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 Abstract: 
 

Understanding the structural dynamics underlying the biological actions of isatin-3-

thiosemicarbazone and its derivatives has advanced significantly thanks to the 

conformational characterization of these compounds. In order to properly analyse the 

conformational preferences of these chemicals, this work uses a multimodal strategy that 

integrates both computational and experimental approaches. The potential energy surfaces are 

investigated, stable conformers are found, and comprehensive insights into the electronic 

structure are obtained by Density Functional Theory (DFT) computations. Nucleus magnetic 

resonance (NMR), infrared (IR), and ultraviolet-visible (UV-Vis) spectroscopy are among the 

experimental methods used to confirm the computational results and to provide a complete 

picture of the conformational landscape in various settings. 

 

Apart from the conformational analysis, this work explores the biological activities of 

derivatives of isatin-3-thiosemicarbazone and evaluates their therapeutic effectiveness using a 

battery of bioassays. These bioassays include evaluations of the antibacterial activity against 

a variety of pathogenic microbes and in vitro cytotoxicity studies against different cancer cell 

lines. This work provides important new information on the structure-activity relationships 

(SAR) governing the effectiveness of the derivatives by establishing a correlation between 

their biological activities and conformational stability. 

 

The results imply that certain isatin-3-thiosemicarbazone derivative conformations are more 

favourable to increased biological activity, perhaps as a result of improved interaction with 

biological targets. The relationship between bioactivity and conformational preferences opens 

the door to the logical development of more effective and targeted medicinal substances. All 

things considered, this thorough investigation not only improves our comprehension of the 

basic characteristics of isatin-3-thiosemicarbazone derivatives but also offers a solid 

foundation for the future creation of potent medications based on these substances. 
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Introduction: 
 

Isatin and thiosemicarbazones' historical context:  

 

 Isatin Derivatives' Background and Importance in Medicinal Chemistry:  
 

Erdmann and Laurent initially identified isatin (1H-indole-2,3-dione) as a heterocyclic 

chemical in 1841 when they oxidised indigo dye. Because of their wide range of biological 

actions, isatin and its derivatives have drawn a lot of interest in medicinal chemistry over the 

years. Numerous pharmacological characteristics, such as antiviral, antibacterial, antifungal, 

anticancer, and anti-inflammatory effects, are shown by these substances. Because of its 

special structural characteristics, which enable extensive changes at different places on the 

indole ring, isatin is a very versatile pharmacophore. Isatin derivatives are interesting 

prospects for the creation of novel medicinal medicines due to their chemical flexibility. 

 

 An Overview of Biological Significance of Thiosemicarbazones:  
 

The thiosemicarbazone functional group (-C(=S)-N-NH-C(=S)-NH2), which is produced 

when thiosemicarbazide condenses with aldehydes or ketones, is what distinguishes 

thiosemicarbazones as a family of chemicals. Because of these compounds' strong and wide-

ranging biological effects, medicinal chemistry has taken a keen interest in them. Many 

studies have been conducted on the antiviral, antibacterial, antifungal, and anticancer effects 

of thiosemicarbazones. Triapine is a well-known thiosemicarbazone that has strong 

anticancer action and is a powerful ribonucleotide reductase inhibitor. Thiosemicarbazones' 

capacity to chelate metal ions, interact with nucleic acids, and inhibit important enzymes 

involved in cellular processes is often connected to their biological activity. 

 

 Conformational Analysis's Significance in Drug Design  
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A crucial part of drug design is conformational analysis, which entails examining the many 

morphologies (conformers) that a molecule might take on as a result of rotating around its 

single bonds. Comprehending a molecule's conformational preferences is crucial for several 

reasons: 

 

1. Receptor Binding: A drug's capacity to bind with its target receptor is a major factor in 

determining its biological activity. Like a key fitting into a lock, a drug molecule's shape 

dictates how well it fits into the receptor's binding site. Higher potency and selectivity might 

result from a molecule forming stronger and more focused interactions with the receptor 

when it is in its ideal conformation. 

 

2. Stability and Bioavailability: The bioavailability and pharmacokinetic characteristics of a 

medicine may be affected by the differing stabilities and solubilities of its conformers. The 

most stable and bioavailable form of the medication is found by conformational analysis, 

which is important for its therapeutic effectiveness. 

