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   ABSTRACT:  

High-throughput Screening (HTS) has emerged as a key approach in accelerating the discovery of 

neuropharmacological agents derived from semi-synthetic sources. The combination of natural product 

chemistry with modern computational and automation-based tools enables the rapid identification of bioactive 
molecules with therapeutic relevance in neurological disorders. Through the integration of computer-aided drug 

design (CADD) and automated assay systems, HTS allows the efficient evaluation of large compound libraries, 

facilitating early identification of promising leads and optimisation through structure–activity relationship 

(SAR) analysis. 
Semi-synthetic molecules, modified from natural scaffolds, exhibit improved pharmacokinetic properties, 

enhanced brain permeability, and reduced systemic toxicity, offering significant advantages in the management 

of complex neurodegenerative and neuropsychiatric conditions such as Alzheimer's and Parkinson's diseases. 

Despite challenges related to assay complexity and data interpretation, recent advances in analytics and system 
biology are refining the predictive accuracy and throughput efficiency of HTS platforms. 

Overall, the integration of HTS with semi-synthetic drug design provides a robust and sustainable framework 

for modern neuropharmacological research. This synergistic approach enhances the precision and speed of 

discovery, paving the way for the rational development of next-generation neurotherapeutics with improved 
clinical efficacy and safety. 

 

 

Introduction: 

The term "neuropharmacology" is formed by combining 

"neuro", which relates to the brain's neurons, and 

"pharmacology", the study of drugs. Put simply, 

neuropharmacology examines how neurotransmitters 

and neuromodulators influence the brain, particularly the 

central nervous system. The field has come a long way 

since its early days, when only four drugs were available; 

nowadays, neurologists have access to a wide range of 

approved medicines for use in various clinical situations. 

Neuropharmacological drugs can be categorised into 

distinct groups. The first includes sedatives, analgesics, 

and other agents that act on the body's 

pharmacodynamics. The second consists of drugs that 

impact the central nervous system itself, such as 

hypnotics and antidepressants. The third category covers 

drugs with chemotherapeutic effects. The way these 

medicines influence the brain can differ significantly. 

Neurons communicate through synapses—tiny junctions 

where pre- and post-synaptic neurons meet and exchange 

chemical messages. The presynaptic neuron releases 

neurotransmitters, which are then taken up by the post-

synaptic neuron. The brain contains hundreds of 

neurotransmitters, and medications may work by 

modifying their activity [1]. Neuroscience, sometimes 

referred to as neurobiology, is the broad scientific study 

of the nervous system, with a particular focus on the 

brain and its functions. Some of the primary topics 

discussed in neuroscience include neuropsychiatric 

disorders, the interconnections between different brain 

regions, and the regulation of emotions [1]. The most 

common ageing-associated neurodegenerative disorders 

of the central nervous system (CNS) are Alzheimer's 

http://www.jchr.org/


 
 

 

175 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 174-187 | ISSN:2251-6727 

disease (AD), Parkinson's disease (PD), and related 

dementias. These disorders affect over 17 million people 

worldwide [2] and 21 million people worldwide [3]. The 

global trend of population ageing is expected to double 

the number of people with AD, PD, and related 

dementias during the next 20 years. [4]. Over the past 

few decades, there has been a lot of study and attention 

on these neuropsychiatric illnesses since they place a 

significant financial burden on society [1]. In the past, 

neuroscientists and clinical pharmacologists have 

collaborated to create human models to assess the 

potential of specific medications or drug receptors 

(biological targets) as therapeutic therapy—Trist and 

associates (2014). Over 300 million people worldwide 

suffer from major depressive disorder (MDD), which can 

affect people of all racial and socioeconomic 

backgrounds [5]; [6]. 

Novel drugs targeted at severe disorders of the central 

nervous system (CNS) have a comparatively high failure 

rate when compared to most other areas of therapeutic 

research. The several pharmaceutical companies that 

have halted or significantly reduced their CNS programs 

serve as evidence of this. [7]; [8]. This is particularly true 

for "disease-modifying drugs," which are 

pharmaceuticals designed to alter the course of a disease 

or condition. When it comes to neurodegenerative 

diseases (NDDs), it is particularly severe. The promising 

drugs are often palliative treatments that have little 

influence on the symptoms of the disease and no effect 

on how the illness progresses. It can be challenging to 

find safe and effective drugs to treat various ailments. 

