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ABSTRACT

Background: Human Immunodeficiency Virus (HIV) affects 39.9
million people globally, with HIV-associated neurocognitive disorders
(HAND) affecting 50-60% of patients due to viral persistence in
central nervous system (CNS) reservoirs protected by the blood-brain
barrier (BBB). Statistical validation employed Cohen's d effect sizes,

https://doi.org/10.55041/ijcope.v2i5.339 95% confidence intervals, and power analysis. Hydrogen bonding with
catalytic residues (Asp110, Lys103 for RT; Asp25, Asp29 for PR). The

integration of rigorous statistical validation (effect sizes >1.8, power
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>(0.95) with computational pharmacology provides a reproducible
framework for bioprospecting traditional medicines.
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BACKGROUND

1.1 The Global HIV Burden and Neuro-HIV Challenge

1.1 HIV and the Central Nervous System

HIV remains a major public health challenge, with approximately 39.9 million people living with the virus
globally as of 2025. Despite antiretroviral therapy transforming HIV into a manageable condition, HIV-associated
neurocognitive disorders (HAND) affect 50-60% of patients due to viral reservoirs established in the brain.

1.2 The Blood-Brain Barrier Challenge

The blood-brain barrier (BBB) strictly regulates substance entry into the brain, protecting it from pathogens but
also limiting antiretroviral drug penetration. Over 70% of approved antiretrovirals exhibit poor BBB permeability,
failing to achieve therapeutic concentrations needed to suppress viral replication in the central nervous system.
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1.3 Limitations of Current Antiretroviral Therapy

Current ART faces critical limitations including emerging drug resistance (10-25% in some regions), significant
long-term toxicity affecting multiple organ systems, high costs limiting accessibility in resource-limited settings,
and inability to eliminate latent viral reservoirs requiring lifelong therapy.

1.4 Medicinal Plants in HIV Therapy

Plant-derived compounds have contributed approximately 40% of approved drugs and demonstrate diverse anti-
HIV mechanisms including enzyme inhibition, viral entry blockade, and immune modulation. Several candidates
like Calanolide A and Prostratin have advanced to clinical trials, though poor pharmacokinetics often limits
development.

1.5 Madhya Pradesh: The Herbal State

Madhya Pradesh harbors extraordinary biodiversity across 308,000 square kilometers, containing over 1,500
medicinal plant species within its biosphere reserves. The state's 21% tribal population, including Gond, Bhil, and
Baiga communities, possesses extensive ethnobotanical knowledge of plants used for HIV-related symptoms.

1.6 Selected Medicinal Plants

Six plants were selected based on traditional use and documented anti-HIV potential: Curcuma longa (turmeric)
showing integrase inhibition; Phyllanthus niruri with reverse transcriptase activity; Andrographis paniculata
targeting HIV protease; Ocimum sanctum containing ursolic acid; Withania somnifera with withaferin A targeting
viral Rev protein; and Tinospora cordifolia demonstrating immunomodulatory effects.

1.7 Research Gaps and Rationale

Previous studies lack systematic integration of Madhya Pradesh's ethnobotanical knowledge with computational
screening for neuro-HIV applications, neglect BBB permeability assessment, and often rely on single docking
runs without statistical validation or molecular dynamics simulation.

1.8 Study Objectives

This study aims to collect and authenticate six medicinal plants from Madhya Pradesh, perform comprehensive
phytochemical profiling, evaluate binding affinity against HIV targets using statistically-validated molecular
docking, validate through molecular dynamics simulations, predict ADMET and BBB permeability, and prioritize
lead compounds for experimental neuro-HIV studies.

METHODOLOGY

2.1 Plant Collection and Authentication

Six medicinal plants were collected from Pachmarhi Biosphere Reserve and Amarkantak region of Madhya
Pradesh in March 2025, authenticated by the Botanical Survey of India, and processed by shade-drying and
pulverization for extraction.

2.2 Extraction and Phytochemical Analysis

Sequential Soxhlet extraction using five solvents of increasing polarity was performed, followed by qualitative
phytochemical screening, GC-MS/MS profiling, HPLC-PDA quantification against reference standards, and
NMR spectroscopic confirmation of major compounds.
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2.3 In Silico Molecular Docking

HIV-1 reverse transcriptase, protease, and integrase crystal structures were prepared and fifty independent
docking runs per ligand were performed using AutoDock Vina, with statistical validation including effect sizes,
confidence intervals, and power analysis.

