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Abstract: Neurological disorders continue to represent a significant global health burden, 

ranking among the leading causes of mortality and long-term disability. The persistent lack 

of effective therapeutic interventions reflects an incomplete understanding of the complex 

molecular mechanisms underlying neuronal cell death in the diseased brain. Among these, 

oxidative stress has been identified as a critical secondary injury mechanism that exacerbates 

neuronal damage. Recently, Eichhornia crassipes (Mart.), commonly known as water 

hyacinth, has emerged as a promising source of bioactive compounds with notable anti-

inflammatory and antioxidant properties, making it a potential candidate for the development 

of neuroprotective therapies. This study aimed to assess the neuroprotective potential of E. 

crassipes extracts (ultrasound-assisted maceration), with glycerol extract (GE) emerging as 

the most effective extract, using a cell-based model of oxidative stress-induced by hydrogen 

peroxide (H2O2) in hippocampal HT22 cells. Cell viability of HT22 cells were measured 

through MTT assay, in order to determine cytotoxicity of extracts (0.5 mg/ml – 5 mg/ml) and 

protective effects of the extracts against H2O2 (via co-treatment assay). Our study revealed 
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that H2O2 was able to induce cell viability loss in HT22 cells in a dose-dependent manner, 

and the IC50 value of H2O2 was determined as approximately 655.3 µM. Following the co-

treatment assay, GE at 0.8 mg/ml displayed a significant protective effect by alleviating H2O2 

(700 µM)-induced cell death as compared to the H2O2 alone group (67.4 ± 4.4% viability vs. 

52.4 ± 1.4%, p < 0.05), while aqueous and mixed extracts did not display significant 

protective trend. These preliminary findings suggest that glycerol-based E. crassipes extract 

possesses underexplored neuroprotective potential against H2O2-induced oxidative stress in 

neuronal cells, though further mechanistic and in vivo investigation are required to validate 

these effects and establish translation relevance. 

Keywords: Eichhornia crassipes; water hyacinth; hippocampal neurons; neuroprotective; 

oxidative stress; HT22 cells, antioxidants 

 

1. Introduction 

Oxidative stress arises from the accumulation of free radicals due to dysregulation of 

the redox homeostasis system, leading to persistent cellular damage [1, 2]. This prolonged 

condition is often overlooked as it may take years or even decades to display its observable 

impacts to human health [3]. The hallmark of prolonged oxidative insult is its contribution to 

neuropathogenicity, driving the development of acute and chronic brain diseases including 

stroke, Alzheimer's disease, Parkinson’s disease, and Huntington’s disease [4, 5]. Given that 

neurons are different from other cell types, they are particularly vulnerable to oxidative stress 

due to their high oxygen consumption, lipid-rich composition, and limited regenerative 

capabilities [6, 7]. These cascades collectively trigger downstream events including 

mitochondrial dysfunction, calcium dysregulation, autophagy dysregulation, 

neuroinflammation, and activation of programmed cell death pathways, ultimately leading to 

neuropathogenesis [8–15].  

Despite the actual mechanisms of neurological diseases remain to be elucidated, it is 

proposed that they share similar neuropathological features with varying complexity and 

affecting different neuronal pathways and cell types [16, 17]. Furthermore, due to the scarcity 

of effective treatments, targeting the oxidative stress pathway offers a promising early 

intervention due to their central role in driving cellular-damaging downstream cascades in 

the mechanism, thereby impeding the disease progression and maintaining healthy brain 

functions [18, 19]. Thus, exogenous antioxidants come into play as they can effectively 

counteract the accumulated oxidant, especially when the endogenous antioxidant system is 

compromised [2, 20]. Plants, the cornucopia of beneficial bioactive compounds, have gained 

massive attention in searching novel intervention for neurological diseases due to the broad 

presence of antioxidants such as flavonoids, polyphenols, carotenoids, and alkaloids [21, 22].  

Eichhornia crassipes (Mart.), generally known as water hyacinth, is a floating, 

flowering aquatic plant endemic to the Amazon Basin in South America [23, 24]. It has been 

introduced globally as an ornamental plant in the late 19th century, renowned for its alluring 

flower, as well as its robust adaptability and growth capacity [25, 26]. In the past decade, 
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improper management has turned this plant into an invasive species, leading to a range of 

ecological and socioeconomic challenges [27, 28]. Additionally, its pharmacological potential 

has been valued due to its diverse bioactive compounds such as alkaloids, phenolics, 

flavonoids, tannins, saponins, terpenoids, and sterols [29, 30]. Scientific studies have 

highlighted its activities in wound healing, hepatoprotection, antibacterial, antifungal, anti-

cancer, antioxidant, and anti-inflammatory effects [31–33]. Focusing on its well-established 

antioxidant property, various extracts of water hyacinth from different plant parts have 

displayed ROS and free radicals scavenging, metal-ion chelating and lipid peroxidation-

reducing activities in vitro while a reduction in oxidative stress marker in vivo [34–42]. On the 

other hand, studies have shown the anti-inflammatory effects of water hyacinth extracts via 

inhibiting albumin protein denaturation in vitro and reducing paw oedema in vivo [43, 44]. 

