
 

International Journal for Multidisciplinary Research (IJFMR) 
 

E-ISSN: 2582-2160   ●   Website: www.ijfmr.com       ●   Email: editor@ijfmr.com 

 

IJFMR260166624 Volume 8, Issue 1, January-February 2026 1 

 

Regulatory Challenges For Novel Drug Delivery 

System 
 

Dayanand Dhaygude1, Rohan S. Kamble2, Karan Kadam3, Shubham 

Pujari4, Akash Shelake5, Adnan Siddiqui6 

 
1,2,3,4,5Final Year B. Pharm, Mahadevrao Wandre Institute of Technology, Turkewadi, Chandgad. 

6Department of Pharmaceutics, Mahadevrao Wandre Institute of Technology, Turkewadi, Chandgad. 

 

Abstract 

Novel  medicine delivery systems (NDDS) have  surfaced as a promising approach to overcome the 

limitations of conventional lozenge forms by  perfecting  medicine stability, bioavailability, targeted 

delivery, and  remedial  efficacity while minimizing systemic side  goods. Advances in nanotechnology, 

polymer  wisdom, and biomedical engineering have enabled the development of sophisticated delivery 

platforms  similar as nanoparticles, liposomes, micelles, implants, and  stimulants- responsive systems. 

Despite these advantages, the successful  restatement of NDDS from bench to bedside remains  grueling  

due to complex and evolving nonsupervisory conditions. 

This review critically examines the major nonsupervisory challenges associated with NDDS, including 

the absence of  devoted nonsupervisory guidelines,  nebulosity in product bracket, limitations of 

conventional preclinical safety and  toxin models, challenges in physicochemical characterization and 

standardization, manufacturing scale- up and Good Manufacturing Practice (GMP) compliance issues, and  

complications in clinical trial design and nonsupervisory  blessing pathways. also, ethical, legal, socio- 

profitable  enterprises, andpost-marketing surveillance conditions are  bandied as important factors  

impacting nonsupervisory decision-  timber. 

The review further highlights the need for NDDS-specific nonsupervisory  fabrics, global adjustment of 

nonsupervisory  norms, and relinquishment of  threat- grounded and adaptive nonsupervisory approaches. 

Strengthening collaboration between  inventors and nonsupervisory agencies  similar as the U.S. Food and 

Drug Administration and the European Medicines Agency is emphasized as a  crucial strategy to address 

being nonsupervisory gaps. Overall, this review underscores that  visionary nonsupervisory  invention and  

transnational cooperation are essential to  grease the safe, effective, and timely clinical  restatement of  

new  medicine delivery systems. 
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1. INTRODUCTION 

1. Absence of NDDS- Specific Regulatory Guidelines 

New  medicine delivery systems (NDDS), including nanoparticles, liposomes, micelles, implants, and  

encouragement- responsive carriers, present unique nonsupervisory challenges due to the lack of  devoted 

and harmonized nonsupervisory guidelines. utmost being regulations were firstly developed for 

conventional lozenge forms  similar as tablets, injections, and simple topical  phrasings.[1] 
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As a result, NDDS products are  frequently  estimated using traditional  fabrics that may not adequately 

address their complex structure, multifunctional  geste , or altered pharmacokinetic and biodistribution 

biographies. This nonsupervisory gap creates  query for  inventors regarding the type and extent of data  

needed for  blessing. The absence of NDDS-specific guidance leads to inconsistent nonsupervisory  

prospects during product development and review. Critical attributes  similar as  flyspeck size distribution,  

face charge, morphology,  medicine – carrier  relations, and in vivo fate are n't slightly defined across 

nonsupervisory agencies. In  numerous cases,  guarantors must calculate on case- by- case scientific advice 

or follow general nanotechnology guidance documents, which may not be completely applicable to all 

NDDS platforms. This lack of clarity  frequently results in detainments in nonsupervisory  cessions, 

increased development costs, and repeated requests for  fresh data.[2] 

