission and reducing neuronal 
hyperexcitability[45]. Schipper and colleagues proposed that GABA-a receptors may represent a promising therapeutic 
target in the management of temporal lobe epilepsy (TLE). Given their central role in mediating inhibitory 
neurotransmission, modulation of these receptors could help restore the imbalance between excitation and inhibition 
that characterizes temporal lobe epilepsy (TLE)[46]. In a kainic acid (ka, 10 mg/kg, i.p.)–induced seizure model, an 
upregulation of the GABA-a α5 receptor subunit gene expression was observed. Notably, administration of quercetin at 
doses of 50 and 100 mg/kg significantly attenuated this elevated expression. Furthermore, quercetin treatment 
produced a dose-dependent reduction in behavioral seizure scores, indicating its potential modulatory effect on 
GABAergic signaling and seizure severity [46]. Consistent with these findings, another study reported that quercetin 
(100 mg/kg) significantly downregulated the gene expression of the GABA-a receptor β1 and β3 subunits in the 
hippocampus in a kainic acid (ka, 10 mg/kg, i.p.)–induced seizure model. These results further support the modulatory 
role of quercetin on GABAergic signaling pathways during seizure conditions[47]. The upregulation of GABA receptor 
expression observed in epilepsy may reflect an adaptive or compensatory response to ongoing neuronal 
hyperexcitability. This increased expression likely represents an intrinsic attempt of the brain to restore the disrupted 
balance between excitation and inhibition that characterizes epileptic pathology[48]. This elevated receptor expression 
may represent an intrinsic neuroprotective response aimed at counteracting the excitotoxic damage associated with 
recurrent seizure activity. By enhancing inhibitory signaling, the brain may attempt to limit excessive neuronal firing 
and reduce seizure-induced neuronal injury[49]. 

L-glutamate is the principal excitatory neurotransmitter in the central nervous system (CNS), playing a crucial role in 
maintaining synaptic plasticity and facilitating processes such as learning, memory formation, and the development of 
new neural networks. Upon release from presynaptic terminals, glutamate binds to postsynaptic receptors, including 
ionotropic receptors—AMPA and NMDA—as well as g protein–coupled metabotropic glutamate receptors. Through 
activation of these receptor systems, glutamate regulates excitatory neurotransmission and synaptic signaling [50]. 
Following its release from presynaptic terminals, glutamate binds to postsynaptic receptors, including ionotropic 
receptors such as AMPA and NMDA, as well as g protein–coupled metabotropic glutamate receptors. Activation of these 
receptor systems mediates excitatory synaptic transmission and plays a central role in regulating neuronal 
communication[50]. In a kainic acid (ka, 10 mg/kg, i.p.)–induced seizure model, the expression of specific glutamatergic 
receptor subunits was investigated, including glur1 of the AMPA receptor and nr2a and nr2b of the NMDA receptor. 
Administration of quercetin (100 mg/kg, i.p.) Was found to significantly upregulate the gene expression of glur1, nr2a, 
and nr2b subunits. These findings suggest that quercetin may modulate glutamatergic receptor dynamics in the context 
of seizure activity[51]. The observed upregulation of glutr1, nr2a, and nr2b subunits may indicate that quercetin 
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contributes to the regulation of synaptic plasticity. By modulating the expression of key glutamatergic receptor 
components, quercetin could influence synaptic remodeling and functional recovery in seizure conditions. 

Quercetin’s impact on neurotransmission goes beyond simply altering receptor expression levels. It also plays an 
important role in regulating the functional activity of NMDA receptors. When NMDA receptors are excessively activated, 
they cause prolonged neuronal depolarization and allow an abnormal influx of calcium ions (Ca²⁺) into postsynaptic 
neurons (fig.4). This rise in intracellular calcium disrupts cellular balance and triggers a cascade of harmful events, 
including oxidative stress, mitochondrial dysfunction, and activation of cell death pathways. Over time, these processes 
contribute to neuronal degeneration and loss, which are key features of epileptic brain injury. 