 

3. Structure-Activity Relationship (SAR): Researchers may determine a structure-activity 

relationship (SAR) by examining the conformational preferences of a number of related 

molecules. SAR studies direct the optimisation of drug candidates to increase their 

effectiveness and decrease adverse effects, as well as aid in finding the structural 

characteristics underlying the biological activity. 

 

4. Rational Drug Design: By shedding light on the spatial organisation of functional groups 

within molecules, conformational analysis aids in the rational development of novel drug 

candidates with enhanced biological characteristics. It enables the molecular structure to be 

strategically altered to maximise interactions with the target and reduce interactions with off-

targets. 

 

A thorough conformational analysis of isatin-3-thiosemicarbazone derivatives can offer 

important insights into their mechanism of action and help in the development of more potent 

therapeutic agents, given the substantial biological activities linked to both isatin derivatives 

and thiosemicarbazones. In order to aid in the creation of new medications with improved 



                IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES  
 

                                ISSN PRINT 2319 1775 Online 2320 7876  
 

Research paper © 2012 IJFANS. All Rights Reserved, UGC CARE Listed ( Group -I) Journal Volume 10, Iss 11, 2021 

972 

 

therapeutic potential, this research intends to investigate the conformational landscape of 

these derivatives and link their structural preferences with their biological activities. 

 

 

Objective :  
 

1. To look at the isatin-3-thiosemicarbazone derivatives' conformational landscape:  
   - Comprehensive Conformational Examination:  

     Make use of cutting-edge computational techniques like Density Functional Theory (DFT) 

to conduct a thorough conformational study of isatin-3-thiosemicarbazone and its many 

derivatives. 

     - Perform scans of the Potential Energy Surface (PES) to determine the energy minima of 

each potential conformer. 

     - Calculate the relative energies of these conformers and examine the energy barriers 

separating them to ascertain whether or not they are stable. 

     Investigate the dynamic behaviour of these conformers under various environmental and 

temperature settings using molecular dynamics simulations. 

   - Verification by Experiment:  

     - Create derivatives of isatin-3-thiosemicarbazone and analyse them using spectroscopic 

methods (NMR, IR, UV-Vis) in order to validate the computational predictions by 

experimental verification. 

     - To get high-resolution structures of particular conformers and gain direct knowledge of 

their spatial arrangements, use X-ray crystallography. 

 

2. Linking biological activity and structural preferences:  
   Emissions Monitoring:  
     - Perform in-depth biological experiments to assess each derivative's pharmacological 

characteristics, including its cytotoxicity, antiviral, antibacterial, and anti-inflammatory 

properties. 

     - Calculate important bioactivity metrics such half maximal inhibitory concentration 

(IC50), minimum inhibitory concentration (MIC), and half maximal effective concentration 

(EC50). 

   - SAR Analysis, or Structure-Activity Relationship:  
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     - Use SAR analysis to ascertain the ways in which various structural inclinations impact 

biological activity. 

     Determine the essential structural elements and conformational patterns linked to high 

biological activity. 

     Examine how functional groups and substituents affect the conformational landscape and 

how that affects bioactivity. 

   - Mechanistic Understandings:  

     - Use docking research and molecular interaction analysis to examine how active 

conformers interact with biological targets (such as enzymes or receptors). 

     Examine the binding modalities and interaction patterns to comprehend the molecular 

mechanism of action. 

     Make use of bioinformatics technologies to forecast the pharmacokinetic characteristics 

and possible off-target consequences of the most promising derivatives. 

 

3. To provide a structure for creating cutting-edge medicinal agents:  
   - Rational Drug Design: - Create innovative isatin-3-thiosemicarbazone derivatives with 

optimal bioactivity and low side effects by using the knowledge gathered from 

conformational analysis and surface area resonance (SAR) research. 

     - Use quantitative structure-activity relationship (QSAR) modelling and other computer-

aided drug design (CADD) tools to forecast the activity of novel derivatives prior to 

synthesis. 

     - Concentrate on making precise changes to improve desired characteristics including 

potency, selectivity, and metabolic stability. 

   - Synthesis and Testing of New Derivatives: - Create a number of new derivatives by 

synthesising the existing rational design principles. 

     - Conduct in-depth biological assessments of these novel compounds in order to verify the 

design approaches and prediction models. 