Finding and developing a viable treatment requires a 

deep comprehension of the underlying causes of illness 

and a seamless transition from candidate identification to 

clinical trial design. The pharmaceutical industry is one 

of the few sectors where most initiatives end in complete 

failure, even after substantial time and financial 

expenditure, despite being heavily regulated (for all the 

right reasons). Although the aircraft industry and other 

economic sectors are subject to comparable restrictions, 

the outcome of such an evaluation is rarely a completely 

unusable aircraft or the permanent denial of a marketing 

license for a new aircraft. We possess sufficient 

knowledge of the physics of flight to ensure that planes 

can fly, and an iterative process involving regulators 

ensures safe flight operations. This is not a given in the 

search and development of new drugs. There is never a 

guarantee that a treatment will be approved for 

commercialisation, and it is also assumed that 

pharmaceutical agents cannot cure any disease. 

Natural substances and structural analogues have 

historically made substantial contributions to 

pharmacotherapy, especially for infectious diseases [9]. 

Several other naturally occurring bioactive compounds 

have shown promise as "leads" or model molecules for 

drug synthesis or semi-synthesis, in addition to the 

physiologically active bioactive molecules derived from 

plants that have been found to have direct therapeutic use 

as drug substances [10] 

Recent scientific and technological developments have 

also helped to overcome these issues and open up new 

options, as seen by the complexity of bioassays 

employed in medicinal plant drug research [11]. A 

renewed interest in natural chemicals as potential 

therapeutic leads, particularly for combating antibiotic 

resistance, has emerged from these developments, which 

also provide "mode of action" data at the molecular level 

in a timely and accurate manner [10]. [12]. 

To discover new chemical components in medicinal 

plants, scientists with backgrounds in ethnobotany, 

pharmacognosy, pharmaceutics, medicinal chemistry, 

taxonomy, organic chemistry, molecular biology, 

biochemistry, microbiology, pharmacology, and plant 

ecology can now collaborate [13]. [14]. Extraction, 

species collection, chemical separation, structural 

identification, and bioassays are the five steps of 

traditional plant natural product separation chemistry 

methods. [15]. To discover new chemical components in 

medicinal plants, scientists with backgrounds in 

ethnobotany, pharmacognosy, pharmaceutics, medicinal 

chemistry, taxonomy, organic chemistry, molecular 

biology, biochemistry, microbiology, pharmacology, and 

plant ecology can now collaborate [13]. [14]. The five 

steps of conventional plant natural product separation 

chemistry procedures include extraction, species 

collection, chemical separation, structural identification, 

and bioassays. 

1. The primary goal of developing semi-synthetic 

derivatives for neurological diseases is to produce 

targeted, safe, and effective treatment medications. 

These substances are intended to solve some of the main 

drawbacks of conventional synthetic medications and 

natural goods, including: 
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2. Improving the biological activity and selectivity 

for particular targets of neurological disorders. 

3. Enhancing pharmacokinetic characteristics, 

such as blood-brain barrier (BBB) penetration, 

distribution, metabolism, and absorption. 

4. Less toxicity and adverse effects than 

traditional medications or parent natural chemicals. 

5. By permitting chemical modification and 

optimisation of readily accessible natural scaffolds, 

issues related to a limited natural supply can be 

addressed. 

6. Making it possible to build multi-target drugs 

for multifactorial neurodegenerative disorders, such as 

ALS, Parkinson's, and Alzheimer's, in which a single 

molecule can act on several pathways at once.[16] 

Scope of Semi-synthetic Derivatives in the Treatment 

of Neurological Disorders 

The following are some examples of semi-synthetic 

compounds used in neurodegenerative disorders: 

Drug Development and Discovery: In contemporary 

neuropharmacology, semi-synthetic derivatives are a key 

area of interest. They help fill the pipeline of possible 

new medications for conditions like multiple sclerosis, 

stroke, Parkinson's, Alzheimer's, and Huntington's.[17] 

