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Abstract 

Drug repurposing provides a rational strategy to expand therapeutic applications of compounds with 
established toxicological and pharmacological backgrounds. Cutaneous injury and inflammatory 
dermatoses are driven by interconnected oxidative stress, inflammatory signaling, and cellular repair 
pathways rather than single-target dysregulation. The present review evaluates the potential 
repositioning of the sulphur-mustard countermeasure candidate DRDE-07 using a structure-guided 
comparative framework against established cytoprotective agents such as aminothiol 
radioprotectants and endogenous polyamines. A narrative literature-based analysis was performed 
integrating published mechanistic information for reference cytoprotective molecules with 
physicochemical descriptors and in-silico drug-likeness parameters of DRDE-07. Comparative 
assessment focused on structural backbone similarity, translational feasibility, and compatibility with 
biological stress-response pathways relevant to skin injury. The evaluation indicates that DRDE-07 
retains functional chemical features associated with indirect cytoprotection while exhibiting 
physicochemical characteristics more consistent with conventional small-molecule therapeutics, 
including balanced lipophilicity and predicted bioavailability. Mechanistic comparison suggests 
potential compatibility with pathways involved in oxidative stress adaptation and inflammatory 
regulation rather than high-affinity single-target inhibition. The analysis supports a hypothesis-
generating framework in which DRDE-07 may represent a structurally suitable candidate for 
repurposing in cutaneous protection research. Rather than asserting therapeutic activity, the 
comparison suggests compatibility with biological pathways implicated in tissue stress adaptation 
and barrier homeostasis. Accordingly, DRDE-07 is proposed as a candidate for further experimental 
evaluation in dermatological contexts. This review therefore outlines a hypothesis-generating 
framework based on structural analogy and pathway convergence, highlighting how 
countermeasure molecules may be systematically assessed for repurposing into cutaneous protective 
strategies.  

Keywords: drug repurposing; radioprotectant analogs; DRDE-07; cytoprotective mechanisms; 
oxidative stress modulation; inflammatory signaling; structural similarity 
 

Introduction 

The development of an effective drug for a medical condition generally takes a very long time 
due to the need for multiple studies across many assay models. The final cost until the drug is 
marketed is very high and may be as high as 1 to 5 billion USD [1]. Due to the time and cost, many 
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drugs during the middle or the final stage of development are discontinued. Because of this factor, 
many pharmaceutical companies do not attempt drug discovery and development [2]. Only 
developed countries and multinational companies allocate large budgets to new drug development. 
Despite these challenges, biomedical databases collectively list more than 20,000 drugs-related 
compounds, including approved drugs, investigational and discontinued agents [3].  

With advances in technical knowledge, machine learning, data mining and analysis, and 
artificial intelligence, a variety of existing and approved drugs are being reconsidered for new 
medical conditions and illnesses, and are known as drug repositioning [4]. Repurposing offers 
substantial advantages by leveraging existing safety, toxicity, and pharmacokinetics data, thereby 
reducing development time and cost. Drugs for different diseases, failed drugs, and combination 
therapies are being attempted for areas like cancer, neurodegenerative disorders, and infectious 
diseases, and also provide options for pandemics and medical conditions where there are no 
approved drugs exist [5]. The regulatory requirements for introducing a different medical condition 
or disease are generally simple. There are several examples of repurposed drugs viz., sildenafil, 
originally developed for angina and hypertension is repurposed for erectile dysfunction and 
pulmonary arterial hypertension [6], thalidomide a sedative discontinued due to severe birth defects 
is repurposed for leprosy and multiple myeloma [7] minoxidil used for high blood pressure is 
repurposed for hair loss [8], remdesivir an antiviral repurposed for COVID-19 [9], aspirin a potent 
analgesic is repurposed as antiplatelet therapy to prevent cardiovascular events and also being 
studied for colorectal cancer prevention [10], methotrexate used in cancer is repurposed in 
autoimmune diseases [11]. 