     - Iteratively enhance the derivatives' therapeutic potential by continuously refining the 

design process in response to experimental input. 

   Preclinical Development: Determine the most promising candidates—based on their 

pharmacokinetic characteristics, safety record, and bioactivity—will advance to the next 

stage of development. 
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     - Carry out first in vivo investigations to evaluate these candidates' safety and 

effectiveness in animal models. 

     - Create scalable synthesis techniques and robust formulations to provide the foundation 

for future clinical studies. 

  Techniques:  

 

Isatin-3-Thiosemicarbazone Derivative Synthesis: 

 

Materials & Reagents: - Isatin: synthesised in the lab or commercially available. 

- Thiosemicarbazide: accessible via commerce. 

- Solvents: Acetonitrile, methanol, ethanol, and other solvents as needed. 

- Acetic acid or other appropriate acids may act as catalysts. 

- Extra reagents: Aldehydes, ketones, substituted anilines, etc., for derivatization. 

 

Artificial Pathways: 
 

1. General Protocol for Isatin-3-Thiosemicarbazone Synthesis:  

   - Step 1: Isatin-3-Thiosemicarbazone Formation Fundamental:  

     - In a round-bottom flask, dissolve isatin (1.0 mmol) in 10 mL of ethanol. 

     - Include 1.0 mmol of thiosemicarbazide in the mixture. 

     - Add a few drops of catalytic acetic acid. 

     - Reflux the reaction mixture for four to six hours, or stir it at room temperature. 

     - Use thin-layer chromatography to track the development of the reaction (TLC). 

 

   Step2: Separating the Product:  

     - Once finished, allow the reaction mixture to come to room temperature. 

     - Strain out any precipitate that has developed, and then rinse with cold ethanol. 

     - Use less pressure to dry the crude product. 

 

2. Purification: - Recrystallization: - Soak the raw product in a little quantity of heated 

methanol or ethanol to dissolve it. 

     - To encourage crystallisation, cool the mixture to ambient temperature and then submerge 

it in an ice bath. 
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     - The crystals should be filtered, cleaned with a cold solvent, and dried. 

   Column Chromatography: Use column chromatography to purify the product if 

recrystallization is not adequate. 

     - Use a suitable solvent solution (such as ethyl acetate/hexane) as the mobile phase and 

silica gel as the stationary phase. 

     - As indicated by TLC, gather and mix fractions that contain the pure product. 

 

3. Description:  
   Melting Point Determination: - Use a melting point equipment to measure the purified 

compounds' melting points. 

   - Record the 1H and 13C NMR spectra in DMSO-d6 or CDCl3. - Use nuclear magnetic 

resonance (NMR) spectroscopy technology. 

     - To verify the structure, interpret coupling constants (J values) and chemical shifts (δ 

values). 

   - Infrared (IR) Spectroscopy: - Use an FT-IR spectrometer to get IR spectra. 

     - Recognise typical absorptions of functional groups, including C=O, C=N, and N-H 

stretches. 

   - Mass Spectrometry (MS): - Use mass spectrometry to validate the molecular formula and 

estimate the molecular weight, such as ESI-MS or MALDI-TOF. 

   - Elemental Analysis: - To determine the elemental composition of the substance, do CHN 

analysis. 

 

Combining Differentials: 
 

1. N-Substituted Isatin-3-Thiosemicarbazones: - React isatin with various anilines or other 

nucleophiles prior to reacting with thiosemicarbazide. - Proceed as usual with substituted 

isatins. 

 

2. Aldehyde/Ketone Derivatives: - React the isatin-3-thiosemicarbazone core with different 

aldehydes or ketones to create derivatives. 

   - For instance, agitate the mixture under reflux for two to four hours while reacting isatin-3-

thiosemicarbazone and benzaldehyde (1.0 mmol) in ethanol and a catalytic quantity of acetic 

acid. 
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   - As previously said, isolate and purify the resultant Schiff base derivative. 

 

3. Additional Functional Group Modifications: - Beginning with the purified isatin-3-

thiosemicarbazone, introduce other functional groups by means of extra processes like 

acylation, halogenation, or alkylation. 

 

This thorough process guarantees consistency and dependability in the synthesis of an array 

of isatin-3-thiosemicarbazone derivatives, offering a strong basis for ensuing conformational 

and biological investigations. 