By moderating NMDA receptor activity, quercetin helps prevent calcium overload and reduces excitotoxic damage, 
thereby supporting neuronal survival and maintaining synaptic stability during seizure conditions[52]. 
Pentylenetetrazol (PTZ) is a widely used chemical convulsant in experimental epilepsy models. It induces seizures 
primarily by antagonizing GABA-a receptors, thereby reducing inhibitory neurotransmission. This imbalance enhances 
neuronal excitability, indirectly facilitating glutamatergic overactivation, including NMDA receptor stimulation. The 
resulting excessive activation promotes increased Ca²⁺ influx into neurons, contributing to neuronal hyperexcitability 
and seizure generation[53]. Quercetin has been reported to act as a functional antagonist of NMDA receptors. By 
modulating NMDA receptor activity, it helps limit excessive calcium influx into neurons, thereby reducing excitotoxic 
damage. This inhibitory effect on NMDA-mediated signaling contributes to its neuroprotective potential, particularly in 
conditions such as epilepsy where glutamate-induced excitotoxicity plays a central role[45]. NMDA receptor antagonists 
are well-recognized for their potent anticonvulsant properties and are also employed in certain clinical settings. By 
inhibiting NMDA receptor activity, these agents reduce the excessive influx of Ca2+ into neurons. This limitation of 
calcium entry prevents abnormal neuronal hyperstimulation, thereby protecting against excitotoxic damage and 
seizure propagation [54]. Since glutamate is the principal excitatory neurotransmitter in the central nervous system, 
excessive glutamatergic signaling plays a pivotal role in seizure initiation and propagation. Overactivation of ionotropic 
glutamate receptors—particularly the n-methyl-d-aspartate (NMDA) receptor—leads to increased intracellular calcium 
influx, neuronal hyperexcitability, oxidative stress, and ultimately excitotoxic neuronal damage, all of which are central 
to epileptogenesis. 

In this context, quercetin, a bioactive flavonoid abundantly present in onion peel, demonstrates promising antiepileptic 
potential. Experimental evidence suggests that quercetin can attenuate glutamate-mediated excitotoxicity by 
modulating NMDA receptor activity, reducing calcium overload, and suppressing downstream oxidative and 
inflammatory cascades. By limiting NMDA receptor overactivation, quercetin may help restore the balance between 
excitatory (glutamate) and inhibitory (GABAergic) neurotransmission—an imbalance that is a hallmark of epilepsy. 

 

Figure 4 Glutamate binds to NMDA receptor led to overload of calcium ions that causes neuronal excitation 
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Figure 5 Quercetin blocks the Ca2+ ion channels, reduce calcium influx leading to prevent neuroexcitation 

 

Figure 6 Quercetin stimulate k+ ion channel influx prevents seizures 

 

Figure 7 Quercetin blocks sodium ion channels prevent neuroexcitation 
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Figure 8 LPS, which binds to TLR-4 during neuroinflammation, causes cytokine production within the cell. Quercetin 
may inhibit the formation of cytokines by binding to NF-kB in the cell nucleus 

 

Figure 9 Inflammatory substances released into the blood cause phagocytosis and neuronal damage in the 
epileptogenesis 

 

Figure 10 Quercetin prevents free radicle generation thus, prevent oxidative stress production 
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Figure 11 Quercetin binds to intracellular and extracellular pro- oxidant enzymes prevents mitochondrial damage 

9. Quercetin modulates ion channels 

Currently, nearly 25% of the genes implicated in epilepsy encode ion channels, underscoring the critical role of channel 
dysfunction in seizure pathophysiology. These genes primarily regulate voltage-gated and ligand-gated ion channels 
that control neuronal excitability, action potential generation, and synaptic transmission[55]. Approximately 25% of 
epilepsy-related genes encode ion channels, indicating that epilepsy is largely a channelopathy characterized by 
dysfunctional regulation of neuronal excitability. Abnormalities in sodium, potassium, calcium, and glutamate receptor 
channels contribute to hyperexcitability and seizure generation. In this context, quercetin may exert antiepileptic effects 
through modulation of ion channels and restoration of excitatory–inhibitory balance, highlighting its relevance in 
understanding ion channel–mediated molecular mechanisms (fig5). Acid-sensing ion channels (ASICs) are proton-gated 
cation channels that contribute to several physiological functions, including synaptic plasticity, learning, memory, and 
nociception. However, excessive activation of asics under pathological conditions—such as tissue acidosis during 
ischemia—can promote neuronal injury. Dysregulated ASIC activity has been implicated in neuronal death and seizure 
generation, particularly during ischemic stroke, highlighting their potential role in epilepsy-related 
pathophysiology[56]. 