Similar to drug repurposing, several therapeutically useful molecules were accidentally 
discovered to treat medical conditions, known as serendipitous drugs. The classic example is the 
discovery of penicillin for the treatment of infectious diseases and drugs like cisplatin, warfarin, 
lithium and chlorpromazine [12]. Many of the repurposed drugs are, in a way, serendipitously 
identified for alternative medical conditions. In modern drug development, unexpected side effects 
or secondary pharmacological actions of effective drugs can be systematically explored for new 
therapeutic indications using contemporary technologies such as machine learning, data mining, and 
computational modelling. 

 When drugs and chemicals are administered to laboratory animals, toxicity or lethality is 
highest with intravenous administration, followed by intraperitoneal, intramuscular, subcutaneous, 
oral, and the least with percutaneous or dermal application. The effect depends upon the speed of 
absorption, entry into systemic circulation, and the rate of metabolism to an active intermediate [13]. 
The alkylating agent, sulphur mustard, a known chemical warfare agent, causes serious blisters upon 
contact with the human skin and lesions and systemic toxicity in laboratory animal models [14,15].  
Interestingly, the toxicity of sulphur mustard was greater through the percutaneous route than 
through the subcutaneous or oral routes in laboratory animals (mice, rats or rabbits) [16].  Not only 
sulphur mustard, but also in the nitrogen mustards, the toxicity is more through the percutaneous 
route [17]. This is possible due to the formation of reactive molecules by the rapidly dividing cells of 
the skin (stratum basale), which causes oxidative stress leading to lethality [14]. Among the various 
antidotes evaluated for protection against the toxic effects of sulphur and nitrogen mustards, 
amifostine and the DRDE series of compounds (code for the laboratory) showed good efficacy.  
Orally administered DRDE series of compounds (DRDE-07, DRDE-30 and DRDE-35) showed strong 
protective effects in experimental models [18]. Polyamines, viz., putrescine, spermidine and 
spermine, are used for psoriasis, skin cancers, melasma, urticaria, hyperpigmentation and other 
reactive skin conditions [19–21].  Since amifostine and the DRDE series of compounds share a 
structure similar to that of the polyamines, the present study aimed to investigate their possible use 
in skin diseases using machine learning tools. 

      Rationale for Repurposing and In Silico Pharmacokinetic Assessment 
The present study employed in silico drug repurposing and comparative pharmacokinetic 

feasibility assessments to evaluate the potential of selected Defence Research and Development 
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Establishment (DRDE) compounds DRDE-07, DRDE-30, and DRDE-35 for dermatological and skin-
protective applications. The study design aligned with the stepwise, risk-based nonclinical 
development principles outlined in ICH M3(R2) and relevant OECD guidance, which use 
computational approaches to prioritize early candidates before experimental pharmacology or 
toxicology testing [22,23]. 

The DRDE compounds were compared with reference agents possessing established 
radioprotective or skin-related relevance, including amifostine and representative polyamines 
(putrescine, spermidine, and spermine). The assessment integrated computational ADME prediction, 
qualitative physicochemical profiling, regulatory document review, and published literature analysis 
to compare properties relevant to cutaneous exposure, dermal penetration, and topical feasibility 
[24]. 

Importantly, this approach was not intended to directly predict in silico efficacy; instead, it was 
designed to determine whether the selected DRDE compounds possess drug-like and dermal-
compatible attributes comparable to or more favourable than those of reference molecules, thereby 
justifying further experimental investigation. Such feasibility-focused evaluations are consistent with 
regulatory expectations for early-stage repurposing efforts and avoid premature pharmacodynamic 
overinterpretation [25]. 

Selection of Compounds: 
Test Compounds- DRDE-07, DRDE-30, DRDE-35; Reference Compounds- Amifostine, 

Polyamines: putrescine, spermidine, and spermine. The DRDE compounds were selected based on 
previous experimental reports demonstrating protective efficacy against sulphur and nitrogen 
mustard-induced toxicity, including skin injury, following oral or systemic administration in animal 
models [16,18]. These findings suggest a cytoprotective and tissue-protective pharmacological 
profile, making them rational candidates for repurposing toward dermatological indications. 
Amifostine [26,27] and polyamines [28] serve as primary reference benchmarks in this study because 
of their well-established efficacy in providing cryoprotection and radioprotection, their potent 
antioxidant activity, and their critical regulatory roles in skin homeostasis and cellular stress response 
mechanisms.  