2.4 Molecular Dynamics Simulations

Top-scoring complexes underwent 100 ns triplicate molecular dynamics simulations in GROMACS with
CHARMM36 force field, followed by trajectory analysis and MM-PBSA binding free energy calculations with
bootstrap validation.

2.5 ADMET and BBB Permeability Prediction

Consensus ADMET profiling using SwissADME, pkCSM, and ProTox-II platforms predicted drug-likeness,
toxicity, and blood-brain barrier permeability parameters with statistical comparison to standard antiretrovirals.

2.6 Statistical Software and Reproducibility

All statistical analyses were performed using R 4.4.1 and GraphPad Prism 10.2, with effect sizes calculated,
power analysis conducted in G*Power, and reproducible protocols documented for each computational step.

RESULTS

3.1 Extraction Yields and Phytochemical Profiling

3.1.1 Extraction Yields

Sequential Soxhlet extraction of six medicinal plants yielded varying quantities of extracts depending on solvent
polarity and plant matrix. Methanolic extracts consistently showed the highest yields across all plants (range: 4.8-
8.2%), followed by aqueous extracts (3.5-6.4%). Curcuma longa rhizomes demonstrated the highest overall
extractability (total yield: 18.7%), consistent with its high starch and curcuminoid content.

Table 1: Extraction Yields (% w/w dry weight, mean = SD, n=3)

Plant n-Hexane | Chloroform | Ethyl acetate | Methanol | Aqueous | Total
C. longa 12402 |24+£03 3.1£04 82+0.6 |3.8+£04|18.7
P. niruri 08+0.1 |1.5+0.2 22+03 5605 (4204|143
A. paniculata | 0.6 £0.1 | 1.8+0.2 2.8+0.3 6.4+£05 [35+03|15.1
O. sanctum 09+0.1 |1.2+0.2 1.9+0.2 48+04 |51+0.5]13.9
W. somnifera | 1.1 £0.2 | 2.0+£0.2 25+03 52+£04 [4.6x£04|154
T. cordifolia | 0.7+£0.1 | 1.4+0.2 2.0+0.2 50+£04 [64+05|155

3.1.2 Qualitative Phytochemical Screening

Preliminary phytochemical screening revealed the presence of diverse secondary metabolites across all plants,
with significant variation in distribution patterns. Alkaloids were predominantly found in 7. cordifolia and P.
niruri, while flavonoids were abundant in O. sanctum and A. paniculata. Terpenoids were detected in all plants,
with highest concentrations in C. longa and W. somnifera.
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Supplementary Table S1: Qualitative Phytochemical Profile

Phytochemical | Test C. P. A. 0. w. T.
longa niruri paniculata sanctum somnifera cordifolia
Alkaloids Dragendorff | - ++ - - + +++
Mayer - + - - - ++
Flavonoids Shinoda + ++ ++ +++ + +
Alkaline + ++ ++ +++ + +
Tannins FeCls + ++ - ++ - +
Gelatin - + - + - -
Saponins Froth - + - + ++ +
Terpenoids Salkowski +H++ ++ +++ + +++ ++
Phenolics Folin ++ +++ ++ -+ ++ ++
Glycosides Keller- - + + + ++ +
Killiani
Steroids Liebermann + + - + ++ -
Key: - = absent; + = present;, ++ = moderately present; +++ = abundantly present

3.1.3 Quantitative Phytochemical Analysis by HPLC-PDA

HPLC-PDA quantification confirmed the presence of major bioactive compounds in all six plants. Curcuma
longa exhibited the highest curcumin content (124 + 5 mg/g), representing 12.4% of the methanolic
extract. Andrographis paniculata showed substantial andrographolide content (78 + 4 mg/g), while Tinospora
cordifolia contained significant berberine (52 + 3 mg/g).

Table 2: Quantification of Major Phytochemicals by HPLC-PDA (mg/g dry extract, mean + SD, n=3)

Plant Key Compound Retention Content % in| LOD LOQ
Time (min) | (mg/g) Extract | (ug/mL) | (ng/mL)
C. longa Curcumin 8.24+£0.05 | 124+£5 12.4 0.12 0.38
Demethoxycurcumin 7.18+0.04 | 42+3 4.2 0.15 0.45
Bisdemethoxycurcumin | 6.32+0.06 | 28 +2 2.8 0.18 0.52
P. niruri Phyllanthin 12.45 +45+£3 4.5 0.08 0.24
0.08
Hypophyllanthin 10.22 +32£2 3.2 0.10 0.30
0.07
A. paniculata Andrographolide 6.78+0.04 | 78+ 4 7.8 0.06 0.18
Neoandrographolide 8.92+£0.06 |24+2 2.4 0.09 0.27
O. sanctum Eugenol 534+0.03 | 62+2 6.2 0.04 0.12
Ursolic acid 14.56 +|28+£2 2.8 0.15 0.45
0.10
W. somnifera Withaferin A 9.87+0.07 |35+2 3.5 0.08 0.25
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Withanolide D 11.23 +|22+£2 2.2 0.11 0.33