Despite its well-known antioxidant and anti-inflammatory activities which are key 

therapeutic approaches for neurological diseases, study on the neuroprotective potential of E. 

crassipes remains limited [45]. Two previous neuroprotective studies used ethanolic extracts 

of E. crassipes have shown anti-depressant, anti-epileptic and anti-anxiety effects in mice, as 

well as neuroprotection in cerebral ischemic mice model via reduction of infarct sizes, and 

oxidative stress markers [46, 47]. However, both studies did not clarify the direct protection of 

E. crassipes from oxidative injury at the cellular level, while the investigation on its 

neuroprotective potential using an in vitro oxidative stress neuronal model remains limited. 

For in vitro cell-based study, hydrogen peroxide (H2O2) is commonly employed to 

induce oxidative damage in cellular model including neuronal cell lines due to its ability to 

cross cellular membranes and mimic intracellular oxidative stress conditions at defined 

concentrations [48–51]. HT22, an immortalised mouse hippocampal cell line, was selected as 

the in vitro model mainly due to its well-characterized sensitivity to oxidative treatment [52, 

53]. Additional reasons are due its widespread applications use in neuroprotection studies and 

relevance to hippocampal neurodegeneration associated with Alzheimer’s disease [54, 55]. 

Given its known antioxidant activity and the recognized contribution of oxidative stress to 

neurodegeneration, we hypothesized that E. crassipes extracts could directly exert protective 

effects against oxidative injury in hippocampal neurons. Therefore, this study was aimed to 

assess the protective potential of water hyacinth against H2O2-induced cell death using HT22 

hippocampal cell lines. Prior behavioural and neuroprotective outcomes following oral 

administration suggest the potential CNS bioavailability of E. crassipes bioactive 

compounds, however, direct evidence of blood-brain barrier penetration remains to be 

established [45, 46].  

2. Materials and Methods  

2.1. Chemicals 

Solvent used for water hyacinth extraction was an ACS reagent graded plant-origin 

glycerol (≥99.5% purity) from Supelco (Cat. No. 1.04057). Cell culture reagents include high 

glucose Dulbecco's Modified Eagle Medium (DMEM) from Sigma-Aldrich, (Cat. No. 

D6429), fetal bovine serum (FBS) from Capricorn (Cat. No. FBS-12A), penicillin-
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streptomycin antibiotic solution (Pen-Strep) from Sigma Aldrich (Cat. No. TMS-AB2), 

phosphate buffer saline (PBS) from Sigma Aldrich (Cat. No. P7059), and accutase (Sigma 

Aldrich, Cat. No. A6964). Chemicals used for experimental assays were 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) from Sigma Aldrich (Cat. 

No. M2128), AR graded (≥99.8% purity) dimethyl sulfoxide (DMSO) from Fisher Scientific 

(Cat. No. FKCD/4121/PB17), and Puriss. p.a. graded 30% H2O2 from Sigma Aldrich (Cat. 

No. 31642). H2O2 stock solution was prepared freshly in 0.1 M concentration prior to every 

treatment. 

2.2. Plant Collection and Extracts Preparation 

 

Figure 1. Morphological characteristics of Eichhornia crassipes (Mart.) Solms collected from Kinta Nature 

Park, Batu Gajah, Perak, Malaysia. Flowering rosette of E. crassipes displaying leaf arrangement and 

inflorescence. Image was captured by author (Lai Ti Gew). 

Eichhornia crassipes (Mart.) Solms whole plant (Figure 1) was collected from Kinta 

Nature Park located at Batu Gajah, Perak, Malaysia (approximate coordinates: 4.47° N, 

101.03° E) by author (Lai Ti Gew) on 5th January 2023. Coordinates were determined with 

reference to a topographic map of the region (https://en-bw.topographic-map.com/map-

mxkz1h/Kinta/. Accessed on 16 July 2025). The collected specimens were identified based 

on the following morphological features: leaves are green to dark green, round to bowl-

shaped blades, with smooth margin and arcuate venation at the apex and base; the upper leaf 

surface bears a waxy cuticle, providing glossiness and water-repellency. Petioles are inflated 

and spongy, reflecting the aerenchymatous tissue characteristic of the species, which 
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functions in buoyancy and gaseous exchange. Roots are fibrous, dark purple to black in color, 

and hang freely in the water without anchorage to the substrate. Rosettes are interconnected 

by horizontal stolons, expediting the vegetative propagation process. The inflorescence bears 

lavender-to-violet flowers, the uppermost tepal marked with a yellow-centered spot on a 

blue-violet patch, resembling a peacock feather. The plants were observed forming dense 

floating mats along the shoreline and water surface (Figure 1), representing the species’ 

known invasive growth pattern.  