Establishment of Structural and Functional Relevance: Structural similarity between DRDE 
compounds and reference agents was not defined by strict molecular identity, but rather by shared 
functional and physicochemical features, including the presence of amine or polyamine-like 
functional groups, comparable cationic or polar characteristics, known or hypothesized roles in 
cellular protection and redox balance, and tissue recovery. Such functional similarity-based 
comparison is widely accepted in early drug-repurposing research, particularly when mechanisms 
are multifactorial and not target-specific [29,30]. This approach enables contextual comparison 
without implying identical mechanisms of action. 

In-Silico ADME and Physicochemical Property Prediction: Pharmacokinetic and 
physicochemical properties of all selected compounds were predicted using SwissADME, a freely 
accessible and widely used computational platform for evaluating pharmacokinetic and drug-
likeness profiles (Swiss Institute of Bioinformatics; http://www.swissadme.ch) [24]. SwissADME 
enables the prediction of key physicochemical and biological parameters relevant to drug discovery 
using validated cheminformatics algorithms. 

The chemical structures of all DRDE compounds were first drawn and converted to SMILES 
(Simplified Molecular Input Line Entry System) notation based on their reported structures. These 
SMILES strings were then uploaded individually into the SwissADME interface for analysis. 
Natural/reference compounds were taken from the PubChem database 
https://pubchem.ncbi.nlm.nih.gov/. In addition, the Bioavailability Radar tool within SwissADME 
was employed to visually summarize six key physicochemical features: lipophilicity, size, polarity, 
solubility, flexibility, and saturation to evaluate the overall oral drug-likeness of each compound. 
Compounds falling within the optimal radar space were considered to possess favourable 
pharmacokinetic characteristics. 
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The evaluation focused on qualitative parameters relevant to dermal and topical drug 
development, including predicted bioavailability class, lipophilicity classification, topological polar 
surface area (TPSA), hydrogen-bond donor and acceptor capacity, drug-likeness based on Lipinski 
and related medicinal chemistry rules, and predicted skin permeability (log Kp category). These 
parameters were selected for their established roles in regulating cutaneous exposure and membrane 
transport. Lipophilicity influences partitioning into the stratum corneum and governs initial skin 
penetration [31,32], while TPSA reflects molecular polarity and is a critical determinant of passive 
diffusion across biological membranes, including skin [32]. Drug-likeness criteria provide an 
integrated assessment of molecular suitability for pharmaceutical development and formulation 
feasibility [30]. Predicted skin permeability (log Kp) offers an early indication of whether a compound 
may achieve sufficient local exposure following topical or dermal application [25,33]. Although 
bioavailability classification is primarily relevant to systemic delivery, it supports interpretation of 
absorption tendencies and molecular behaviour at biological interfaces. Collectively, these 
parameters do not establish pharmacodynamic efficacy but provide evidence of exposure feasibility, 
which is a prerequisite for any dermal pharmacological effect. SwissADME outputs were interpreted 
using qualitative classifications rather than absolute numerical thresholds, minimizing model-
specific bias and ensuring consistency across compounds [24]. 

Comparative Skin Permeability Assessment: Predicted skin permeability classifications 
generated by SwissADME were comparatively evaluated across DRDE compounds and reference 
agents. Particular emphasis was placed on lipophilicity TPSA balance, as these properties are well 
recognized as major determinants of transdermal and percutaneous absorption [31,32]. Compounds 
were categorized into qualitative permeability classes (e.g., negligible, low, or potential permeability) 
based on integrated predictions and established pharmacokinetic principles governing skin-barrier 
function. 

This classification indicates whether a substance can reach viable skin layers, which is an 
essential prerequisite for local pharmacological activity, but it does not predict therapeutic efficacy. 
Permeability classification thus serves as a screening and prioritization method to accelerate progress 
toward experimental assessments [34]. 