0.08
T. cordifolia Berberine 7.56+0.05 |52+3 5.2 0.05 0.15
Palmatine 6.89+0.04 | 18+1 1.8 0.07 0.21

3.1.4 GC-MS/MS Analysis

GC-MS/MS analysis of methanolic extracts revealed 28 distinct phytochemicals across the six plants, with 8-12
compounds identified per plant. Major compound classes included terpenoids (curcuminoids, andrographolide,
withanolides), alkaloids (berberine, palmatine), and phenolics (eugenol, flavonoids). Representative
chromatograms are provided in Supplementary Figure S2.

Supplementary Table S2: GC-MS/MS Identified Compounds

Plant Compound RT Molecular Molecular Peak Match
(min) | Formula Weight Area Factor
(%)

C. longa Curcumin 28.42 | C21H200s 368.38 324 956
Demethoxycurcumin 26.18 | C20HisOs 338.35 14.2 942
ar-Turmerone 18.34 | CisH200 216.32 8.6 938

P. niruri Phyllanthin 24.56 | C24H340s 418.52 15.8 945
Niranthin 25.12 | C24H300 430.49 8.2 932
Quercetin 22.45 | CisHi00s 302.24 5.4 928

A. Andrographolide 26.78 | C20H300s 350.45 28.6 958

paniculata
14- 24.92 | Cz20H300s 334.45 9.4 944
Deoxyandrographolide

O. sanctum | Eugenol 12.34 | CioH1202 164.20 22.8 968
B-Caryophyllene 16.78 | CisHaa 204.35 10.2 956
Ursolic acid 32.45 | C30HazOs 456.70 7.6 935

w. Withaferin A 30.22 | C28H3:0s 470.60 12.4 948

somnifera
Withanolide D 29.56 | C22Hs3:0s 454.60 8.8 942

T. Berberine 23.45 | C20HisNO4* 336.36 14.6 952

cordifolia
Palmatine 22.18 | C21H22NO4* 352.40 7.2 938
Tinosporin 21.56 | C20H240s 360.40 5.8 926

3.2 Molecular Docking Results
3.2.1 Docking Validation

Redocking of co-crystallized ligands into their respective binding sites validated the docking protocol. RMSD
values between docked poses and crystal structures were: efavirenz in RT (1.24 A), saquinavir in PR (1.18 A),
and 5-CITEP in IN (1.32 A), all below the 2.0 A acceptance threshold, confirming that the docking parameters
could accurately reproduce experimental binding modes.
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3.2.2 Binding Affinity Analysis

Twenty-eight phytochemicals were docked against HIV-1 RT, PR, and IN with 50 independent runs per ligand-
target combination. Binding energies ranged from -4.2 to -9.8 kcal/mol, with significant variation across

compounds and targets.

3.2.3 Top Performing Compounds

Table 3: Consensus Docking Scores for Top 10 Phytochemicals (kcal/mol, mean + SD, n=50, 95% CI)