Quercetin has been demonstrated to inhibit ph-induced currents in Chinese hamster ovary (CHO) cells expressing 
different rat ASIC isoforms. Furthermore, quercetin attenuates intracellular Ca2+ elevation and reduces cell death 
triggered by acidic conditions in hek-293 cells expressing asic1a and ASIC2a. These findings suggest that quercetin may 
exert neuroprotective effects by modulating acid-sensing ion channel activity and limiting acid-induced excitotoxic 
damage[57]. Investigating the effects of quercetin on seizure progression mediated through ASIC channel inhibition 
may provide valuable insights into its underlying molecular mechanisms[58]. Such studies could help clarify how 
modulation of acid-sensing ion channels contributes to its potential anticonvulsant and neuroprotective actions. 
Ca2+activated k⁺ (BKCa) channels are key regulators of neuronal excitability and play an important role in seizure 
pathophysiology. These large-conductance channels couple membrane depolarization with intracellular Ca2+ levels to 
control action potential repolarization and firing frequency. Interestingly, both excessive activation and inhibition of 
BKCa channels have been associated with epileptic seizures, reflecting their complex and context-dependent role in 
modulating neuronal network excitability[59]. The effects of quercetin-loaded liposomes (PCL-Q) on BKCa channel 
activity were evaluated in mouse myocytes under H₂O₂-induced oxidative stress. The findings demonstrated that PCL-
Q enhances BKCa channel activation, suggesting a protective role against oxidative stress–mediated cellular dysfunction. 
This modulation of BKCa activity may contribute to the electrophysiological stabilizing and neuroprotective effects of 
quercetin [59]. In this context, although activation of BKCa channels by quercetin may exert protective and stabilizing 
effects, excessive or inappropriate activation of these channels can also contribute to seizure generation. Therefore, the 
precise role of BKCa modulation in epilepsy remains complex and context-dependent. Further studies are required to 
clarify how quercetin-mediated BKCa activation influences seizure susceptibility and epileptogenesis. 

Mutations in genes encoding the voltage-gated potassium channel7(kv7), particularly kcnq2 and kcnq3, have been 
strongly linked to a spectrum of epileptic disorders. These range from benign familial neonatal seizures to severe 
developmental and epileptic encephalopathies. Dysfunction of kv7 channels impair neuronal repolarization and 
enhances membrane excitability, thereby increasing susceptibility to recurrent seizures[60]. Pharmacological 
stimulation of kv7.2 and kv7.3 potassium channels has been shown to exert significant antiepileptic effects in clinical 
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settings, highlighting their crucial role in regulating neuronal excitability in humans [61]. Quercetin has been reported 
to enhance the activity of kv7.1, kv7.2, kv7.3, and kv7.4 (fig6) potassium channel currents, indicating its modulatory 
influence on multiple kv7 channel subtypes. However, this potentiating effect was not observed in kv7.5 channels, 
suggesting a degree of subtype selectivity in its mechanism of action[62].  Quercetin has been shown to stimulate the 
activity of Na⁺–k⁺–2cl⁻ cotransporter 1 (NKCC1), a key ion transporter responsible for maintaining intracellular 
chloride homeostasis. Through activation of nkcc1, quercetin may promote an increase in cytosolic cl⁻ levels, thereby 
influencing neuronal ionic balance and excitability[63]. It has been investigated that seizures activity was delayed and 
it was observed that NKCC was overexpressed[64]. However, quercetin stimulates NKCC activation, it can say that the 
antiepileptic effect of quercetin is due to other mechanism pathway and not this. 