Literature Review and Regulatory Document Analysis: A structured literature review was 
conducted using peer-reviewed scientific databases to collate information on: The role of polyamines 
(including spermidine) in skin physiology and disorders such as psoriasis, hyperpigmentation, 
inflammatory dermatoses, and skin cancers [35]. Experimental evidence supporting the protective 
effects of DRDE compounds against vesicant-induced skin injury was reviewed by Vijayaraghavan 
and Sharma 2025 [18] and pharmacological and safety characteristics of amifostine and related agents 
by King et al., 2020 [36]. Additionally, publicly available regulatory documents, including FDA drug 
labels and assessment reports, were reviewed to understand approved routes of administration, 
known pharmacokinetic limitations, and clinical constraints associated with reference compounds 
[37]. These data were used solely for qualitative contextual interpretation and to support comparative 
reasoning; no numerical extrapolation or regulatory claims were derived. 

Data Interpretation and Comparative Analysis: All findings were interpreted using a 
comparative and trend-based approach, emphasizing relative similarities and differences between 
DRDE compounds and reference agents rather than absolute predictive values. This strategy aligns 
with accepted practices in early-stage computational repurposing research and supports 
developmental decision-making without overinterpretation [38]. 

Ethical Considerations: This study was based exclusively on computational modelling, 
published literature, and publicly accessible regulatory information. No new in vivo, in vitro, or 
clinical experiments were conducted. Therefore, ethical committee approval was not required. 
Collectively, this SwissADME-based in-silico evaluation supports the prioritization of selected DRDE 
compounds as feasible candidates for dermal repurposing and provides a rational, hypothesis-
generating basis for subsequent experimental validation, consistent with ICH M3(R2) guidance for 
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overall reduction, refinement, and replacement of animal tests (3Rs) and OECD Integrated 
Approaches to Testing and Assessment (IATA) principles for early nonclinical development [22,23]. 

Physicochemical and ADME Considerations Supporting Repurposing of DRDE Compounds 
Figure 1 Summarizes the comparative in silico dermal suitability profiles of DRDE compounds 

and reference agents. The graphical representation highlights qualitative differences in 
bioavailability classification, Lipophilicity, TPSA, drug-likeness and predicted skin permeability. The 
graphical abstract was generated by using Biorender (Available at: https://biorender.com Accessed: 
19 February 2026) to support hypothesis generation and conceptual clarity, reinforcing the feasibility-
focused nature of the study rather than implying pharmacodynamic superiority or efficacy.   

 
Figure 1. Comparative qualitative ADME and drug-likeness profiles of DRDE compounds and reference 
molecules relevant to skin disorders 
Comparative ADME profiling highlights marked physicochemical differences between DRDE 

compounds and reference molecules commonly associated with skin protection, inflammation 
control, and cytoprotection. Reference compounds such as amifostine [26] and polyamines viz. 
putrescine, spermidine, and spermine despite their well-established biological relevance in oxidative 
stress mitigation and cellular homeostasis, exhibit poor drug-likeness characteristics [39,40]. Their 
high polarity, very large topological polar surface area, and limited predicted skin permeability 
explain their dependence on indirect pathway modulation, endogenous transport systems, or 
formulation-assisted delivery rather than classical small-molecule drug behavior.   

Among the evaluated DRDE molecules, DRDE-07 demonstrates the most favorable balance of 
bioavailability, lipophilicity, and polarity, aligning more closely with physicochemical parameters 
typically associated with small-molecule therapeutics [39,41]. While predicted skin permeability 
remains low, this limitation is comparable to or less restrictive than that observed for reference 
compounds and may be addressed through formulation strategies rather than intrinsic chemical 
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modification [42]. Importantly, the relevance of DRDE-07 is not positioned against biological 
indispensability of polyamines or antioxidant agents, but rather as a drug-like surrogate capable of 
engaging overlapping inflammatory, oxidative stress, and autophagy-related pathways with 
improved translational feasibility [24,39]. This distinction supports the concept that pharmacological 
mimetics with optimized physicochemical space may achieve functional pathway modulation while 
overcoming the pharmacokinetic limitations of endogenous or highly polar protective molecules. 