Rank | Compound Source RT Binding | PR Binding | IN Binding | Consensus
Score*
Curcumin C. longa 98 £04 (-|-82+03(-|-79+04(-|-8.63
1. 10.1, -9.5) 8.5,-7.9) 8.2,-7.6)
Andrographol | 4. paniculata | -7.5 £ 0.5 (- | -89 £ 03 (-|-8.1 £ 0.3 (- | -8.17
2. ide 7.8,-7.2) 9.2,-8.6) 8.4,-7.8)
Withaferin A | W. somnifera | -84 £ 0.4 (- |-7.8 £ 0.4 (- | -85+ 0.3 (-|-8.23
3. 8.7,-8.1) 8.1,-7.5) 8.8,-8.2)
Berberine T. cordifolia | -8.2 = 03 (-|-7.5 £ 0.3 (-|-83 0.3 (-|-8.00
4. 8.5,-7.9) 7.8,-7.2) 8.6, -8.0)
Phyllanthin P. niruri 718 £04 (-|-72+04 (-|-76£04(-|-7.53
S. 8.1,-7.5) 7.5,-6.9) 7.9,-7.3)
Eugenol O. sanctum 7203 (-1-79+03 (-]|-68+04(-|-730
6. 7.5,-6.9) 8.2,-7.6) 7.1,-6.5)
Demethoxycu | C. longa 86 £04 (-|-74+04 (-]-72+03(-|-7.73
7. rcumin 8.9, -8.3) 7.7,-7.1) 7.5, -6.9)
Ursolic acid O. sanctum 74 +03 (-|-76 £04 (-|-7.8+03 (-|-7.60
8. 7.7,-7.1) 7.9,-7.3) 8.1,-7.5)
Palmatine T. cordifolia | -7.6 £ 04 (-|-69 =+ 03 (-|-74+04 (-] -7.30
9. 7.9,-7.3) 7.2,-6.6) 7.7,-7.1)
Withanolide W. somnifera | -7.5 £ 03 (-|-7.0 £ 04 (- | -72 £ 03 (- | -7.23
10. D 7.8,-7.2) 7.3,-6.7) 7.5,-6.9)
Reference Standards
A Efavirenz Standard 82 £ 03 (-|-78+03(-|-75+04(-]-7.83
8.5,-7.9) 8.1,-7.5) 7.8,-7.2)
B Saquinavir Standard 76 £04 (-1-92+£03(|-7.8+0.3(-]|-8.20
7.9,-7.3) 9.5,-8.9) 8.1,-7.5)
C Raltegravir Standard 74 +£03 (-]|-72+03(-|-8.8+04 (-]-7.80
7.7,-7.1) 7.5,-6.9) 9.1,-8.5)
*Consensus Score = Average of RT, PR, and IN binding energies
3.2.4 Statistical Comparison with Standards
Table 4: Statistical Analysis of Top Compounds vs. Reference Standards
Comparison Tar | Mean t-value p-value | Cohen's | Effect | Power (1-
get | Difference (df=98) d Size B)
(kcal/mol)
Curcumin vs Efavirenz | RT | -1.6 5.82 <0.001 | 2.12 Large | 0.99
Curcumin vs | RT |-2.4 8.45 <0.001 | 2.86 Large | 1.00
Raltegravir
Andrographolide vs | PR |03 1.24 0.218 0.35 Small | 0.42
© 2026 The . Published by . Website: https://ijcope.org/ 6
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Saquinavir

Andrographolide vs | PR | -1.1 4.28 <0.001 | 1.58 Large | 0.98
Efavirenz

Withaferin A vs [IN |03 1.18 0.241 0.33 Small | 0.38
Raltegravir

Withaferin A vs | IN -1.0 3.96 <0.001 1.42 Large | 0.96
Efavirenz

3.2.5 Interaction Analysis
Curcumin-RT Interactions:

Curcumin bound deeply within the non-nucleoside inhibitor binding pocket (NNIBP) of RT, forming critical
interactions:

. Hydrogen bonds: Asp110 (2.8 A), Lys103 (2.9 A), Lys101 (3.1 A)
. Hydrophobic interactions: Tyr181, Tyrl88, Trp229, Leu234

. n-m stacking: Tyr181 (3.8 A), Tyr188 (4.1 A)

o Van der Waals contacts: Pro95, Leul00, Val106, Val179

Andrographolide-PR Interactions:
Andrographolide occupied the protease active site with:

. Hydrogen bonds: Asp25 (2.7 A, 3.0 A), Asp29 (2.9 A), Gly27 (3.2 A)
o Hydrophobic interactions: 1le50, Pro81, Val82, Ile84
. Hydrogen bond network: Stabilized the catalytic aspartates (Asp25, Asp25")

Withaferin A-IN Interactions:
Withaferin A bound to the integrase catalytic core domain:

. Hydrogen bonds: Asp64 (2.8 A), Asp116 (2.9 A), Glul52 (3.1 A)
. Metal coordination: Indirect interaction with Mg?" via water-mediated H-bonds
. Hydrophobic contacts: Lys156, Lys159, Tyr143

3.3 Molecular Dynamics Simulations
3.3.1 System Equilibration

All systems achieved equilibration within 1 ns, as evidenced by stabilization of temperature (310 + 2 K), pressure
(1.0 £ 0.1 bar), and density (1020 + 5 kg/m?). Potential energy remained stable throughout the equilibration phase.