P2x4 receptors are ATP-activated ion channels present on the cell surface as well as inside the cell in structures such as 
vesicles, vacuoles, lamellar bodies, and lysosomes. These receptors open when they detect extracellular ATP and allow 
positively charged ions to enter the cell. In epilepsy, the expression of p2x4 receptors on microglial cells is increased, 
indicating their involvement in seizure-associated neuroinflammation[65]. Research studies have done reporting that 
quercetin treatment block p2x4 expression diabetes induces rats[66]. It is important to investigate quercetin 
mechanism of action on p2x4 in epilepsy. 

It has been studied that voltage-dependent Ca2+ channels regulates the neuronal excitation and blockers of this ion 
channel are used clinically for seizure control[67]. Studies also shown that the transient receptor potential canonical 
channel 3 (TRPC3), a specific type of ion channel present in brain cells may involve in epileptic seizures episodes[68]. 
Studies shows that quercetin can blocks l-type voltage-dependent Ca2+ channels and TRPC3. These channels allow 
calcium entry into nerve cells which is important for nerve functions. However, excessive calcium entry into nerve cells 
can produce nerve excitability. Thus, by blocking these ion channels quercetin may produce its neuroprotective 
activity[69]. In some people with epilepsy, mutations in voltage-gated na+ (Nav) have been identified. These channels 
are responsible for initiating and transmitting electrical signals in neurons. Changes (mutations) in these ion channels 
cause them to remain open longer or stimulate easily, they allow excessive sodium ions into nerve cells, causing neurons 
more excitable[70]. Studies done on isolated ca1 pyramidal neurons from the rat hippocampus, quercetin was found to 
reduce the amount of sodium ions entering the nerve cells during electrical activity[71]. Since, the Na+ ion plays an 
important role in neuronal excitation, quercetin might be a promising neuroprotective candidate by suppressing Nav 
channels(fig.7). 

10. Quercetin mitigates oxidative stress in epilepsy 

Oxidative stress develops when there is an imbalance between reactive oxygen species (ROS) and bodies antioxidant 
defence system[72]. Oxidative stress contributes a significant role in various neurological disorders such as neuro 
excitotoxicity, neuroinflammation, neurodegeneration[73]. It is believed that intense and abnormal neuronal excitation 
during seizures episodes can lead oxidative damage. Due to abnormal neuronal firing, excessive glutamate releases and 
activates NMDA receptors and cause oxidative stress. Due to this cellular component gets damaged. Also, 
overproduction of ROS can lead to dysregulate intracellular homeostasis[74], [75]. Thus, compounds like quercetin and 
its derivatives having high antioxidant activity can be used as therapeutic neuroprotective candidate in oxidative stress 
associated with epilepsy and neuroinflammation and neurodegeneration(fig10). 

Quercetin and its derivatives exert its effects on various significant target molecule and various enzymes[76]. 
Glutathione (GSH) an antioxidant enzyme modulates the oxidative stress by changing the activity of NADPH oxidase 
(NOX), paraoxonase (PON) enzymes, and nuclear factor e2-related factor 2-antioxidant response element (nrf2-are) 
pathway. Quercetin and its derivatives having antioxidant properties has the ability to increase antioxidant cellular 
capacity by increasing GSH levels. GSH acts as a hydrogen donor in the conversion reactions of the formed o2– radicals 
to nontoxic h2o[77], [78]. 

Several preclinical studies have determined effect of quercetin on oxidative stress in the animal models of seizures. In 
a ka induced seizures animal model in rats, quercetin significantly increases the activity of antioxidant enzymes such as 
catalase (CAT), superoxide dismutase (sod), glutathione peroxidase (GPx), and significantly decreases malondialdehyde 
(MDA) levels in the brains of rats[39]. 

In a PTZ kindled model, quercetin treatment (25, 50 and 100mg/kg, i.p.) Significantly increases MDA levels in the 
hippocampus and cerebral cortex as compared to PTZ kindled group[79]. These studies suggest that quercetin can 
produce both antioxidative and prooxidative effects(fig11). Quercetin metabolites are also thought to produce 
prooxidative effect, mild oxidative stress production led to increase in antioxidant defence of the cell and acts as 
cytoprotective[80].in a study conducted on amygdala stimulus kindling model, quercetin  40mg/kg inhibited seizure 
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severity and seizure duration[81].in a ka(10mg/kg i.p.) Induced seizures in BALB/c mice model, quercetin-3-o 
glucoside(100,200 mg/kg)reduced the onset of seizures[82].in a lithium chloride(125 mg/kg i.p)-pilocarpine(10mg/kg 
i.p)se rat model , quercetin (50mg/kg i.p.) Altered the apoptotic neurons[83].in a ptz (36.5mg/kg i.p.) Induced seizures 
in NMRI mice model, quercetin nanoparticles reduced the onset of seizures , severity of seizures[84]. However, studies 
about the antioxidant effect of quercetin and its metabolites in epilepsy are insufficient and needs more researches on 
the relevant pathophysiology involved in epilepsy. 