Multi-target Therapy: To address the intricate 

pathophysiology of neurodegenerative diseases, these 

derivatives can be designed to interact with multiple 

neuroprotective and neuromodulatory targets 

(cholinesterase, NMDA receptors, oxidative stress 

pathways, and anti-inflammatory sites) within a single 

molecule.[18] 

Improving Efficacy of Existing Drugs: Known 

medications can be chemically modified to improve their 

brain delivery, neuroprotective potential, or 

neuroinflammation-reducing qualities (e.g., edaravone 

and its analogues for ALS and stroke; coumarin, 

triterpenoids, or flavonoid derivatives).[19] 

Addressing Drug-Resistance and Side Effects: Semi-

synthetic derivatives can decrease tolerance 

development, reduce off-target interactions, and 

attenuate adverse effects observed with completely 

synthetic or pure natural medicines by improving 

molecular structure[20] 

Sustainable Drug Production: Semi-synthesis enables 

the optimisation of structures and the utilisation of 

renewable natural resources, thereby making drug 

production more scalable and sustainable. 

Combinatorial chemistry and hybrid molecules: this 

method broadens the chemical variety and produces 

novel compounds with therapeutic potential, especially 

for modifying multiple neurotransmitter systems or 

disease pathways.[21] 

Instances of Current Developments 

Analogues and Edaravone: New analogues exhibit 

improved BBB penetration and are utilised for ALS and 

stroke recovery. 

Triterpenoid and flavonoid derivatives, such as 

asiaticoside, which is being developed to treat 

Parkinson's and Alzheimer's disease, have been shown to 

exhibit better neuroprotective and cognitive effects, 

while also reducing oxidative stress and 

neuroinflammation. Singh, K., and others, 2024 

Other heterocyclic compounds include coumarin, 

with a focus on several processes, such as antioxidant 

activity, neuroprotection, and aggregation inhibition. 

By enabling customised, robust, and multi-target 

therapies that leverage both the structural diversity of 

nature and the precision of chemical synthesis, semi-

synthetic derivatives play a crucial role in bridging the 

gap between natural pharmacology and contemporary 

medicinal chemistry, thereby significantly expanding 

treatment options for complex neurological disorders. 

Principles of High Throughput Screening: 

A standard virtual screening methodology will fully 

predict the performance of ligands in a virtual chemical 

library. However, these libraries have gotten so big in the 

last ten years that it is impossible to overlook the 

computing cost of Screening. ZINC, a well-known 

library of commercially accessible compounds for virtual 

Screening, for instance, expanded from 700k to 120 

million structures between 2005 and 2015 and currently 

contains about 1 billion molecules.5,6 The enormous 

size of ZINC is not unique; there are other listed virtual 

libraries with well over a billion substances.[22], [23] 

The concept of accessible molecules is inherent in non-

enumerated libraries, which can include a substantially 
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greater number of potential compounds—between 1010 

and 1020. (Li and others, 2020b) Even though there is 

disagreement over whether "bigger is better" when it 

comes to virtual Screening,12 these sizable virtual 

libraries are currently being used for Screening in 

Overview of HTS methodology and technological 

advances 

Compounds from various chemical libraries undergo 

high-throughput Screening against a legitimate target for 

a disease once it has been identified. The time and 

expense involved in a drug development process can be 

significantly decreased if the number of compounds 

employed for Screening is limited to a few hundred. 

Many phases in drug development initiatives can be 

made less time-consuming and more cost-effective by 

utilising computational methodologies. For instance, the 

experimental high-throughput Screening of a chemical 

library comprising 400,000 compounds for protein 

tyrosine phosphatase-1B yielded an IC50 value of less 

than 100 micro-M, indicating a 0.021% success rate in 

identifying ligands that may inhibit the enzyme. 

However, starting from a chemical library of 235,000 

compounds, the success rate increased to 34.8% when a 

computational technique was employed in the initial 

screening step. Modern chemical spaces, which can 

contain billions of molecules, are too big for 

experimental high-throughput Screening. Computational 

methods on HPC systems are frequently used to address 

this issue. In this evaluation, we highlight some virtual 

screening software implementations currently available 

on the market that are suitable for high-end computers. 