3.3.2 RMSD Analysis
Table 5: RMSD Statistics from MD Simulations (100 ns x 3 replicates)
Complex Average SD | Maximum Convergence ANOVA | p- np?
RMSD (A) | RMSD (A) | Time (ns) F (df) value
A)
Curcumin-RT 1.24 0.12 | 1.58 18 18.4 <0.001 | 0.38
(2,297)
Efavirenz-RT 1.58 0.18 | 2.12 25 - - -
Andrographolide- | 1.32 0.14 | 1.72 15 12.8 <0.001 | 0.31
PR (2,297)
Saquinavir-PR 1.28 0.13 | 1.64 16 - - -
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3.3.3 RMSF Analysis

Residue flexibility analysis (RMSF) revealed that curcumin binding significantly reduced fluctuations in the RT
active site region (residues 100-110, 180-190) compared to the apo protein. Key catalytic residues (Aspl10,
Lys103) showed RMSF < 0.8 A, indicating stable binding.

Supplementary Figure S3: RMSF Plots

Region | Residues | Apo-RMSF (A) | Curcumin-RMSF (A) | Reduction (%)
NNIBP | 100-110 | 1.24 £0.15 0.72+0.10 42%

180-190 | 1.32+0.18 0.84+£0.12 36%

225-235 | 1.18£0.14 0.78 £0.11 34%

3.3.4 Radius of Gyration (Rg)
Protein compactness, measured by radius of gyration, remained stable throughout simulations:

. Curcumin-RT: Rg =22.4 + 0.3 A (stable, indicating maintained tertiary structure)
. Efavirenz-RT: Rg = 22.8 + 0.4 A (slight expansion)
. Andrographolide-PR: Rg = 18.2 + 0.2 A (highly compact)

3.3.5 Hydrogen Bond Analysis

Table 6: Hydrogen Bond Analysis from MD Trajectories

Complex Average H- | Maximum H- | Occupancy Key Residues (Occupancy %)
bonds bonds >50%

Curcumin-RT 3.8+£0.6 6 4 Aspl110 (92%), Lysl103 (88%),
Lys101 (76%), Tyr181 (54%)

Efavirenz-RT 22+04 4 2 Lys101 (82%), Lys103 (64%)

Andrographolide- | 4.2+ 0.5 7 5 Asp25  (94%, 88%), Asp29

PR (86%), Gly27 (72%), Asp30
(58%)

3.3.6 MM-PBSA Binding Free Energy

Table 7: MM-PBSA Binding Free Energy Components (kcal/mol, mean = SD, bootstrap 95% CI)

Complex AE vdW AE_Electrostatic AG Polar | AG Nonpolar | AG bind
Solvation | Solvation

Curcumin-RT -52.4+42 -18.6+3.2 32.8+3.8 | -82+1.2 -46.4 +£ 4.8 (-51.2,
-41.6)

Efavirenz-RT 442 +3.8 -124+£2.6 28.4+34 | -6.8+1.0 -35.0 £4.2 (-39.2,
-30.8)

Andrographolid | -48.6 + 4.0 224+34 35640 | -74%1.1 -42.8 £4.6 (-474,

e-PR -38.2)

Saquinavir-PR | -58.2+4.5 248 +3.6 382+42 | -88+1.3 -53.6 £5.2 (-58.8,
-48.4)

3.4 ADMET and BBB Permeability
3.4.1 Physicochemical Properties and Drug-Likeness

All 28 phytochemicals were evaluated for compliance with Lipinski's Rule of Five and Veber's rules:

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/ 8
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Table 8: Drug-Likeness Parameters for Top Compounds

Compound MW LogP | HBA | HBD | TPSA Rotatable Lipinski Veber
(g/mol) (A2 Bonds Violations Violations
Curcumin 368.38 329 |6 2 93.1 8 0 0
Andrographolide | 350.45 219 |5 3 86.3 4 0 0
Withaferin A 470.60 342 |6 2 96.4 2 0 0
Berberine 336.36 345 |4 0 40.8 2 0 0
Phyllanthin 418.52 428 |6 2 73.2 12 1 (LogP) 1 (RotB)
Eugenol 164.20 247 |2 1 29.5 4 0 0
Rule Threshold | <500 <5 <10 | <5 <140 <10 <1 <1

3.4.2 BBB Permeability Predictions

Table 9: BBB Permeability Parameters for Top Compounds

Compound LogBB LogPS CNS Score | P-gp Caco-2 BBB
(pkCSM) | (pkCSM) | (SwissADME) Substrate | Permeability Classification
(log Papp)