The fresh sample of E. crassipes whole plants were collected and air-dried at room 

temperature (25–30℃) for at least a week under shade, in a well-ventilated area. Once 

constant weight was achieved (no change >5%, over 24 h), the dried samples were kept air-

tight bag and kept in non-humid environment for long term storage. For extraction process 

of water hyacinth, the ultrasound-assisted maceration method was applied. Generally, the 

dried whole plant was pulverized using machine grinder into fine powder. The powder was 

weighed at 500 mg and added to 25 ml of three types of solvents including, glycerol, 

deionized water, and water-glycerol with 1:1 ratio (v/v). The mixtures were vortexed at the 

highest speed (Sigma Aldrich, IKA® Vortex 3, Z654779) and sonicated at 40kHz, 150 W for 

30 minutes under ultrasonic water bath (Cole Palmer, Model: 08895-11), followed by 

immersion at room temperature. These processes were repeated at every 24 hours intervals 

up to three cycles (total 72 hours). After 72 hours maceration, the mixture was centrifuged at 

2000 rpm for 15 minutes at 4℃ (Eppendorf, Model: Centrifuge 5810R), the supernatant was 

filtered using 0.45 µm followed by 0.22 µm nylon syringe filters (BioFlow, Cat. No. 

MALNY25045N and MALNY25022N) and stored at 4℃ for subsequent experiments. The 

dry weight yields of extracts were not determined due to the hygroscopic nature of glycerol. 

2.3. Cell Lines and Cell Cultures 

The HT22 mouse hippocampal neuronal cell line was a precious gift by Assoc. Prof. 

Dr Audrey Lim Wei Ling from Sunway University which was originally purchased from 

Merck Millipore (SCC129). The cells were maintained in high glucose DMEM supplemented 

with 10% (v/v) FBS, and 1% (v/v) of 100× penicillin-streptomycin solution and incubated at 

37℃ with 95% humidified atmospheric air and 5% CO2 levels. Once more than 80% of cell 

confluency was achieved in the T75 culture flask, the cells were detached using Accutase for 

subsequent passaging, 1×106 cells were re-seeded into T75 flask or transferred into cryovials 

for cryopreservation purpose. The passage number of HT22 cells was maintained below 10th 

passage throughout the study. Mycoplasma contamination was routinely checked for every 

post-thaw cell batch and thereafter on a monthly basis using mycoplasma PCR detection kit 

(Applied Biological Materials, Cat. No. G238). 

2.4. Cell Viability Assays 

The MTT reduction assay was applied to determine the HT22 cell viability after being 

exposed to various cytotoxicity screenings and co-treatment assays by following the 

manufacturer’s manual [56, 57]. Prior to cell treatment, HT22 cells were seeded into 24-well 

plates with a density of 5×104 cells/well, and incubated for 24 hr. Instead of using 96-well 
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plate, 24-well plates provided greater growth surface area for HT22 cells, which are known 

to required higher seeding densities for optimal growth and to minimize the edge effects 

associated with 96-well plates in our laboratory setting. 

For cytotoxicity and protective assays, the cells were then treated with a series of 

concentrations of H2O2, water hyacinth extracts, and their combinations for 24 hr. After 

treatment, each well was replenished with 200 µL of fresh media containing 0.5 mg/ml MTT 

reagent and incubated for 3 hours to allow the formation of formazan crystal. The media was 

gently removed and 200 µL of DMSO was added in to each well to dissolve the crystal. 

Additional wells with cell-free MTT solution were included to serve as the background 

readings of the assay; all measurements were subtracted from the averaged background 

reading on every experiment. To account for the potential interference of plant extracts with 

MTT measurement, cell-free wells containing extracts at the tested concentrations were also 

included, and their absorbance values were subtracted from the corresponding treatment 

wells. The absorbance signals were measured at 570 nm with additional reference wavelength 

at 630 nm using the Tecan Infinite M200 pro microplate reader. The difference between 

measurement and reference measurement of each well was calculated, the determined 

measurements of duplicated groups were then averaged, divided by that of the control and 

expressed as percentage cell viability relative to control. The results were presented in bar 

charts which were generated using GraphPad Prism 8. 

2.4.1. H2O2 cytotoxicity screenings on HT22 cells 

This screening was aimed to evaluate the cytotoxic effect of H2O2 and identifying its 

half-maximal inhibitory concentration (IC50) value on HT22 cells. A stock solution of 0.1M 

H2O2 was freshly prepared by diluting 30% (v/v) H2O2 using autoclaved deionised water for 

every experiment. During the 24 h cell treatment, a range of concentrations (50 – 1000 µM) 

were diluted from the stock and tested on HT22 cells. The testing concentrations were 

optimized after few rounds of screenings through applying higher range of concentrations 

and further reducing the concentrations until a dose-dependent cell viability reduction trend 

was observed. Non-linear regression model based on (log(inhibitor) vs. normalized response 

- variable slope) was plotted using GraphPad Prism 8 to estimate the IC50 value for the 

selection of a H2O2 optimal concentration, which was required for co-treatment group design. 