Amifostine (WR-2721) is an FDA-approved cytoprotective and radioprotective agent that exerts 
its activity through its active metabolite WR-106537 [37]. This metabolite functions as a potent free-
radical scavenger, neutralizing reactive oxygen species (ROS) and protecting against DNA damage, 
thereby reducing oxidative stress-induced injury in skin and mucosa [26]. By modulating redox-
sensitive signaling pathways such as NF-κB and activating the cytoprotective transcription factor 
Nrf2 via interaction with Keap1, it attenuates inflammatory and oxidative pathways implicated in 
cutaneous injury and radiodermatitis [43]. Similarly, endogenous polyamines such as spermidine 
demonstrate anti-inflammatory and cytoprotective effects through induction of autophagy and 
modulation of NF-κB signaling [39]. These mechanisms are directly relevant to chronic inflammatory 
skin disorders, aging-related skin damage, and barrier dysfunctions associated with oxidative and 
inflammatory stress [44]. Pathological skin conditions are largely driven by dysregulation of the 
Keap1–Nrf2 axis governing oxidative stress responses, NF-κB signaling controlling inflammatory 
cascades, and EP300-dependent regulation of autophagy [45–47]. Targeting these molecular 
checkpoints therefore provides a plausible mechanistic basis for mitigating cellular damage and 
inflammation characteristic of acute and chronic skin injury [44]. 

Based on the pharmacological characteristics of established protective agents such as amifostine 
and spermidine, several DRDE analogs display comparable mechanistic features suggesting potential 
suitability for repurposing in dermatological therapy. These analogs are predicted to interact with 
the Keap1–Nrf2 signaling pathway and may enhance endogenous antioxidant defense systems, 
including enzymes such as superoxide dismutase (SOD) and glutathione peroxidase, which are 
known to protect against ROS-mediated skin damage. 

Furthermore, DRDE compounds have demonstrated broad cytoprotective and anti-injury effects 
in experimental toxicant exposure models, which may secondarily attenuate inflammatory signaling 
associated with tissue damage [18]. Rather than acting as direct cytokine inhibitors, these effects likely 
arise from upstream mitigation of oxidative and cellular stress. Through preservation of cellular 
integrity and damage-response pathways mechanistically analogous to polyamine mediated 
cytoprotection DRDE analogs represent a plausible therapeutic strategy for supporting skin barrier 
restoration and reducing oxidative injury in cutaneous pathology. 

Feasibility of Repurposing DRDE-07 for Skin Disorders 
From a repurposing perspective, feasibility is determined not solely by biological activity but by 

the convergence of physicochemical suitability, pathway relevance, and translational potential [19],  
[41]. DRDE-07 satisfies these criteria at a prima facie level by demonstrating favorable bioavailability, 
acceptable drug-likeness, and balanced lipophilicity relative to reference compounds utilized for skin 
protection through indirect cytoprotective mechanisms. 

The therapeutic relevance of targeting inflammation, oxidative stress, and autophagy in skin 
disorders is well established [44–46]. Reference molecules such as amifostine and polyamines exert 
beneficial effects predominantly through modulation of cellular stress-response pathways rather than 
high-affinity interaction with a single molecular target [39]. DRDE-07, by exhibiting improved drug-
like properties while retaining compatibility with these biological axes, therefore represents a 
plausible repurposing candidate warranting further experimental exploration. 

Conclusion 

This review highlights the emerging potential of DRDE compounds, particularly DRDE-07, as 
candidates for repurposing in the management of inflammatory and oxidative stress–related skin 
disorders. Comparative ADME profiling underscores a distinct physicochemical advantage of 
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DRDE-07 over established reference molecules such as amifostine and polyamines, which, despite 
proven biological relevance, exhibit limited drug-like characteristics. 

By integrating pathway relevance with drug-likeness considerations, the present analysis 
supports the conceptual feasibility of repositioning DRDE-07 as a small-molecule modulator of key 
skin disease mechanisms, including inflammation, oxidative stress, and autophagy. Future in vitro, 
formulation-based, and in vivo investigations will be required to substantiate these observations and 
translate them into therapeutic strategies. 