Curcumin 0.24 -1.42 4 No 1.28 BBB+
Andrographolide | -0.86 -1.98 3 No 0.96 BBB+
Withaferin A -1.24 -2.34 2 Yes 0.72 BBB-
Berberine 0.18 -1.28 5 Yes 1.42 BBB+
Eugenol 0.42 -0.96 6 No 1.56 BBB+
Phyllanthin -1.42 -2.56 1 Yes 0.48 BBB-
Efavirenz -0.12 -1.18 4 No 1.18 BBB+
Saquinavir -1.86 -2.84 1 Yes 0.32 BBB-
Raltegravir -1.24 -2.12 2 No 0.84 BBB-

3.4.3 Overall ADMET Profile

Table 10: Consensus ADMET Classification

Parameter Curcum | Andrographolide | Withaferin | Berberine | Eugenol | Phyllanthin
in A

GI Absorption High High High High High Moderate

BBB Permeant Yes Yes No Yes Yes No

CYP3A4 Yes No Yes Yes No Yes

Inhibitor

CYP2D6 No No No Yes No No

Inhibitor

Hepatotoxicity No No Yes Yes No No

AMES Toxicity | No No Yes Yes No No

hERG Inhibition | No No Moderate | No No Moderate

Skin No No No No Yes No

Sensitization

Oral 0.55 0.68 0.42 0.38 0.85 0.32

Bioavailability
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3.4.4 Statistical Analysis of BBB Permeability

Among the 28 phytochemicals evaluated, 12 compounds (43%) were predicted as BBB+ with LogBB greater than
-1, while 16 compounds (57%) were classified as BBB-. This proportion significantly exceeded that observed for
standard ART drugs, where only 3 out of 10 drugs (30%) including efavirenz, nevirapine, and zidovudine
demonstrated BBB+ potential. Chi-square analysis revealed a statistically significant association (y* = 9.24, df =
1, p = 0.002), with an odds ratio of 3.12 (95% CI: 1.48-6.58) indicating that phytochemicals are 3.1 times more
likely to penetrate the blood-brain barrier than conventional antiretroviral medications.

Figure 1: Phytonal Content in Six Medicinal Consemus Docking Heatmap of Phytohemicals
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Figure 1: Phytochemical Content in Six Medicinal Plants from Madhya Pradesh. Figure 2: Consensus
Docking Heatmap of Phytochemicals Against HIV-1 Targets. Figure 3: Backbone RMSD Trajectories of
Protein-Ligand Complexes Over 100 ns MD Simulations. (Figure 4: BBB Permeability Predictions for Top
Phytochemicals.

Based on comprehensive multi-parameter scoring integrating docking affinity, molecular dynamics stability, BBB
permeability, and drug-likeness, three compounds emerged as Priority 1 candidates warranting immediate
experimental validation: curcumin from C. longa demonstrating superior RT inhibition with stable MD
trajectories and excellent BBB+ profile; andrographolide from A. paniculata showing potent protease inhibition
comparable to saquinavir; and eugenol from O. sanctum exhibiting moderate multi-target activity with
exceptional BBB permeability and high oral bioavailability. Priority 2 candidates requiring further optimization
included berberine (good integrase inhibition with CYP/P-gp concerns), withaferin A (good multi-target activity
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but BBB- and toxicity issues), and ursolic acid (moderate activity with good safety profile). Priority 3 compounds
including demethoxycurcumin, palmatine, and phyllanthin demonstrated moderate activity but were limited by
lower abundance, toxicity concerns, or poor BBB permeability, suggesting derivatization may be required for
therapeutic development. This comprehensive phytochemical profiling of six medicinal plants from Madhya
Pradesh biodiversity hotspots revealed exceptionally high concentrations of bioactive compounds including
curcumin (124 mg/g) and andrographolide (78 mg/g) exceeding national averages, with curcumin demonstrating
significantly higher reverse transcriptase binding affinity (-9.8 kcal/mol) than efavirenz (-8.2 kcal/mol, d=2.1,
p<0.001) and multi-target inhibition across all three HIV enzymes, while twelve phytochemicals (43%) showed
superior blood-brain barrier permeability compared to only 30% of standard ART drugs (OR=3.12, p=0.002),
with curcumin, andrographolide, and eugenol emerging as priority neuro-HIV therapeutic leads that validate
traditional tribal uses and warrant immediate experimental validation through enzyme assays and in vivo studies,
though formulation challenges for curcumin require nanoparticle strategies for clinical translation toward CNS-
directed HIV therapy.
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