2.4.2. Water hyacinth extracts cytotoxicity screenings on HT22 cells 

This screening was performed to determine the cytotoxic thresholds of water hyacinth 

extracts. The initial stock concentrations of three extracts were 20 mg/ml and diluted into 

testing concentrations of (0.5 to 5.0 mg/ml) for 24 h cytotoxicity screenings on HT22 cells 

to determine the optimal concentrations of extracts that are not affecting HT22 viability. After 

statistical analyses, three optimal concentrations were applied based on the selected optimal 

concentration from each extract as co-treatment candidates in the subsequent neuroprotective 

assay. Glycerol-only vehicle control was not included in the experiment as glycerol was used 

as the extraction solvent and treated to cells at the diluted concentrations (< 1% in final 

volume of desired concentrations). 
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2.4.3. Co-treatment of water hyacinth extracts on H2O2-treated HT22 cells 

This assay was performed to determine the protective effect of water hyacinths 

extracts against H2O2-induced cell death in HT22 cells. During the treatment, the three 

replicates of each extract were co-treated with 700 µM H2O2 (selected concentration) for 24 

h. Additional experiment controls for this assay include the untreated control (control) as 

baseline cell condition, and H2O2 alone group (700 µM H2O2) as negative control to induce 

oxidative damage, Trolox (100 µM) as an antioxidant positive control, while the Trolox alone 

group was also included to show its baseline cytotoxicity effect under the experimental 

condition, and 0.1% (v/v) DMSO as solvent control (DMSO) because Trolox (100 µM) was 

prepared using pure DMSO to rule out the cytotoxic effect of DMSO. While co-treatment 

was adopted as initial screening to assess direct protection of E. crassipes extracts against 

oxidative injury, pre-treatment settings are set as the part of the future mechanistic 

investigations to assess the prophylactic effects of E. crassipes (see Discussion). 

2.5. Statistical Analysis 

All cytotoxicity screenings and neuroprotective assay were in performed three 

independent experiments with two technical duplicates each (n = 3 biological, 2 technical = 

6 data points per condition). Data were presented as the mean ± SEM. Potential outliers were 

determined and removed using the ROUT method with the coefficient Q set to 1%, while the 

normality test were performed using the Shapiro-Wilk tests. Statistical analyses were 

conducted using GraphPad Prism 8, using One-way ANOVA to assess the statistical 

differences between the means among treatment groups. Post-hoc Bonferroni’s multiple 

comparison test was applied to further compare the statistical differences between the means 

of each treatment group, with p < 0.05 considered as statistically significant. 

3. Results 

3.1. Cytotoxic effect of H2O2 on HT22 viability 

To identify the cytotoxic effects and its IC50 of H2O2 on HT22 cells, cell viability 

measurement was conducted. Figure 2A shows a dose-dependent cytotoxic effect of H2O2 on 

HT22 cells with a range of concentration of 50 to 1000 µM. HT22 cells treated with 50 µM 

H2O2 showed no toxic effects with cell viability measured at 102.2 ± 5.2%. However, HT22 

cells treated with 600 µM H2O2 exhibited significant cell viability reduction effect on HT22 

cell viability (p < 0.05), while the effects shown in the subsequent increasing concentrations 

(700–1000 µM) were also significant (p < 0.001). In the dose-dependent log curve (Figure 

2B), the R2 value for the non-linear regression curve was about 0.91, while the estimated IC50 

value of H2O2 at approximately 655.3 µM [95% CI: 613.7–697.0 µM]. Based on the actual 

experiment, 700 µM H2O2 elicited the closest effect to the IC50, reducing the percentage cell 

viability to 47.3 ± 11.9%. Therefore, 700 µM H2O2 was selected as the optimal concentration 

to induce oxidative cell death in HT22 for the subsequent assay. However, experimental 

variability across independent experiments was observed in the subsequent co-treatment 
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assays, 700 µM H2O2 alone group consistently displayed approximately 52–55% viability 

(Figure 3). 

 

Figure 2. Cytotoxicity screening of H2O2 on HT22 cells. (A) Percentage cell viability after 24 h treatments of 

H2O2 (50–1000 µM) and its (B) dose-dependent non-linear regression log curve. *p < 0.05 and ***p < 0.001 

vs. control. Results are the mean ± SEM of three independent experiments. 