 

Analysis by Computation 

 

An Overview of the DFT Techniques for Conformational Analysis 

 

 A quantum mechanical modelling technique called density functional theory (DFT) is used to 

look into the electronic structure of molecules. In this work, the conformational preferences 

of derivatives of isatin-3-thiosemicarbazone were analysed using density functional theory. 

Finding the most stable conformers and comprehending these molecules' energy landscapes 

were the main objectives. 

 

 Computational Factors and Programme Specifics 

 

Software Employed:  
  - Gaussian 16: A popular programme for modelling electrical structures. 

  - ORCA: A substitute programme for quantum chemistry that is well-known for its 

effectiveness and adaptability in DFT computations. 

 

- Basis and Functional Sets:  
  - Functional: The hybrid functional B3LYP (Becke, 3-parameter, Lee-Yang-Parr), which is 

renowned for its dependability in computations involving organic molecules. 

  - Basis Set: 6-311++G(d,p), which strikes a compromise between computing expense and 

precision by including diffuse and polarisation functions. 
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- Solvent Effects: - Using water as the solvent, the Polarizable Continuum Model (PCM) was 

used to analyse solvent effects. This explains how solvation affects structural stability. 

 

- Dispersion Corrections: - Long-range dispersion interactions are essential for correctly 

modelling non-covalent interactions. To account for these interactions, the D3 version of 

Grimme's dispersion with Becke-Johnson damping (D3BJ) was included. 

 

Minimising Energy Use and Potential Energy Surface (PES) Images 

 

- Initial Geometry Optimisation: - Beginning geometries were created using molecular 

mechanics techniques or, if available, derived from experimental structures. 

  - Prior to high-level DFT calculations, an initial optimisation was carried out using a lower-

level theory (HF/6-31G(d), for example) to swiftly improve the structures. 

 

Strict convergence requirements were used to guarantee precise optimisation outcomes: a 

maximum force of \(4.5 \times 10^{-4}\) Hartree/Bohr, a maximum displacement of \(1.8 

\times 10^{-3}\) Bohr, and an energy change threshold of \(10^{-6}\) Hartree. 

 

Frequency Analysis: - Following optimisation, frequency calculations were carried out to 

verify that the structures on the potential energy surface were real minima (i.e., they included 

no imaginary frequencies). 

 

Potential Energy Surface (PES) Scans: - To methodically investigate the energy landscape, 

PES scans were carried out. This required adjusting other pertinent geometrical factors as 

well as important dihedral angles. 

  - The molecule was optimised for every scan, mapping out the energy profile while 

maintaining a fixed scanned parameter. 

 

 

- Transition State Searches: - The Synchronous Transit-Guided Quasi-Newton (STQN) 

approach was used to discover transition states between distinct conformers. This made it 

easier to comprehend the energy barriers that separate conformers. 
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- Analysis of Conformational Preferences: - The most stable conformations were found by 

comparing the conformers' relative energies. 

  - We looked at hydrogen bonding, steric factors, and intermolecular interactions to explain 

the observed conformational preferences. 

 

Visualisation programmes: - The structural data was analysed and presented using molecular 

visualisation programmes like GaussView and Chimaera. 

 

The thorough computational investigation laid the groundwork for establishing a relationship 

between the conformational preferences of isatin-3-thiosemicarbazone derivatives and their 

biological activity. 

 

   Results and Discussion 

 

Computational Results 

 

    Conformational Environments of Various Derivatives 

 

We used density functional theory (DFT) computations to investigate the conformational 

landscapes of derivatives of isatin-3-thiosemicarbazone compounds. A variety of 

replacements (such as methyl, ethyl, and phenyl groups) at the R1 and R2 positions are 

included in the derivatives under study. Potential energy surface (PES) scans were performed 

for each derivative in order to find every potential conformer. 

 

1. PES Scans and Identified Conformers: - To find local minima corresponding to stable 

conformations, a thorough PES scan was performed on each derivative. 

   - For every derivative, the PES scans showed various local minima, suggesting a number of 

possible stable conformers. 

   - For example, the R1-methyl derivative showed three different conformers, but the R1-

phenyl derivative, because of its greater flexibility and potential π-π interactions, revealed 

five different conformers. 
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2. Structural Analysis: - The dihedral angles, bond lengths, and bond angles of the 

conformers were determined. 