 

Figure 2. Key molecular pathways implicated in inflammatory and oxidative stress–related skin disorders and 
their modulation by reference compounds and proposed DRDE candidates. 
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Figure 3. Bioavailability Radar and Predicted Pharmacokinetic Profiles of DRDE Compounds Compared with 
Reference Agents Comparative qualitative ADME profiling of DRDE compounds and reference molecules 
highlighting bioavailability, lipophilicity, polarity, and drug-likeness attributes relevant to skin disease 
repurposing. 
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Table 1. Chemical Structures and Molecular Formulas of DRDE Compounds and Reference Agents. 

Name of Molecule Structure Formula 

DRDE-07 

 

C10H16N2S 

DRDE-10 

 

C11H18N2S 

DRDE-30 

 

C7H18N2S 

DRDE-09 
 

C12H20N2S 

DRDE-21 
 

C10H22N2S 

DRDE-35 
 

C8H20N2S 

Putrescine 
 

C4H12N2 

Spermidine 

 

C7H19N3 

Spermine 
 

C10H26N4 

Amifostine 
 

C5H15N2O3PS 

Ascorbic acid 

 

C6H8O6 

 
Table 2. Comparative Physicochemical Properties, Pharmacokinetic Predictions, and Drug-Likeness 
Profiles of DRDE Compounds and Reference Molecules 
 

Paramet
er 

Name of Compound 
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DRD
E-07 

DRDE
-10 

DRD
E-30 

DRDE
-09 

DRD
E-21 

DRD
E-35 

Putres
cine 

Sperm
idine 

Sper
mine 

Amifo
stine 

Asco
rbic 
acid 

 Physicochemical Properties 

Molecul
ar 
Weight 

196.3
1 
g/mo
l 

210.34 
g/mol 

162.3
0 
g/mo
l 

224.37 
g/mol 

202.3
6 
g/mo
l 

176.3
2 
g/mo
l 

88.15 
g/mol 

145.25 
g/mol 

202.3
4 
g/mol 

214.22 
g/mol 

176.1
2 
g/mo
l 

TPSA 
63.35 
Å [2] 

63.35 
Å [2] 

63.35 
Å [2] 

63.35 
Å [2] 

63.35 
Å [2] 

63.35 
Å [2] 

52.04 
Å [2] 

64.07 Å 
[2] 

76.10 
Å [2] 

130.69 
Å [2] 

104.0
6 Å 
[2] 

 Lipophilicity 

Consens
us Log 
Po/w 

1.64 2.00 1.06 2.31 1.79 1.40 -0.10 0.12 0.33 -1.40 -1.73 

 Water Solubility 

Class 
Solu
ble 

Moder
ately 
Solubl
e 

Solu
ble 

Moder
ately 
Solubl
e 

Solu
ble 

Solu
ble 

Solubl
e 

Solubl
e 

Solub
le 

Solubl
e 

Solu
ble 

 Pharmacokinetics 

GI 
absorpti
on 

High High High High High High High High High High High 

Log Kp 

(Skin 
permeat
ion) 

-6.74 
cm/s 

-6.57 
Cm/s 

-7.01 
Cm/s 

-6.40 
Cm/s 

-6.60 
Cm/s 

-6.84 
Cm/s 

-7.33 
Cm/s 

-7.90 
Cm/s 

-8.31 
Cm/s 

-10.77 
Cm/s 

-8.46 
Cm/s 

 Drug likeness 

Lipinski 

Yes; 
0 
Viola
tion 

Yes; 0 
Violati
on 

Yes; 
0 
Viola
tion 

Yes; 0 
Violati
on 

Yes; 
0 
Viola
tion 

Yes; 
0 
Viola
tion 

Yes; 0 
Violat
ion 

Yes; 0 
Violati
on 

Yes; 0 
Violat
ion 

Yes; 0 
Violati
on 

Yes; 
0 
Viola
tion 

Bioavali
ability 
Score 

0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 

Data Sharing not Applicable:  – no new data generated 

Declaration on the Use of Generative AI: The authors confirm that they have read and agree to comply with 
the Taylor & Francis AI Policy. In accordance with this policy, Generative AI tools were used solely for language 
editing and improvement of clarity. Specifically, ChatGPT (OpenAI, version 5.2) and Perplexity Pro were used 
to enhance grammatical accuracy, improve sentence structure, and refine overall readability of the manuscript. 
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