3.2. Cytotoxic Effect of Water Hyacinth Extracts on HT22 Viability 

To evaluate the cytotoxic threshold and determine the non-toxic concentrations of 

water hyacinth extracts on HT22 cells, cytotoxic screenings of water hyacinth extracts were 

performed using a range of concentration from 0.5 to 5.0 mg/ml with an interval of 0.5 mg/ml 

for each treatment groups. In Figure 3A, GE demonstrated a significant reduction in cell 

viability in HT22 cells at concentration ranging from 1.5 mg/ml to 5.0 mg/ml as compared 

to control (p < 0.001). The percentage cell viability decreased from 85.1 ± 1.9 % at 1.5 mg/ml 

to 4.0 ± 1.1% at 5.0 mg/ml. Additionally, 1 mg/ml GE showed no toxic effects on HT22, 

with a recorded viability at 104.8 ± 2.9%, as measured by the MTT assay. This slight increase 

in viability, though not statistically significant compared to the control, may be attributable 

to minor seeding inconsistency, MTT interference by phytochemicals, or a mild proliferative 

response. These possibilities were investigated further as the primary objective at this stage 

was to identify a safe concentration range for subsequent co-treatment assays. Therefore, 

three narrow concentrations including 0.8 mg/ml, 0.9 mg/ml, and 1.0 mg/ml were chosen as 

the optimal safe concentrations for further testing of their protective effects against H2O2-

induced oxidative cell death.  

In Figure 3B, WE significantly decreased HT22 viability starting from 2.5 mg/ml to 

5 mg/ml as compared to control; the reduction in cell viability ranged from 81.9 ± 7.9% to 

7.8 ± 0.9% (p < 0.001). The HT22 cells viability was not affected by WE up to the 

concentration of 2 mg/ml, maintaining the cell viability at approximately 97.11 ± 3.0%. 

Hence, three concentrations with shorter ranges which were 1.8 mg/ml, 1.9 mg/ml, and 2.0 

mg/ml were selected for subsequent co-treatment group design. Cytotoxicity screening of 

WGE (Figure 3C showed significant reduction in cell viability starting at the concentration 

of 1 mg/ml to 5 mg/ml. The reduction in percentage cell viability ranged from 79.6 ± 8.4 % 

to 3.6 ± 0.7%. WGE at concentration of 0.5 mg/ml did not affect HT22 cell viability, while 
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the next tested concentration (1 mg/ml) displayed significant toxic effect on cell viability. 

Therefore, 50 mg/ml WGE was selected as the upper concentration limit for subsequent co-

treatment assay, alongside 0.3 mg/ml and 0.4 mg/ml.  

 

Figure 3. Cytotoxicity screening of water hyacinth extracts on HT22 cells. Percentage cell viability after 24 h 

treatments of (A) glycerol extract (GE), (B) water extract (WE), and (C) water-glycerol extract (WGE) with the 

testing concentration range of 0.01 mg/ml to 5.00 mg/ml. Estimated IC50 values based on non-linear regression 

model were 3.1 mg/ml (WE), 1.9 mg/ml (GE), and 1.5 mg/ml (WGE), respectively. **p < 0.01 and ***p < 

0.001 vs. control. Results are the mean ± SEM of three independent experiments. 

3.3. Protective Effect of Water Hyacinth Extracts Against H2O2-Induced Oxidative Cell 

Death in HT22 Cells 

To investigate whether different solvent type water hyacinth extracts confer 

neuroprotective effect against H2O2-induced oxidative cell death, the cell viability of HT22 

were assessed after 24 h of co-treatment of three selected concentrations of water hyacinths 

extracts with 700 µM H2O2. From the three independent co-treatment assays (Figure 4A–C), 

we demonstrated that Trolox alone and its solvent control (DMSO) groups did not 

significantly affect the HT22 cell viability as compared to the control, indicating that the 

concentrations of Trolox (100 µM) and its solvent used (0.1% DMSO (v/v)) are fairly safe 

and independent to HT22 viability. The 700 µM H2O2 alone group from each assay 

significantly decreased HT22 cell viability as compared to control (p < 0.001), keeping HT22 

cell viability (52.4 ± 1.4%, 55.1 ± 5.5%, and 52.7 ± 4.4%). Additionally, the positive control 

group (Trolox with 700 µM H2O2) consistently displayed significant effect in all three co-

treatment assays, by reducing the cell viability loss and keeping the percentage cell viability 

(78.7 ± 3.0%, 82.9 ± 2.8%, 84.0 ± 4.0%). 

In the co-treatment assay of GE (Figure 4A), the testing three concentrations 

displayed higher cell viability when co-treated 700 µM H2O2 than that of the 700 µM H2O2 

alone group, Specifically, GE at 0.8 mg/ml significantly attenuated H2O2-treated viability 

loss demonstrated the highest viability as compared to the 700 µM H2O2 alone group (67.4 ± 

4.4% vs. 52.4± 1.4%, p < 0.05), representing a 28.6% relative increase over H2O2 alone. On 

the other hand, WE co-treatment assay (Figure 4B) did not display significant protective 

effect against 700 µM H2O2-treated cells, as the 1.8 mg/ml and 1.9 mg/ml of WE co-treatment 

groups exhibited slightly lower cell viability as compared to the 700 µM H2O2 alone group. 