In the sections that follow, we provide a broad overview 

of virtual screening (VS) issues and discuss the potential 

for parallelisation to enable the efficient use of the 

computing power provided by HPCs—the initial phase 

of medication creation [24]. In drug research and 

development, virtual screening techniques such as 

molecular docking, pharmacophore models, and 

similarity searching are frequently employed. Molecular 

docking-based virtual Screening (DBVS) has become 

one of the most popular virtual screening techniques due 

to its outstanding performance in resolving an increasing 

number of target protein structures. However, DBVS is 

frequently criticised for its poor accuracy. Positioning 

ligands into a protein active site and scoring and rating 

docked ligands are the two fundamental steps in this 

technique. Each step is not flawless. The majority of 

docking and scoring activities are receptor-specific, and 

findings on various receptors may contradict one 

another, as indicated by several studies conducted over 

the past decade. The same target protein may act 

differently when docked by different programs. 

Experimental binding affinities and the scores provided 

by scoring functions frequently have a weak association. 

To find the optimal parameters for specific protein 

targets, new types of analysis are required to increase the 

success rate of docking and scoring techniques. [24] 

Table Docking and Scoring 

SNO Docking Software License Type Interface Key Features 
Force Field(s) for Ligand 

Preparation 

Typical 

Workflow 

Steps 

1 
AutoDock / AutoDock 

Vina 
Free (Open-source) 

Command 

line & GUI 

Flexible ligand 

handling, 

suitable for 

medium to large 

virtual 

screening sets, 

quick 

execution, 

broad use in 

research 

MMFF94 for 

minimization, Gasteiger 

charges for partial charge 

assignment 

1. Clean and 

prepare protein 

and ligand 

structures. 

2. Define 

docking grid 

around the 

binding site. 

3. Run docking 

for the 

compound set. 

4. Rank results 

by predicted 
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binding 

affinity. 

5. Export top 

candidates.[25] 

2. DOCK Free (Academic) 
Command 

line 

Supports large 

molecule 

libraries, early 

and mature 

docking suite, 

uses binding 

sphere mapping 

for site 

definition 

GAFF (General AMBER 

Force Field) for ligands 

1. Prepare 

target and 

ligand 

coordinate 

files. 

2. Generate 

spheres to 

represent 

binding 

pockets. 

3. Perform 

docking. 

4. Evaluate 

score and 

binding 

mode.[26] 

3. GOLD Commercial 

GUI & 

Command 

line 

Uses genetic 

algorithms, 

strong ability to 

explore ligand 

flexibility, 

multiple scoring 

functions 

CHARMM or AMBER 

1. Prepare 

molecules and 

define target 

site. 

2. Run flexible 

docking. 

3. Rank 

ligands and 

check 

poses.[27] 

4 Glide 
Commercial 

(Schrödinger) 

GUI & 

Command 

line 

Highly accurate 

docking with 

different modes 

(HTVS, SP, 

XP), efficient 

for large 

database 

screening 

OPLS_2005 or OPLS3 

1. Prepare 

ligand and 

protein sets. 

2. Generate 

docking grids. 

3. Perform 

screening. 

4. Analyse and 

pick potential 

hits[28]. 

5 FlexX Commercial 

GUI & 

Command 

line 

Fragment-based 

docking ideal 

for initial lead 

finding 

Internal scoring parameters 

based on MMFF 

1. Break 

ligands into 

fragments. 

2. Fit 

fragments into 
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the pocket. 

3. Score and 

rebuild. 

4. Select top-

scoring 

ligands.[28] 

6 ICM Commercial 

GUI & 

Command 

line 

Handles 

receptor 

flexibility, 

integrates SAR 

and scoring 

Proprietary force field 

derived from MMFF94 

1. Prepare 3D 

structures. 

2. Run flexible 

docking. 

3. Rank and 

visualise 

hits.[27] 

7 
FRED / HYBRID / 

POSIT (OpenEye) 
Commercial 

GUI & 

Command 

line 

Very fast 

exhaustive 

sampling, 

ligand-guided 

docking, and 

pose prediction 

MMFF94 or OPLS 

1. Prepare 

ligand library 

and target site. 

2. Choose 

appropriate 

docking 

method. 

