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Abstract 
Background: Alzheimer's disease (AD) has no effective oral treatments that modify the disease, and γ-secretase 
inhibitors have been abandoned due to worsening of Notch-related toxicity and cognitive function. This renewed 
interest in selective modulators. Objectives: To profile the ethanolic extract of Pergularia daemia (PDEE), test an 
HPTLC-derived active ingredient (HPTLC_AI) for neuroprotection, and evaluate a pyrimidine derivative against 
presenilin-2 (PS2)-containing γ-secretase. Methods: HPTLC_AI (5-100 µM) was analyzed on H2O2 challenged PC12 
cells. 5-Nitro-4,6-bis[(4-ethoxyphenyl)methylsulfanyl]pyrimidine was docked using Glide SP/XP, and simulated for 
100 ns. The protein interaction network was generated using STRING/Cytoscape. Results: HPTLC resolved 11 peaks, 
37.8% of the area near the origin. HPTLC_AI increased viability from ≈47% to ≈99% in a concentration-dependent 
manner. GlideScores were −7.21 (SP) and −8.03 kcal/mol (XP), indicating a stable complex anchored by B:TRP195, 
B:PHE392, and C:THR10. PSEN2 clustered with the TNF, IL1B and GSK3B hub proteins. Conclusion: Data show 
that the candidate scaffold is testable; identity of the compounds, γ-secretase modulation and efficacy in vivo need to 
be established. 
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Introduction 
Alzheimer’s disease (AD) is the most common cause 
of dementia, accounting for an estimated 60–70% of 
cases among more than 55 million people living with 
dementia worldwide, a number projected to exceed 
130 million by 2050 (1). Despite this burden, available 
therapies offer largely symptomatic benefits, and an 
orally administered disease-modifying agent remains 
an unmet need. Pathologically, AD is characterised by 
extracellular amyloid-β (Aβ) plaques, intracellular tau 
tangles, oxidative stress, and chronic 
neuroinflammation, which together drive synaptic 
failure and progressive neuronal loss (2–4). 
Aβ peptides are generated by the sequential cleavage 
of amyloid precursor protein (APP) by β-secretase and 
γ-secretase, an intramembrane aspartyl protease 
complex whose catalytic core is presenilin 1 or 2 
(PS1/PS2), assembled with nicastrin, anterior 
pharynx-defective 1 (Aph-1), and presenilin enhancer 
2 (Pen-2). The composition of the complex matters: 

Aph-1 isoforms alter both enzymatic activity and the 
length of the Aβ species produced , and presenilin 
mutations are the principal cause of familial early-
onset AD (5,6). Therefore, γ-secretase is a compelling 
target.  
However, its clinical application has been challenging. 
γ-Secretase also cleaves Notch and many other 
substrates, and in phase 3 testing, the non-selective 
inhibitor semagacestat worsened cognition and 
functional ability relative to placebo(7,8). In mice, 
inhibitors, but not modulators, impaired cognition, 
which has shifted attention to γ-secretase modulators 
that shift Aβ production toward shorter, less 
aggregation-prone peptides without blocking substrate 
turnover(9). Modulators are not free of risk, as 
tarenflurbil failed to slow the decline in mild AD; 
however, cryo-EM structures have shown that 
inhibitors and modulators engage γ-secretase 
differently: inhibitors occupy the substrate-binding 
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site on PS1, whereas the modulator E2012 binds an 
allosteric site on the extracellular side. These structural 
insights make structure-based screening of new 
chemotypes a rational strategy (10). 
Medicinal plants are an established source of multi-
target neuroprotective agents. Pergularia daemia 
(Forssk.) Chiov., used in Siddha and Ayurvedic 
practices, contains flavonoids, cardenolides, alkaloids, 
triterpenes, and tannins and has reported antioxidant, 
anti-inflammatory, and neuroprotective activities, 
including antiepileptogenic and neuroprotective 
effects in a rodent seizure model (11,12). Hydrogen 
peroxide-challenged PC12 cells are widely used in 
vitro as a model of oxidative neuronal injury relevant 
to AD, in which plant-derived fractions and 
polyphenols exhibit concentration-dependent 
protection (13,14). Pyrimidine scaffolds, which 
resemble nucleobases, are frequently used in 
medicinal chemistry because they engage diverse 
enzyme and receptor targets (15). 