11. Quercetin supresses inflammatory responses in epilepsy 

Neurodegeneration and neuroinflammation can worsen the epileptic seizures. Anti -inflammatory drugs are used in 
epilepsy to prevent chronic consequences[85]. Microglial cells play a significant role in neuroinflammatory pathways 
involved in seizures progression[86]. Seizures stimulation rapidly activates microglia’s, results in neuronal 
excitotoxicity and neurodegeneration[87]. Arachidonic acid cascade pathway, high mobility group box protein1 
(HMGB1), heat shock protein 70, interleukin-1 (il-1) and toll like receptor (TLR4) plays significant role in inflammatory 
progression[88], [89], [90], [91]. Seizures production for long term and release of proinflammatory cytokines can cause 
disruption of BBB and infiltration of leucocytes[92]. Studies have revealed that il-1b overexpression can cause 
epilepsy[93]. HMGB1 is a proinflammatory cytokine which is studied and used as a therapeutic target in epilepsy[94], 
[95], [96]. Studies reported that inflammatory biomarker associated with microglia, macrophages, antigen-presenting 
cells increased after seizures(fig9.)[97], [98]. 

Flavonoids such as quercetin and its derivatives can be an antiepileptic therapeutic candidate due to their significant 
anti-inflammatory, anti-oxidative, neuroprotective potential. These bio compounds act by decreasing inflammatory 
responses by blocking expression of proinflammatory cytokines in seizures(fig.8)[99]. Current research suggests that 
flavonoids beneficial effects in neurological disease such as epilepsy is associated with regulation of antioxidative and 
anti-inflammatory mediators such as GSH, superoxide dismutase and cytokines[100]. Flavonoids inhibit the 
inflammatory mediators such as ROS and no also, inhibits regulation of inflammatory enzymes such as Coxs and 
inducible nitric oxide synthase(iNOS), modulates transcription factors such as NF-KB[101], [102], [103]. 

Microglia associated neuroinflammation has been reported to show significant role in epilepsy [87]. It has been reported 
that microglial cells in the ka (10 mg/kg, i.p.) Had increased TNF-α and IL-1B expression, which were decreased after 
quercetin treatment. It was observed that ionized calcium-binding adapter molecule 1 (IBA1) is the molecule involved 
in the phagocytosis of microglia and NF-KB, its expression levels were increased in the microglia cells of ka group 
treated with quercetin. It has been reported that quercetin suppresses the ka induced epilepsy by blocking the activation 
of microglia cells[35]. 

Several research studies concluded that there is a direct correlation between IL-1 higher levels and febrile seizures in 
the hippocampus. Thus, il-1 is considered as one of the most important initiators of febrile response and neuronal 
excitotoxicity leading to generation of seizures[104], [105]. Ka (1.75 mg/kg, i.p.) Induced epilepsy model, quercetin 
therapeutic effect in prenatal febrile seizures associated to stress was studied. On 14th day postnatal, rat pups were 
injected with lipopolysaccharide (lps, 200 mg/kg, 0.2 ml, i.p.) And treated with quercetin (10mg/kg i.p.).in this study, 
quercetin was shown to attenuates il-1b levels and treat febrile seizures. 

However, LPS was unable to suppress excessive levels of il-1 in the inducer group. LPS injection caused a sudden 
inflammatory response characterized by an increased systemic proinflammatory cytokine. Studies have been done and 
shown quercetin limited effect in on released proinflammatory cytokines, exceeds bbb, activates glial cells to release 
more IL-1B(fig8)[106]. 