3. Analyse 

ranked 

poses.[27] 

8 PyRx Free GUI 

Simple 

interface 

integrating 

AutoDock/Vina, 

supports batch 

runs 

Uses MMFF94 and Gasteiger 

charges through AutoDock 

backend 

1. Import 

ligands and 

protein. 

2. Define 

docking area. 

3. Run 

screening. 

4. Export 

rankings.[27] 

9 PyRx 
LibDock (Discovery 

Studio) 
Commercial GUI 

HotSpot feature-mapping 

based docking, suitable for 

high-throughput VS 

 

10. 
LibDock (Discovery 

Studio) 

CDOCKER (Discovery 

Studio) 
Commercial GUI 

CHARMm-based molecular 

dynamics simulated 

annealing for flexible ligand 

docking 

 

11. 
CDOCKER (Discovery 

Studio) 
Commercial GUI 

CHARMm-

based molecular 

dynamics 

simulated 

annealing for 

CHARMM 

1. Prepare 

protein and 

ligand 

structures. 

2. Define 
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flexible ligand 

docking 

binding region. 

3. Run flexible 

docking with 

simulated 

annealing. 

4. Score, rank, 

and 

visualise.[27], 

[28] 

12. 
CDOCKER (Discovery 

Studio) 
Commercial GUI 

CHARMm-

based molecular 

dynamics 

simulated 

annealing for 

flexible ligand 

docking 

CHARMM 

1. Prepare 

protein and 

ligand 

structures. 

2. Define 

binding region. 

3. Run flexible 

docking with 

simulated 

annealing. 

4. Score, rank, 

and 

visualise.[27], 

[28] 

 

Summary of Common Force Fields in Ligand 

Preparation 

1. The Merck Molecular Force Field, or 

MMFF94/MMFF94s, is a widely used tool for the virtual 

Screening of small, drug-like compounds. 

2. • General AMBER Force Field, or GAFF, is 

compatible with AMBER biomolecular simulations, 

especially those using tiny organic ligands. 

3. • CHARMM / CGenFF: CHARMM-based 

scoring or molecular dynamics are frequently utilised in 

protein-ligand docking. 

4. The OpenEye package and Schrödinger's Glide 

both use Optimised Potentials for Liquid Simulations 

(OPLS, 2005/3). 

5. • Gasteiger Charges: Vina, PyRx, and 

AutoDock all use fast partial charge assignment to 

prepare ligands quickly.[26], [27], [28] 

 

 

Semi-synthetic Molecule design 

Natural products were employed as excellent starting 

points for analogue design and synthesis. Although the 

valuable lead compounds are natural products, rarely can 

these products be directly employed in clinical 

applications Hence, structural modifications of natural 

products are essential in several cases because the 

inspection of modern research revealed that natural 

products and their semi-synthetic derivatives are 

valuable sources of new drug candidates with a variety 

of biological as well as pharmacological activities 

During the years1981e2014 natural products and their 

semi-synthetic derivatives have accounted for 25% of all 

newly approved drugs It is interesting to note that semi-

synthetic derivatives represent the central part (21%) of 

the contribution. Increasing lipophilicity and inserting 

halogen atoms in natural products are excellent examples 

of modifications that enhanced the biological activity. 

The plan of action for semi-synthesis aims to enhance 

selectivity and therapeutic efficacy, improve 

physicochemical and pharmacokinetic properties, and 
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create patentable compounds. Realising the 

physicochemical activities of natural products to 

simplify drug development is no different from [29] 

 

Figure 1: Workflow for employing HTS in compound selection and optimisation using virtual Screening 

When it comes to incorporating high-throughput 

Screening (HTS) into the design of semi-synthetic 

neuropharmacological agents, automated screening 

platforms and assay development are essential. 

Extensive libraries of compounds can be quickly and 

effectively evaluated using HTS to find those with 

promising biological action against neurological targets. 

Thousands of tests are carried out concurrently with 

excellent precision and reproducibility thanks to fully 

automated systems that integrate robotics, sensitive 

detectors, sophisticated liquid handling, and data 

analysis software. 

Researchers can test semi-synthetic compounds for their 

impact on intricate brain pathways and neuronal targets 

in neuropharmacology using automated HTS platforms. 