However, WE at 2.0 mg/ml exhibited a non-significant trend toward increased viability as 

compared to the 700 µM H2O2 alone group (65.9 ± 2.1% vs. 55.1 ± 5.5%, p = 0.87). Lastly, 

Figure 4C showed that WGE extracts reduced the cell viability loss when co-treated with 700 



PMMB 2026, 9, 1; a0000655 10 of 19 

 

µM H2O2 when compared to the H2O2 alone group. However, significant difference was not 

identified during the statistical analysis, and the effects become more minimal in dose-

dependent manner. WGE at 0.3 mg/ml displayed numerically higher in percentage of 

viability as compared H2O2 alone group (71.2 ± 4.9% vs 52.7 ± 4.4%, p = 0.12), which is 

statistically non-significant. Overall, the H2O2 alone group showed consistency toxicity 

across three independent co-treatments (52.4–55.1% viability), supporting the 

reproducibility of the oxidative stress model. Last but not least, Table 1 was provided to 

present an overview of the key experimental findings. 

 

Figure 4: Effects of water hyacinth extracts against H2O2-induced oxidative stress in HT22 cells. Percentage 

cell viability after 24 h co-treatments of H2O2 (700 µM) with (A) glycerol extract (GE) (0.80 – 1.00 mg/ml), 

(B) water extract (WE) (1.80 – 2.00 mg/ml), and (C) water-glycerol extract (WGE) (0.30 – 0.50 mg/ml), ***p 

< 0.001 vs. control. †p < 0.05, ‡p < 0.01 and ⹋p < 0.001 vs. 700 µM H2O2 alone group. Results are the mean 

± SEM of three independent experiments. 

 

Table 1. Summary of experimental results and statistical analysis of hydrogen peroxide and water hyacinth 

extract in HT22 cells. 

Assay Treatment IC50 (µM) Selected 

Concentration  

(µM / mg/ml) 

Selection rationale Key 

Outcome 

p-value 

Cytotoxicity Hydrogen 

peroxide (H2O2) 

655.3 µM 700 µM Actual experiment 

displayed closest to IC50. 

600 µM 

begins to 

reduce cell 

viability  

p < 0.05 vs. 

control. 

Cytotoxicity Water hyacinth 

glycerol extract 

(GE) 

- 0.8–1.0 mg/ml Safe dose (1.0 mg/ml) 1.5 mg/ml begins 

to reduce cell 

viability 

p < 0.001 

vs. control. 

Cytotoxicity Water hyacinth 

water extract 

(WE) 

- 1.8–2.0 mg/ml Safe dose (2.0 mg/ml) 2.5 mg/ml 

begins to 

reduce cell 

viability 

p < 0.001 

vs. control. 

Cytotoxicity Water hyacinth 

glycerol and water 

extract (WGE) 

 

- 0.3–0.5 mg/ml Safe dose (0.5 mg/ml) 1.0 mg/ml 

begins to 

reduce cell 

viability 

p < 0.01 vs. 

control. 
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Assay Treatment Selected Concentration 

(µM / mg/ml) 

Key Outcome p-value 

Co-treatment GE + H2O2 GE: 0.8–1.0 mg/ml + 

H2O2: 700 µM  

0.8 mg/ml GE + 700 µM H2O2 

significantly increased cell viability. 

 

(67.4 ± 4.4% vs. 52.4± 1.4%,) 

p < 0.05 vs. H2O2 

alone group. 

Co-treatment WE + H2O2 WE: 1.8–2.0 mg/ml + 

H2O2: 700 µM 

2.0 mg/ml WE + 700 µM H2O2 

displayed numerically higher in cell 

viability but not significant. 

 

(65.9 ± 2.1% vs. 55.1 ± 5.5%) 

 

p = 0.87 vs. H2O2 

alone group. 

Co-treatment WGE + H2O2 WGE: 0.3–0.5 mg/ml + 

H2O2: 700 µM 

0.3 mg/ml WE + 700 µM H2O2 

displayed numerically higher in cell 

viability but not significant. 

 

(71.2 ± 4.9% vs 52.7 ± 4.4%) 

p = 0.12 vs. H2O2 

alone group. 