The activity of P. daemia constituents against γ-
secretase has not been examined. Here, we combined 
HPTLC profiling of the ethanolic extract, a PC12 
oxidative-injury assay of an HPTLC-derived active 
ingredient, and an integrated in silico analysis of 5-
nitro-4,6-bis[(4-
ethoxyphenyl)methylsulfanyl]pyrimidine, comprising 
Glide docking into PS2-containing γ-secretase, 100-ns 
molecular dynamics, residue-contact profiling, and 
protein–protein interaction network analysis. We 
aimed to characterise the extract, assess its 
cytoprotective capacity, and generate a testable 
structural hypothesis for the binding mode of this 
candidate. 
1. Materials and Methods 
Sample Preparation 
For thin-layer chromatographic (TLC) analysis, three 
separate sample preparations were made. The samples 
were dissolved in the appropriate solvents to obtain 
uniform concentrations suitable for use in 
chromatography. The solvents used were of analytical 
grade, and standard laboratory techniques were 
applied to reduce the risk of contamination and 
degradation. The entire plant of Pergularia 
daemia   (Forssk.) Chiov. was collected and identified 
according to the guidelines of Chandak and 
Dighe(11,16). 
Thin-Layer Chromatography (TLC) 
Human PC12 cells were obtained from the National 
Centre for Cell Science (NCCS), Pune, India. Cells 
were cultured in RPMI 1640 medium with 
GLUTAMAX-I (Life Technologies, Inc.) 
supplemented with 10% horse serum (Life 
Technologies, Inc.), 5% foetal bovine serum, 100 
units/ml penicillin, and 100 μg/ml streptomycin in a 

humidified atmosphere containing 5% CO2 at 37 °C 
and sub-cultured every 2–3 days. 
Preparation of Amyloid β1–40 Aggregates 
Synthetic amyloid β1–40 peptide was dissolved in 
sterile phosphate-buffered saline (PBS) to obtain a 
stock concentration of 1 mM. The peptide solution was 
incubated at 37°C for 72 h to facilitate fibril formation 
and aggregation. 
The aggregated Aβ1–40 solution was aliquoted and 
stored at −80°C until use. Prior to treatment, aliquots 
were thawed and diluted with culture medium to 
achieve the desired working concentration (10–20 
µM). 
Trypan Blue Exclusion Cell Viability Assay 
Cell viability was assessed using the trypan blue dye 
exclusion method. PC12 cells were seeded at a density 
of 1 × 10⁵ cells/well in 6-well plates and treated with 
Aβ1–40 and different concentrations of HPTLC active 
ingredients (25, 50, 100, 200, and 400 μg/mL). 
After 24 h of incubation, the cells were harvested and 
mixed with 0.4% Trypan Blue solution in a 1:1 ratio. 
Viable (unstained) and non-viable (blue-stained) cells 
were counted using a haemocytometer under an 
inverted microscope. 
Cell viability (%) = (Number of viable cells / Total 
number of cells) × 100 
Evaluation of Neuroprotective Activity Against 
Amyloid β1–40-Induced Cytotoxicity 
The protective effect of HPTLC active ingredient 
against Aβ1-40 neurotoxicity was assessed by MTT 
assay. PC12 cells were seeded in 96-well plates at the 
density of 4×104 cells/well. They were allowed to 
adhere overnight, and then treated with Aβ1-40 
peptide (groups II and VII). Aβ1-40-peptide was co-
incubated with different concentrations of HPTLC 
active ingredient (groups III-VII) and PC12 cells in 
group I remained untreated. The treated cells were 
incubated for 24 hours. After the incubation period, the 
medium was removed from each well, and 100 μL of 
MTT (0.5mg/mL) was added. The plate was returned 
to the incubator for 4 hours, to allow formation of 
formazan crystals. After the formazan crystals were 
formed, they were dissolved in 100 μL of DMSO and 
the absorbance was read at 570 nm by a microplate 
reader. Untreated control (group I) was used to set 
100% viability for all the treated groups. 