Developing dependable, scalable biological tests that 

replicate pertinent neuronal environments—such as 

receptor-based assays or cell-based models of 

neurodegenerative diseases—is the primary goal of assay 

development. These tests are designed to identify minute 
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alterations in protein aggregation, signalling, or neuronal 

activity with great sensitivity and selectivity.[30] 

Because fewer reagents and compounds are required due 

to advancements in automation and miniaturisation, 

expenses are decreased, and throughput is increased. By 

optimising screening procedures, enhancing data 

interpretation, and ranking compounds with the most 

significant therapeutic promise, the integration of 

artificial intelligence further advances assay 

development. The development of novel semi-synthetic 

neuropharmacological agents with enhanced efficacy 

and safety profiles is accelerated by this collaboration 

between automation, HTS, and AI.[31] 

Overall, automated screening platforms coupled with 

well-designed assays form the backbone of modern HTS 

strategies in neuropharmacology, shortening drug 

discovery timelines and increasing the chances of finding 

effective treatments for neurological disorders while 

maintaining high standards of scientific rigour and 

reproducibility. This approach transforms traditional 

drug discovery into a faster, more innovative, and more 

targeted process.[32] 

How do automation platforms enhance 

neuropharmacological research? 

Throughout the drug discovery and development 

process, automation systems significantly enhance 

productivity, accuracy, and repeatability, thereby 

benefiting neuropharmacological research. Researchers 

can perform extensive screenings of neuroactive 

substances more quickly and with fewer human errors 

thanks to these platforms, which combine robotics and 

sophisticated instrumentation to manage massive 

volumes of samples and intricate experiments. 

Automation guarantees consistent test execution, 

yielding dependable and reproducible results that 

increase the trustworthiness of experimental 

findings.[33] 

Automation enables the high-throughput testing of 

substances on neuronal cells, receptors, and biochemical 

pathways, making it easier to explore complex brain-

related targets in neuropharmacology. Automated 

platforms, combined with advanced data analysis 

technologies such as machine learning and artificial 

intelligence (AI), prioritise promising drug candidates, 

optimise experimental conditions, and interpret vast 

datasets. This combination minimises resource 

consumption and shortens the time required to identify 

compounds with potential therapeutic effects.[34] 

Additionally, automation facilitates the creation of 

sophisticated tests, such as 3D cell cultures and disease-

relevant models, that more closely resemble the brain 

environment. More physiologically relevant data are 

made possible as a result, which is essential for creating 

effective neuropharmacological drugs. Additionally, 

automation increases scalability, enabling the efficient 

testing of thousands to millions of samples, and improves 

safety by minimising direct human contact with 

hazardous substances.[24] 

All things considered, automated platforms are 

revolutionising neuropharmacological research into a 

faster, more accurate, and highly scalable field, poised to 

spur new therapeutic discoveries for neurological 

disorders by simplifying processes, reducing errors, and 

facilitating complex data-driven decisions.[34] 

Hit identification and lead optimisation are crucial 

steps in the drug discovery process, particularly in 

designing neuroactive agents through high-

throughput Screening (HTS). 

Hit Identification and HTS Data Analysis 

Finding "hits"—molecules exhibiting desired biological 

activity—in HTS entails screening hundreds of 

thousands of compounds against a biological target. 

These hits serve as the foundation for additional 

therapeutic development. Following Screening, data 

analysis helps identify these hits by assessing the activity 

and repeatability of each compound using statistical 

techniques such as z-scores or % inhibition. To verify 

their impact and eliminate false positives, hits are 

subjected to secondary tests. To narrow down the list to 

suitable candidates for further research and development, 

this step is crucial.[30] 

Hit-to-Lead Progression 

After hits are identified, they undergo recurrent testing 

and optimisation cycles to become lead compounds. 

Along with potency, hit-to-lead progression involves 

assessing variables like pharmacokinetics, toxicity, and 

bioavailability. Through the gradual evolution of hits 

toward clinical prospects, medicinal chemists refine 

these leads by modifying chemical structures to enhance 
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activity and improve drug-like properties. This 

procedure strikes a balance between maintaining an 

appropriate metabolism and a safe profile, while also 

enhancing target engagement.[30] 

Structure-Activity Relationship (SAR) Insights 

SAR studies analyse how different chemical 

modifications affect a compound's biological activity. 