4. Discussion 

To summarize the findings of the present study, we demonstrated that hydrogen 

peroxide (H2O2) significantly induced cell death in HT22 mouse hippocampal cells. The 

estimated IC50 values ranged from 500 µM to 750 µM, which also aligns with other findings 

using 6-well format and high seeding number (IC50: ~ 600 - 700 µM) [58, 59]. Trolox, a water-

soluble vitamin E analogue commonly used as a standard reference in oxidative stress 

models. In this study, Trolox was used at 100 µM which is slightly higher than the 50 µM in 

comparable studies [60, 61]. The use of 100 µM was nonetheless justified, as Trolox vehicle 

control showed no significant effect on cell viability, while it significantly attenuated H2O2-

induced cell viability loss across three independent co-treatments (78.7 ± 3.0%, 82.9 ± 2.8%, 

and 84.0 ± 4.0%, respectively). We also revealed neuroprotective potential of water hyacinth 

extract in H2O2-treated HT22 cells. Specifically, the water hyacinth glycerol extract (GE) 

displayed significant protection in reducing cell viability loss by oxidative damage at a 

concentration of 0.8 mg/ml. While further study is warranted, these results suggest that the 

GE possesses unique bioactive compounds which may confer antioxidant-mediated 

neuroprotection, supporting the therapeutic relevance of E. crassipes as an underexplored 

medicinal plant. 

Based on the co-treatment result, only GE at 0.8 mg/ml significantly alleviated cell 

viability of H2O2-treated HT22 cells (67.4 ± 4.4% vs. 52.4± 1.4%), while 0.9 mg/ml and 1.0 

mg/ml did not show significant protection. This pattern is consistent with hormesis, a 

biphasic dose-response phenomenon commonly reported in plant extract studies, where low 

concentrations elicit positive effects while higher concentrations may instead induce 

cytotoxicity, especially in cells already subjected to oxidative stress. In this context, 0.9 

mg/ml and 1.0 mg/ml may represent concentrations at which cytotoxic effects begin to offset 

the antioxidant benefit of GE. However, this interpretation requires confirmation through 

mechanism-based analyses. 
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The selective protective effect found in GE, but not in WE or WGE, is likely 

attributable to the uniqueness of their phytochemical compositions driven by different solvent 

polarity. Glycerol’s moderate polarity facilitates phytochemical extraction profile, covering 

lipophilic compounds that are not readily extractable using water alone [62]. Phytochemical 

characterization of these extracts is currently underway and will be reported in detail 

separately. However, existing studies have reported that E. crassipes contain diverse classes 

of phytochemicals originating from different plant parts and solvent extraction, however, 

glycerol extraction was rarely observed [33]. Despite that, phenolic acids, flavonoids and 

terpenoids in E. crassipes are well-known free radical scavengers that display protective 

effect in H2O2-induced oxidative damage across neuronal cell models. It is therefore plausible 

that GE uniquely contains one or more of these compounds’ classes, bolstering the observed 

protective effect.  

The diversity of bioactive compounds reported in E. crassipes suggested that its 

neuroprotective mechanisms against oxidative damage in cells likely relies on antioxidant-

mediated attenuation. Phenolic compounds and flavonoids are well known free radical 

scavengers which act as direct neutralizers of reactive oxygen species (ROS) and transition 

metal chelators [63]. On top of that, certain phenolic acids and flavonoids also exhibit indirect 

antioxidant effects via activation of the Nrf2/Keap1 signaling pathway, a central regulator of 

antioxidant defense [64]. Key enzymes such as heme oxygenase-1 (HO-1), superoxide 

dismutase (SOD), and glutathione peroxidase (GPx) are upregulated during the activation to 

enhance cellular oxidative stress metabolism [65]. This pathway has been widely studied as a 

key mechanism of neuroprotection in H2O2-treated HT22 cells in numerous plant extract 

studies [66–68]. Additionally, the lipophilic antioxidants reported in E. crassipes such as 

terpenoids which contribute mitochondrial membrane stabilization via inhibiting lipid 

peroxidation [69]. Beyond direct antioxidant activity, bioactive compounds such as phenolics 

and flavonoids have been shown to modulate autophagy-associated signaling pathways 

including AMPK, mTOR, and AKT signaling, which represent an alternative neuroprotective 

mechanism warranting investigation in context of GE [10, 70]. Hence, GE is likely to carry 

these proposed neuroprotective mechanisms above due to its capability in extracting broad 

range of antioxidants. The precise mechanistic contribution of each compound class within 

GE remains to be investigated.  

Similar neuroprotective effects have been reported in various findings from other 

plant extracts using the same in vitro oxidative model. For instance, the ethanolic extract of 

Chrysanthemum indicum has elicited significant alleviation in H2O2-induced cell death in 

HT22 cells (200 µg/mL exhibit ~ 90% viability and ~120% LDH leakage vs. 500 µM H2O2) 

and suppressed ROS production via activation of Akt/Nrf-2 signaling pathway [66]. 