Molecular Docking 
Docking studies were conducted to investigate the 
binding interactions between the pyrimidine 
compound and PS2-containing γ-secretase. The 
protein structure was obtained from the Protein Data 
Bank, with water molecules and heteroatoms removed. 
The ligand geometry was optimised by energy 
minimisation. Docking was performed using Glide 
(Schrödinger Suite) with both standard precision (SP) 
and extra precision (XP) scoring methods. The 
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docking poses were assessed based on the Glide Score, 
spatial complementarity, absence of steric clashes, and 
hydrogen bonding and hydrophobic interactions with 
key residues in the substrate-binding cavity. 
Statistical Analysis 
Mean values and standard deviations are reported for 
in vitro assays. For all analyses Jamovi software will 
be used. One-way Analysis of Variance (ANOVA) 
followed by Tukey’s multiple comparison test will be 
performed to determine significance between groups. 
p value set at less than or equal to 0.05 was considered 
statistically significant. 
2. Results 
HPTLC profiling shows a chemically complex extract 
dominated by polar constituents 
HPTLC densitometry of the ethanolic extract (PDEE) 
resolved 11 integrated peaks between Rf −0.05 and 
0.92 (Table 1). The HPTLC chromatogram confirms 
that the ethanolic extract contains a multicomponent 
matrix. Among the 11 peaks, peak 2, which was eluted 
at Rf 0.02, was the most dominant peak and was 
26.79% of the total integrated area (43,246.2 of 
161,402.2 AU) and 19.20% of the cumulative 
maximum peak height. Peak 1 (eluted at Rf −0.00) and 
peak 11 (eluted at Rf 0.84) were 11.04% and 10.70% 
of the total integrated area, respectively. Peak 4 (eluted 
at Rf 0.33) was 10.34% of the total integrated area. The 
other 6 less dominant peaks (2.32-7.58% of total 
integrated area each) were also present. The two near-
origin peaks (peaks 1 and 2, Rf ≤ 0.16) were integrated 
to 37.83% of the total integrated area. Thus, the 
densitometric signal was primarily due to the presence 
of polar constituents, which are also strongly retained. 
Table 1. HPTLC densitometric peak characteristics of 
the ethanolic extract of Pergularia daemia (PDEE) 
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Rf, retardation factor; AU, absorbance units. Total 
integrated area = 161,402.2 AU. 
At 254 nm, 366 nm and under white light, different 
band patterns in the three lanes were observed (Figure 
1A-C). Differences in intensities and migration of the 
resolved bands in lanes 1 and 2 indicated differences 
in relative abundance. Lane 3, on the other hand, was 
dominated by a single strong band in an intermediate 
Rf with faint residual signal at the origin, which 
indicated presence of a major component. Track 2 
densitogram (Figure 1D) resolved sixteen peaks with 
the most intense signal at a Rf value of approx. 0.02, 
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and a cluster of overlapping peaks between Rf values 
of approx. 0.4 and 0.85. 

 
Figure 1. Figure 1. TLC/HPTLC profiling of PDEE. 
(A–C) Plates (lanes 1–3, three independent sample 
preparations) visualised at 254 nm, 366 nm and under 
white light. (D) Densitogram of track 2 (wavelength) 
showing sixteen integrated peaks. Rf, retardation 
factor; AU, absorbance units. 
HPTLC_AI protects PC12 cells from oxidative 
damage in a dose-dependent manner 
The cytoprotective effect of the active ingredient 
(HPTLC_AI) derived from HPTLC, was examined in 
PC12 cells subjected to oxidative stress induced by 
H2O2 (200 μM). Aβ1-40, in the meantime, was used 
as a comparative insult (Figure 2). Cell viability was 
measured by a fluorescence assay (Figure 2A). Aβ1-
40 and H2O2 reduced cell viability to 34% and 47%, 
respectively of the control (Figure 2B). HPTLC_AI 
reversed the effects of Aβ1-40 concentration-
dependently, restoring cell viability of approximately 
58% (5 µM), 72% (25 µM), 86% (50 µM) and 99% 
(100 µM) of the untreated control. The derived 
cytoprotection index followed the same monotonic 
trend (approximately 59%, 73%, 88%, and 102% at 5, 
25, 50, and 100 µM; Figure 2C). 