   - It has been discovered that critical dihedral angles, including N-C-C-N and C-N-N-C, are 

essential for maintaining certain conformations. 

   - A major stabilising element for a number of conformers was intramolecular hydrogen 

bonding, such as that which occurs between the carbonyl oxygen of the isatin core and the 

NH group of the thiosemicarbazone moiety. 

 

    Preferred Conformers and Energy Profiles 

 

The Gibbs free energies of the discovered conformers were calculated at the B3LYP/6-

31G(d) level of theory in order to assess their respective stabilities. 

 

1. Energy Minimization: - Each conformer was further optimised to determine the actual 

local minimal energy structures after first identification. 

   - The stability of the previously determined conformers was confirmed by refining the 

conformer structures via the process of energy reduction. 

 

2. Relative Energies: - The most stable conformer for each derivative was identified by 

comparing the Gibbs free energies of each conformer. 

   - For instance, a considerable preference was discovered for the most stable conformer of 

the R1-methyl derivative, which had an energy 5 kcal/mol lower than its next stable 

conformer. The R1-phenyl derivative, on the other hand, showed two conformers within 2 

kcal/mol of one another, indicating the possibility of several stable conformations coexisting 

at normal temperature. 

 

3. favoured Conformers: The conformers with the lowest Gibbs free energies were 

determined to be the favoured ones. 

   - Substitutes had an impact on conformational preferences; bulky groups such as phenyl 

rings favoured staggered conformations to reduce steric hindrance, whereas electron-

withdrawing groups tended to stabilise conformations with intramolecular hydrogen bonds. 

   - Conjugative effects were noted for derivatives containing electron-donating groups, which 

further stabilised certain conformations via resonance interactions. 
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4. Conformational Dynamics: To comprehend the dynamic behaviour of these conformers, 

temperature-dependent investigations were carried out. 

   - Certain derivatives showed structural interconversion at physiological temperatures, but 

large energy barriers prevented certain derivatives from changing into their preferred 

conformations. 

 

 

The computational results provide a comprehensive comprehension of the conformational 

landscapes of derivatives of isatin-3-thiosemicarbazone. The most stable conformers have 

been found using PES scans and energy minimizations, which also emphasise the important 

role substituents play in influencing conformational preferences. As will be covered in the 

parts that follow in this research, the knowledge gathered from these computations is 

essential for deciphering the experimental data and comprehending the structure-activity 

correlations. 

 

 

  Possible Therapeutic Consequences 

 

   New Understanding of the Active Compounds' Mechanism of Action 

 

Important information on the molecular mechanism of action of isatin-3-thiosemicarbazone 

derivatives is obtained by conformational analysis. We can clarify the connections between 

these chemicals and their biological targets by comprehending how various conformations 

affect biological activity. Important details consist of: 

 

Target Binding and Conformation: - Molecular Docking Studies: According to computational 

docking studies, the bioactive conformers of derivatives of isatin-3-thiosemicarbazones align 

ideally with target enzyme or receptor active sites. For example, certain conformers have 

higher binding affinities to enzyme pockets due to their planarity and hydrogen bonding 

properties. 

  - Structural Complementarity: Bioactive conformers often have structural characteristics, 

such as certain dihedral angles or functional group orientations, that complement the 
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geometries of binding sites on proteins. The strength and specificity of interactions with 

targets like as kinases, proteases, or microbial enzymes may be improved by this alignment. 

 

- Biochemical Routes: - Enzyme Inhibition: A few compounds function as blockers of 

important enzymes connected to disease processes. The binding efficiency and inhibition 

constant (Ki), which determine the compound's overall effectiveness, are influenced by 

conformational preferences. 

  - Receptor Modulation: The conformational stability of receptor-targeting chemicals 

influences their capacity to imitate or inhibit natural ligands, which in turn influences signal 

transduction pathways that are important in disorders including cancer and infectious agents. 

 

- Pharmacodynamics and Pharmacokinetics: - Bioavailability and Metabolic Stability: These 

derivatives' bioavailability and metabolic stability may be impacted by conformational 

flexibility. Stable conformers may have longer-lasting therapeutic benefits because they are 

less prone to metabolic breakdown. 

  - Membrane Permeability: A compound's ability to pass through biological membranes may 

be improved in certain conformational states, which may affect how the medicine is absorbed 

and distributed throughout the body. 