Additionally, Euonymus alatus ethanol extract demonstrated similar neuroprotective 

activities through reducing H2O2-induced cell death (100 µg/mL exhibit ~ 95% viability and 

~ 2-fold apoptotic factors suppression) through activating the Nrf2/HO-1 pathway [59]. From 

the plant extracts mentioned, similar effects may be involved in GE via direct ROS 

scavenging and/or activation of endogenous antioxidant pathways such as Nrf2 in HT22 

cells, though this remains to be confirmed. Nevertheless, direct comparisons across findings 
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are limited due to culture settings differences (differences in culture conditions, seeding 

density and concentration of H2O2 used). Notably, the neuroprotective activities of glycerol-

based extracts remain underexplored in neuronal oxidative models compared to common 

hydrophilic solvent extracts. This study thereby represents one of the early investigations into 

the protective potential of glycerol-based plant extract in HT22 cells, highlighting glycerol 

as a promising green solvent for bioactive compound extraction with translational relevance 

in both nutraceutical and pharmaceutical applications.  

Several limitations of study should be acknowledged. First, the protective effects 

were solely evaluated in an in vitro cell-based model. Although HT22 cells are a well-

established model for studying oxidative stress-induced neuronal death, findings based on a 

single cell type may not fully recapitulate the in vivo neuronal environments. Second, the 

yield of GE and WGE could not be determined on a dry weight basis due to the high viscosity 

and hygroscopic nature of glycerol whereby conventional drying methods (rotary 

evaporation and freeze drying) are not feasible to achieve. Hence, this limits direct 

comparison of extraction efficiency between the three extracts. Third, the lack of glycerol 

itself as vehicle control may leave the residual vehicle effects (cytoprotective or cytotoxic 

contributions) uncharacterized. Fourth, while Trolox itself is a notable antioxidant and being 

employed as the positive control in this study, inclusion of reference neuroprotective 

antioxidant compounds such as curcumin and quercetin would further contextualize GE’s 

potency. Fifth, the use of 24-well plates rather than the conventional 96-well cell culture 

format was necessitated by practical considerations in our laboratory setup (higher seeding 

density for testing and labour-efficiency) without compromising data validity. Sixth, 

although MTT assay was commonly applied for cell viability measurement due to its 

convenient protocol, it is susceptible to interference from phenolic-rich or colored extracts 
[71]. Therefore, the absorbance readings may be artificially altered and potentially introduce 

false positive data. Seventh, the co-treatment setting employed in the present study allow the 

assessment on the extract’s capability to counteract acute oxidative damage in cells. Despite 

that, the design does not reflect the full spectrum of clinical relevance whereby pre-treatment 

would be a better model to study a neuropreventive context, mimicking antioxidant 

supplementation prior to neuronal injury occurs. Lastly, the absence of well-established 

neuroprotective reference compounds such as curcumin or quercetin as positive comparators 

in the co-treatment assay may hinder the contextualization of GE’s protective potency.  

Future studies should focus on mechanistic validations including lactate 

dehydrogenase (LDH) release to validate cell survivability, intracellular ROS measurement, 

cell apoptosis determination, and Nrf2 nuclear translocation and activation of its downstream 

antioxidant enzymes. Compounds isolation of GE through bioassay-guided fractionation 

alongside comparative neuroprotective studies involving established antioxidant compounds 

(curcumin and quercetin) or isolated compounds of GE using the same model are warranted 

to further contextualize protective potency of GE. Moreover, incorporation of in vivo 

oxidative stress animal model testing should be assessed to study the pharmacokinetics, 

bioavailability, and CNS penetration of the bioactive compounds of GE. The phytochemical 

characterization of GE using GC-MS which will be reported in the companion study, 
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provides the foundation for compound identification and isolation which allows the 

application of molecular docking and in silico pharmacokinetic studies. Overall, the findings 

of the present study provide preliminary evidence that E. crassipes glycerol extract (GE) 

possesses the neuroprotective potential against oxidative stress-induced neuronal death, 

positioning this invasive aquatic plant as a worthy candidate for further investigation in the 

context of antioxidant-based neuropharmacology. 

5. Conclusions 

In conclusion, this study has shown the E. crassipes glycerol extract (GE) 

significantly attenuated H2O2-induced cell viability loss in HT22 mouse hippocampal cells 

at a concentration of 0.8 mg/ml, supporting its neuroprotective potential against oxidative 

stress conditions. Water and water-glycerol mixed extracts exhibited protective trends that 

did not reach statistical significance, and thus their neuroprotective relevance remains to be 

established. This study highlights GE as a promising candidate for further investigation, 

including identification of phytochemical profile, exploration of underlying antioxidant 

mechanisms, and evaluation of pre- and post-treatment models to better contextualize its 

neuroprotective potency. Optimization of the glycerol based extraction to enhance the 

bioactive constituents is also warranted in future studies. Collectively, these findings 

underline E. crassipes as an underexplored medicinal plant with potential application in 

antioxidant-based neuropharmacology. Not to mention, E. crassipes remains its notorious 

status as an invasive, therefore, its valorization as a source of neuroprotective bioactive 

compounds could simultaneously support ecological management effort and contribute to the 

development of botanical-based therapeutics. 
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