Quercetin treatment decreases the levels of proinflammatory cytokines in presence of both febrile seizures and prenatal 
stress related to epilepsy. However, quercetin can increase the proinflammatory cytokines levels in presence of only 
febrile seizures [106]. Currently, for increasing bioavailability of the bio compounds nanotechnology-based drug 
delivery systems have been used[107]. Quercetin nano-encapsulated form has been shown to lower the cellular 
oxidative stress and enhance neuronal protection in the hippocampus in a model of cerebral ischemia-induced brain 
injury[108]. Mucoadhesive nano emulsion loaded quercetin treated intranasally has been shown to increase the 
bioavailability of quercetin and its transport to BBB [109]. It has been concluded that nano-quercetin coated with 
triphenyl-phosphonium reduced the brain histopathological severity by maintaining the functionality and structural 
integrity of mitochondria in cerebral-ischemia -reperfusion brain injury. 

It has been reported that quercetin-loaded silica nanoparticles (NPs) significantly lowered the production of 
proinflammatory cytokines[110]. Quercetin nanoparticles have been shown to reduce the seizure severity, neuronal 
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loss and astrocyte stimulation in the PTZ model. Thus, quercetin nanoparticles are novel therapeutic dosage form 
against epilepsy[111]. Nanoparticle’s based delivery system enhances permeation of quercetin into BBB to provide 
neuroprotection. 

12. Polyphenols in onion peel 

Onion peel contains numerous polyphenolic compounds such as flavanols, anthocyanins and tannins[112], [113]. Study 
concluded that there are 9 main phenolic compounds present in onion peel[114]. Beside quercetin and its derivatives, 
ferulic acid, gallic acid, protocatechuic acid, kaempferol presence was reported in red onion peel extracts[115]. These 
phenolic compounds are present in minor quantity in peel as compared to quercetin and its derivatives. These 
polyphenols were reported to show strong antioxidant, anti-inflammatory effects[116]. They were also shown 
neuroprotective potential thus, these bio compounds can show synergistic effect with quercetin and its derivatives 
present in onion peel. In a PTZ (10mg/kg i.p.) Induced seizures rat model morin decreased TNF-α, IL-1B expression in 
the hippocampus and reduced the seizure score[117].Myricetin increased the GABA level while decreasing glutamate 
in PTZ (100mg/kg i.p) mice model[118].ferulic acid (75mg/kg i.p) decreases severity score in PTZ(30mg/kg i.p) rat 
model[119].In a pilocarpine (25mg/kg i.p.)Induced seizures in rat model protocatechuic acid downregulates the 
oxidative stress[120].reduced oxidative stress were observed in PTZ(50mg/kg i.p.) Induced seizures in rats by vanillic 
acid[121].Daily intake of cyanidin-3-0glucoside improve neurobehavioral function[122]. Kaempferol and epicatechin 
(100mg/kg p.o.) Decreased TNF-α, IL-6, NF-KB[123]. 

Table 5 Summarizing effect of polyphenols other than quercetin present in onion peels. 

Sr.no bio 
compounds 

Animal model Observation  References 

1. morin PTZ induced seizures Rat 
model (10mg/kg i.p.) 

Decreased TNF-α, IL-1B expression levels. 
Inhibited ep-JAK2/p-STAT3 cascade and 
GFAP expression in the CA1 area. 

[117] 

2. myricetin PTZ -induced mice 
model(100mg/kg) 

Blocks the BDNF-Trkb signalling pathway, 
increased GABA levels while decreasing 
glutamate levels. MMP9 activity 
downregulated dose -dependently. 

[118] 

3. Ferulic acid PTZ kindling Rat model 
(30mg/kg i.p.) 

Ferulic acid at dose of 75mg/kg,100mg/kg 
i.p.) reduced the seizure severity score, 
number of myoclonic jerks, cognitive 
decline, decreased oxidative stress was 
observed. 

[119] 

4. Protocatechuic 
acid 

Pilocarpine induced 
seizures in rat model 
(25mg/kg i.p.) 

Protocatechuic acid was found to reduce 
neurodegeneration and oxidative stress in 
the hippocampus. Microglia activation was 
reduced. 