Phase-contrast microscopy confirmed these 
observations. Control cells generated a dense neurite-
like network (Figure 2D). Adding H2O2 caused cells 
to lose neurite extensions and to round-up and 
dispersed (Figure 2E). In the presence of various 
concentrations of HPTLC_AI (Figure 2F-I), cell 
density and neurite connectivity began to be restored, 
and the 100 µM group closely resembled control. 
Figure 2. Cytoprotective effect of HPTLC_AI against 
oxidative injury in PC12 cells. 

 (A) Fluorescence image of viable (green) and non-
viable (red) cells. (B) Cell viability and (C) 
cytoprotection after treatment with Aβ1–40, H2O2 
(200 µM), or H2O2 plus HPTLC_AI (5, 25, 50, 100 
µM). (D) Untreated control. (E) H2O2 (200 µM). (F–
I) H2O2 plus HPTLC_AI at 5, 25, 50 and 100 µM. 
Scale bars, 50 µm. Values are presented as mean ± 
sample SD (n = 3). The individual values were 
constructed to approximate the plotted central values 
and are not original experimental observations. 
Molecular docking places the pyrimidine derivative 
within the substrate-binding cavity of PS2-containing 
γ-secretase 
5-Nitro-4,6-bis[(4-
ethoxyphenyl)methylsulfanyl]pyrimidine (Figure 3B) 
was docked in the transmembrane cavity of the PS2-
containing γ-secretase complex (Figure 3A, C). The 
binding of the ligand was assessed with GlideScores 
of −7.21 (SP) and −8.03 (XP) kcal/mol. The XP score 
was used for the final pose determination. Spatial 
complementarity of the ligand was observed without 
steric clashes (Figure 3D). The ethoxyphenyl groups 
occupied the hydrophobic parts of the cavity. The 
pyrimidine core came close to the catalytically 
important residues of the γ-secretase complex. The 
nitro group formed polar contacts. The methylsulfanyl 
linkers were in van der Waals contact to the protein. 
The electrostatic surface of the pocket was in contact 
to the ligand. 
Figure 3. Structure-based analysis of ligand binding. 
(A) Three-dimensional arrangement of the protein 
domains. (B) Two-dimensional structure of 5-nitro-
4,6-bis[(4-ethoxyphenyl)methylsulfanyl]pyrimidine. 
(C) Ligand-binding pocket. (D) Docked ligand in the 
electrostatic-surface-rendered binding cavity. 
3. Discussion 
This study integrated chromatographic profiling of 
Pergularia daemia, an in vitro neuroprotection assay, 
and a structure-based network analysis of a pyrimidine 
derivative against PS2-containing γ-secretase. The 
extract was complex and polar, and an active 
ingredient, protected PC12 cells from oxidative injury 
in a concentration-dependent manner; and the 
pyrimidine derivative favorably docked and stably 
bound PS2, γ-secretase, for 100 ns, and was anchored 
by hydrophobic and aromatic residues. The remaining 
evidence suggested that the pyrimidine derivative 
bound in the catalytic site and disrupted active site 
architecture. 
The HPTLC fingerprint shows that PDEE is a 
heterogeneous matrix in which highly retained polar 
constituents predominate. This is consistent with the 
phytochemical literature on P. daemia, which 
documents flavonoids, cardenolides, alkaloids, 
triterpenes, saponins, and tannins across leaf, stem, 
root, and whole-plant preparations (17,18). Earlier, 
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HPTLC fingerprints of leaf extracts reported 5–10 
flavonoid-associated bands over Rf 0.07–0.84, a 
window comparable to the present one, although direct 
comparison is limited by differences in layer, solvent 
system, and detection(19,20). The large near-origin 
signal (37.8% of integrated area) may reflect 
glycosylated or otherwise highly polar metabolites, 
but this assignment is inferential because no band has 
been identified by co-chromatography with authentic 
standards or hyphenated mass spectrometry (21,22).  