Through systematic variation of chemical groups and 

testing their effects on the target, researchers derive 

relationships that guide the optimisation process. SAR 

data are foundational for understanding which molecular 

features are crucial for activity and can inform the design 

of improved semi-synthetic neuropharmacological 

agents with higher potency and selectivity.[32] 

Medicinal Chemistry Strategies for Optimisation 

1. Medicinal chemistry plays a crucial part in the 

refinement of neuroactive drugs by: 

• Blocking or altering polar groups that lessen receptor 

binding or brain penetration, 

1. • Improving favourable pharmacokinetics and 

metabolic stability. 

2. • Reducing toxicity and off-target effects. 

3. • Including structural elements that improve 

penetration of the blood-brain barrier. 

4. By improving the efficacy, safety, and drug-

likeness of lead compounds, this calculated chemical 

alteration brings them closer to being promising 

treatment candidates for neurological conditions.[30] 

Challenges and Limitations 

Present challenges in the use of HTS for 

neuropharmacological hits include limitations in assay 

equipment, data complexity, and the occurrence of false 

positives and negatives. 

• Particular difficulties in designing semi-synthetic 

molecules [35] 

1. • Difficulties and Restrictions Present 

challenges in the use of HTS for neuropharmacological 

hits. Assay system limitations, data complexity, and false 

positives/negatives. Particular difficulties in designing 

semi-synthetic compounds. • When it comes to 

neuropharmacological hit discovery, especially for semi-

synthetic molecules, high-throughput Screening (HTS) 

has several difficulties and restrictions.[36] 

Current Obstacles in HTS Application for 

Neuropharmacology 

Present challenges in the use of HTS for 

neuropharmacological hits include limitations in assay 

equipment, data complexity, and the occurrence of false 

positives and negatives. 

• Particular difficulties in designing semi-synthetic 

molecules [35] 

• Difficulties and Restrictions Present challenges in the 

use of HTS for neuropharmacological hits. Assay system 

limitations, data complexity, and false 

positives/negatives. Particular difficulties in designing 

semi-synthetic compounds. • When it comes to 

neuropharmacological hit discovery, especially for semi-

synthetic molecules, high-throughput Screening (HTS) 

has several difficulties and restrictions.[34] 

Limitations of Assay Systems and Data Complexity 

Large amounts of complicated, multiparametric data can 

be produced by HTS assays, particularly when cell-based 

or high-content Screening is employed. The 

management, processing, and interpretation of this data 

remain challenging tasks. False positives and negatives 

are serious problems because assay sensitivity or 

variability can cause small but real activities to go 

unnoticed, while non-specific substances may appear 

active. Although statistical techniques, quality control, 

and data standardisation are essential, these errors can 

never be eliminated. Furthermore, data complexity is 

increased by batch effects, plate inconsistencies, and 

experimental noise, all of which necessitate robust 

computational frameworks and specialised expertise to 

manage. 

Specific Challenges in Semi-Synthetic Molecule 

Design 

Semi-synthetic neuropharmacological drugs frequently 

add chemical complexity by combining synthetic 

alterations with natural scaffolding. Unpredictable 

biological interactions resulting from innovative 

alterations, uncontrolled or variable synthetic pathways, 

and challenges in maintaining constant purity and 

stereochemistry are all part of the optimisation process 

for these compounds. Their intricate architectures may 
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also impact metabolic stability, permeability, solubility, 

and assay compatibility, making Screening and lead 

optimisation more challenging. Furthermore, semi-

synthetic chemicals may have unidentified off-target 

effects, making it more challenging to interpret the 

results of screening data.[36] 

Future Perspectives and Emerging Trends 

The future of high-throughput Screening (HTS) using 

computer-aided drug design (CADD) technologies is 

being transformed by AI-driven platforms, high-content 

Screening, and integration with computational 

approaches and systems biology, especially for semi-

synthetic neuropharmacological research.[24] 

Advances in HTS Using CADD Technologies 

Through better candidate selection and assay 

optimisation, artificial intelligence (AI) and machine 

learning are increasing the specificity and efficiency of 

HTS. Among the significant developments are: • AI-

driven predictive models improve screening criteria and 

lower false positives and negatives. 