[120] 

5. Vanillic acid PTZ induced seizures in rat 
model (50mg/kg i.p.) 

Upregulation of Nrf2, HO-1 and IGF-1 in CA3 
hippocampal region, reduced oxidative 
stress, downregulation of GFAP 

[121] 

6. Cyanidin 3-0-
glucoside 

Trimethyl tin chloride 
(TMT) induced 
neurodegeneration mice 
model 

Daily intake of cyanidin -3-0 -glucoside 
improved neurobehavioral, regulate 
astrocyte function, reduced inflammatory 
cytokine levels. 

[122] 

7. Kaempferol PTZ kindled seizures rat 
model 

Kaempferol (100mg/kg p.o.)  
downregulated TNF-α, IL-6, NF-KB. 

[123] 

8. epicatechin PTZ kindled seizures rat 
model 

Epicatechin (100mg/kg p.o.) upregulated 
IL1Ra, IL-4, and IL-10 expression, attenuated 
TNF-α, IL-6. 

[123] 
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Studies conducted on safety of onion peel concluded that there is absence of mortality at 2000mg/kg and ld50 of red 
onion peel extract is greater than 2000mg/kg. Mild toxicity was observed in sub-acute toxicity studies which strongly 
supports the therapeutic safety of red onion peel extract at moderate doses[124]. 

Table 6 Toxicity study of onion peels 

Sr.no toxicity 
models 

Dose observation References 

1. Acute oral 
toxicity 

2000mg/kg orally 
aqueous extract 

No mortality was observed. LD50 dose of extract was 
found to be greater than 2000mg/kg. all animals were 
healthy and normal. 

[124] 

2. Sub -acute 
toxicity 

150, 250,500 
mg/kg orally 
aqueous extract 

Mortality was observed. 500mg/kg decreased the weight 
of animals. Liver function was normal.no effect on blood 
components. At higher dose 500mg/kg may cause mild 
cellular stress. 

[124] 

13. Discussion 

Even though the current availability of antiepileptic drugs and their effects known, they do not inhibit all types of 
seizures. There are more than 25 antiepileptic drugs however, there drugs failed to alter disease condition [125]. Thus, 
investigating herbal therapeutic candidates for epilepsy is important. Red onion peel regarded as waste product consists 
several bio compounds having neuroprotective, strong antioxidant effects and anti-inflammatory effects. The bio 
compounds especially, phytochemicals viz. Flavonoids, anthocyanins, polyphenols present in onion peel make its use 
feasible in epilepsy. Quercetin and its derivatives in major amount and other polyphenols in small amount present in 
onion peel can provide synergistic neuroprotective effect in epilepsy due to strong antioxidant effects of several 
phytochemicals. Overall findings suggest that, rather than using quercetin alone, use of onion peel as a therapeutic 
candidate can provide significant effect in epilepsy. Further research studies are needed for concluding onion peel whole 
extract effect in epilepsy. 

Abbreviations 

• TPC: total phenolic content,  
• TFC: total flavonoid content,  
• KA: kainic acid, 
• PTZ: pentylenetetrazol,  
• NMDA: N-methyl-D- aspartate,  
• GABA: gamma amino butyric acid,  
• TLE: temporal lobe epilepsy,  
• AMPA: α – amino- 3- hydroxy-5 -methyl – 4- isoxazole propionic Acid receptor,  
• GTCS: generalized tonic – clonic seizures,  
• CNS: central nervous system,  
• BBB: blood brain barrier,  
• MDA: malondialdehyde,  
• NKCC: Na-K- Cl cotransporter,  
• TLR: toll- like receptor,  
• CAT: catalase, GSH: glutathione,  
• ROS: reactive oxygen species. 

14. Conclusion 

Allium cepa peel, often considered waste, is a rich source of quercetin and other polyphenols with promising 
neuroprotective effects in epilepsy. These compounds act through multiple mechanisms, including reducing oxidative 
stress, suppressing inflammation, modulating neurotransmitters, and regulating ion channels to control neuronal 
excitability and seizures. While preclinical studies show significant antiepileptic potential and possible synergistic 
effects of various phytochemicals, clinical evidence is still lacking. Therefore, further human studies are needed to 
confirm its safety, efficacy, and therapeutic application. 
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