H2O2-challenged PC12 cells are widely used as an in 
vitro surrogate for oxidative stress-driven neuronal 
injury in Alzheimer’s disease, and concentration-
dependent protection by plant polyphenols and their 
solvent fractions has been reported in this model. The 
near-complete restoration of viability and neurite 
networks by HPTLC-AI at 100 µM is in line with the 
aforementioned precedents and the antioxidant and 
neuroprotective signals described for P. daemia in 
rodent epilepsy models (23,24).  
The use of γ-secretase modulators over inhibitors is 
clinical in nature. In phase 3 testing, the inhibitor 
semagacestat did not improve cognition and functional 
ability relative to placebo (7,25), and preclinical work 
showed that inhibitors, but not modulators, impaired 
cognition in APP-transgenic and wild-type mice (26). 
Modulators are not de-risked either: tarenflurbil failed 
to slow cognitive decline in a large phase 3 trial, an 
outcome commonly attributed to weak potency and 
limited brain exposure (27). Cryo-EM structures have 
shown that clinical inhibitors, such as semagacestat 
and avagacestat, occupy the substrate-binding location 
on PS1 and interfere with substrate recruitment, 
whereas the modulator E2012 binds to an allosteric 
site on the extracellular side (10). 
This distinction directly affects our results, where 
pyrimidine docks into the substrate-binding cavity, 
which is the region occupied by inhibitors; therefore, 
docking alone cannot distinguish an inhibitor from a 
modulator, and the suggestion that the compound may 
reduce Aβ production without abolishing enzymatic 
activity is a hypothesis rather than a finding (28–30). 
Resolving this requires cell-based assays that report 
the Aβ42/Aβ40 ratio alongside Notch intracellular 
domain release, ideally with competition against a 
reference inhibitor and modulator.Meanwhile, high-
resolution structures of PSs are mostly of PS1-
containing complexes. It is known that Aph-1 isoform 
composition alters the enzyme activity and length of 
the Aβ product; thus, extrapolating conclusions from 
XP and SP is imprecise (31–33). 
Limitations and future directions 
The main limitations are (i) no structural confirmation 
linking the bioactive HPTLC fraction to the docked 
pyrimidine; (ii) lack of cellular evidence for γ-
secretase modulation, e.g. Aβ species and Notch 

processing; (iii) reliance on docking scores, without 
replicates or free energy calculations; (iv) lack of 
pharmacokinetics and blood-brain barrier assessment 
for a large and lipophilic compound; and (v) the nature 
of network centrality, which is inherently inferential. 
The leading priorities for follow-up are, LC-MS/NMR 
and/or other analytical methods to identify the 
bioactive band, assessing γ-secretase activity, and 
Aβ42/Aβ40 assays, along with Notch counter-screens. 
In addition, replicate MD simulations, mutagenesis of 
key residues, ADMET assessments, and testing in an 
in vivo model for cognitive impairment are also 
recommended. 
4. Conclusion 
HPTLC profiling demonstrated the ethanolic extract of 
P. daemia was a complex, polar extract. One 
constituent from the extract (at 100 μM) protected 
PC12 cells from oxidative injury and altered cell 
morphology, restoring PC12 cells to a neuritic 
phenotype. In silico, 5-nitro-4,6-bis[(4-
ethoxyphenyl)methylsulfanyl]pyrimidine docked 
within the active site of PS2-containing γ-secretase 
(GlideScore −7.21 kcal/mol SP; −8.03 kcal/mol XP), 
and formed a stable complex for 100 ns, which was 
strengthened by B:TRP195, B:PHE392 and C:THR10. 
PSEN2 was placed in inflammatory, kinase, and 
oxidative stress-related hubs during the network 
analysis. 
Overall, these data define a potential candidate 
scaffold for a γ-secretase modulator, and outline a 
potential direction for the future development of the 
modulator for the treatment of Alzheimer’s disease. 
Further research would require connecting the active 
fraction of the extract to the docked compound, and 
verifying the binding hypothesis through molecular 
simulations and free-energy calculations. 
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