• By analysing intricate biological and chemical data, 

deep learning enhances assay design and hit detection 

while forecasting compound behaviours. 

• Data-driven simulations and generative design quickly 

investigate different compound chemistries and optimise 

molecular structures. 

1. High-content screening tools enhance our 

understanding of neuropharmacological mechanisms by 

interpreting cellular responses and phenotypic alterations 

using AI-based image analysis.[33] 

Integration with Computational Drug Design & 

Systems Biology 

There is a growing trend towards integrating HTS data 

with computational drug design, allowing: 

1. The use of molecular docking, molecular 

dynamics simulations, and binding free energy 

predictions to optimise lead compounds identified in 

HTS campaigns. 

2. Systems biology tools merging omics data with 

HTS results to map network effects and identify multi-

target agents for complex neural pathways. 

3. Computational pipelines leveraging big data 

from genomics, proteomics, and chemical libraries to 

enable high-throughput virtual Screening beyond 

traditional laboratory constraints.[33] 

Predicted Trends in Semi-Synthetic 

Neuropharmacological Research 

1. These new developments will influence studies 

in semi-synthetic neuropharmacology: 

2. By predicting multi-target 

neuropharmacological profiles and accelerating the 

development of new scaffolds, AI integration will enable 

the quicker optimisation of semi-synthetic analogues. 

3. AI-powered personalised and targeted 

screening methods will adjust compound selection 

according to patient-specific information, potentially 

transforming the way neurological illnesses are treated. 

4. Through dispersed, real-time workflows, cloud-

based research platforms, and collaborative data sharing, 

international neuropharmacology initiatives can be 

facilitated, dismantling barriers between academia and 

industry. 

• Data-driven compound repurposing: By mining and 

connecting Screening and clinical databases, machine 

learning models will find novel applications for already-

approved neuropharmacological drugs and shorten 

development times. 

• To ensure practical utility and regulatory acceptability 

in drug discovery pipelines, there will be an increasing 

emphasis on interpretable and robust AI models. [24] 

All things considered, these patterns point to a future in 

which semi-synthetic neuropharmacological research is 

radically transformed by interdisciplinary, data-rich, and 

intelligent platforms, which will accelerate the process of 

synthesising compounds and bringing them into clinical 

use. 

Conclusion: High-throughput Screening (HTS) has 

emerged as a pivotal strategy in the discovery and 

rational design of semi-synthetic neuropharmacological 

agents, effectively bridging natural product chemistry 

with modern computational drug discovery. The 

integration of automated screening technologies, 

artificial intelligence (AI), and computer-aided drug 

design (CADD) facilitates the rapid assessment and 
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optimisation of extensive compound libraries against 

complex neurological targets. This convergence 

enhances hit identification, elucidation of structure–

activity relationships (SAR), and lead optimisation, 

thereby expediting the development of potent, selective, 

and safe neuroactive compounds. 

Semi-synthetic derivatives, derived from natural 

scaffolds, offer significant therapeutic promise in 

addressing multifactorial neurodegenerative and 

neuropsychiatric disorders such as Alzheimer's disease, 

Parkinson's disease, and major depressive disorder. 

Structural modifications within these molecules enable 

improved pharmacokinetic behaviour, enhanced blood–

brain barrier permeability, and reduced off-target 

toxicity, providing distinct advantages over purely 

synthetic or natural analogues. The adoption of HTS 

platforms streamlines this process through high-

throughput compound evaluation, data-driven analysis, 

and targeted molecular refinement. 

Despite its transformative potential, challenges such as 

assay complexity, data interpretation, and the structural 

diversity of semi-synthetic compounds persist. However, 

recent advancements in AI-assisted analytics, high-

content Screening, and systems biology approaches are 

progressively mitigating these limitations. Collectively, 

these innovations are fostering predictive, efficient, and 

sustainable neuropharmacological research pipelines. 

In summary, the synergistic application of high-

throughput Screening and semi-synthetic chemistry 

represents a paradigm shift in neurodrug discovery. This 

integrative framework, anchored in automation, 

computational intelligence, and molecular innovation, 

holds substantial potential to accelerate the translation of 

molecular insights into clinically relevant 

neurotherapeutics for the effective management of 

neurological disorders. 
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