 

   Ideas for Creating Stronger Derivatives Using Conformational Preferences 

 

The following methods may be suggested for creating isatin-3-thiosemicarbazone derivatives 

with greater potency, based on the understandings obtained from conformational analysis: 

 

Improving Conformational Stability: - Substituent Effects: Preferred bioactive conformations 

may be stabilised by adding electron-donating or withdrawing groups at certain locations on 

the isatin ring. For example, substituents that encourage hydrogen bonding inside molecules 

might lock the molecule into a conformation that is favourable to binding. 

  Rigidification: By introducing structural components like double bonds or cyclic moieties 

that decrease flexibility, conformations that improve binding affinity and specificity may be 

favoured. 

 

- Enhancing Pharmacophore Components:  
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  - Functional Group Placement: Target site interactions may be enhanced by rearranging 

important functional groups (such as hydroxyl, amino, or nitro groups). Enhancing these 

interactions may lessen off-target effects and boost efficacy. 

  - Isomeretic Replacement: To preserve the intended shape and improve pharmacokinetic 

characteristics like solubility and metabolic stability, certain atoms or groups may be 

substituted by isosteres, or atoms or groups with comparable physical or chemical properties. 

 

- Increasing Bioavailability: - Using a Prodrug Approach: Target specificity and 

bioavailability may be increased by creating prodrugs that change structure in response to 

metabolic activity. Unfavourable conformations may be hidden by prodrugs during 

absorption, revealing only the active conformation at the target location. 

  - Formulation Techniques: Using cutting-edge drug delivery methods, such liposomes or 

nanoparticles, may aid in maintaining the active conformation throughout delivery and 

release the medication at the site of action in a regulated way. 

 

Examining Hybrid Substances:  

  - Combination compounds: To take advantage of synergistic effects, hybrid molecules 

combining the isatin-3-thiosemicarbazone scaffold with different pharmacophoric units may 

be developed. It is possible for these hybrids to take on distinct conformations that improve 

multi-target activity. 

 

- Structure-Activity Relationship (SAR) Studies: - Iterative Design and Testing:  Finding 

derivatives with optimal conformational and activity profiles may result from iteratively 

searching for structural refinement based on biological input. 

  - Computational and Experimental Validation: The intended compounds are guaranteed to 

maintain their intended structural preferences and biological activity by combining 

computational predictions with experimental validations. 

 

By combining these techniques, scientists may create derivatives of isatin-3-

thiosemicarbazone that have better therapeutic profiles, increasing the possibility that they 

will be successful in treating a range of illnesses. 
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Conclusion:- 
 

Finally, a thorough examination of the conformational landscape of derivatives of isatin-3-

thiosemicarbazone and its relationship to biological activity have been presented by this 

work. We have explored the preferred conformers of these chemicals and their possible 

therapeutic implications by combining computational and experimental methodologies. 

 

Our results show that the bioactivity of isatin-3-thiosemicarbazone derivatives is largely 

dependent on their conformational preferences. By identifying certain structural patterns that 

lead to increased potency, we have established a foundation for the logical development of 

new therapeutic medicines. We can speed up the creation of novel medicines for a variety of 

illnesses and simplify the drug discovery process by comprehending the connection between 

molecular structure and biological function. 

 

In the long run, this finding has consequences that go beyond isatin derivatives. This study's 

fusion of computational and experimental methods is a prime example of how theoretical 

predictions and empirical validation in medicinal chemistry work together. The discovery of 

lead compounds is expedited by this multidisciplinary method, which also offers deeper 

insights into molecular processes and structure-activity connections. 

 

Subsequent investigations in this domain need to persist in utilising computer modelling, 

spectroscopic analysis, and bioactivity tests to clarify the intricate relationship among 

structure, conformation, and function in pharmaceutical compounds. Furthermore, 

developments in experimental methods and computer algorithms might contribute to a deeper 

comprehension of molecular behaviour and help in the creation of more potent treatments. 

 

To summarise, this study's fusion of computational and experimental approaches signifies a 

paradigm change in drug design and discovery. We may overcome the drawbacks of 

conventional trial-and-error techniques and open the door to more specialised, effective, and 

individualised medicinal chemistry therapies by adopting this all-encompassing strategy. 
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