Likewise, the  fleetly evolving nature of NDDS technologies outpaces the development of nonsupervisory  

programs. Innovative systems  similar as smart nanocarriers, targeted delivery platforms, and cold-blooded   

medicine – device products challenge conventional delineations of safety,  efficacity, and quality. To 

address these issues, nonsupervisory agencies are decreasingly encouraging early dialogue with  inventors 

and the relinquishment of  threat- grounded,  wisdom- driven nonsupervisory approaches. still, the 

establishment of clear, standardized, and encyclopedically harmonized NDDS-specific guidelines remains 

a critical unmet need to  insure effective  restatement of  new delivery systems from laboratory  exploration 

to clinical practice.[3] 

 

2. Regulatory Bracket Challenges( medicine, Device, or Combination Product) 

Nebulosity in Product Bracket: One of the most significant nonsupervisory challenges for  new  

medicine delivery systems is  nebulosity in product bracket. NDDS platforms  frequently integrate 

multiple functional  factors  similar as active pharmaceutical  constituents, polymers, nanoparticles, 

targeting ligands, and  occasionally medical  bias. This multifunctional nature makes it  delicate to  easily  

classify them as a  medicine, device, birth, or combination product. Regulatory bracket is  pivotal because 

it determines the applicable  blessing pathway, data conditions, and nonsupervisory authority responsible 

for review.[4] 

In  numerous cases, the bracket depends on the product’s primary mode of action, which is n't always 

straightforward for NDDS. For  illustration,  medicine- eluting implants, nanoparticle- grounded  

individual- remedial systems, and  encouragement- responsive carriers may  play both pharmacological 

and physical  goods. Differences in interpretation among nonsupervisory pundits can affect in inconsistent 

bracket  opinions, leading to  query during development and detainments in  request authorization.[1,2] 

Challenges with Combination Products: A large proportion of NDDS fall under the  order of 

combination products, comprising both  medicine and device  factors. These products are particularly 

challenging to regulate because they must misbehave with conditions from multiple nonsupervisory  

fabrics  contemporaneously.[5] 

Inventors are  frequently  needed to meet pharmaceutical quality  norms along with medical device 

regulations, including design controls,  threat  operation, and  mortal factor studies. The lack of harmonized 

guidelines for combination NDDS products increases the nonsupervisory burden on manufacturers. fresh 

challenges arise in defining  liabilities between  medicine and device nonsupervisory divisions within 

agencies. Differences in review timelines, attestation conditions, andpost-approval  scores further 

complicate the development process. As a result, nonsupervisory  blessing of combination NDDS  

frequently requires  expansive collaboration and early engagement with nonsupervisory authorities.[6] 
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Variability in Global Regulatory Interpretation: Regulatory bracket of NDDS varies significantly 

across global nonsupervisory agencies  similar as the U.S. FDA, European Medicines Agency, and  public 

authorities in arising  requests. A product classified as a  medicine in one region may be regulated as a 

device or combination product in another. This lack of  transnational adjustment creates challenges for 

global development strategies and  transnational clinical trials.[7] 

Similar variability  frequently necessitates region-specific development plans,  indistinguishable studies, 

and multiple nonsupervisory  cessions. For academic and small- scale artificial  inventors, this complexity 

can act as a major  hedge to commercialization. Greater global alignment in NDDS bracket principles and 

clearer guidance on  frame products would significantly ameliorate nonsupervisory  effectiveness and 

encourage  invention in advanced  medicine delivery technologies.[8] 

 

3. Preclinical Safety and Toxicity Assessment Limitations 

Inadequacy of Conventional Toxicity Testing Models: Traditional preclinical  toxin studies were 

primarily designed for small-  patch  medicines and are  frequently  inadequate to completely  estimate the 

safety profile of  new  medicine delivery systems. NDDS  similar as nanoparticles, liposomes, and 

polymeric carriers  parade unique physicochemical  parcels, including nanoscale size, high  face area, and  

face functionalization, which significantly  impact their  natural  relations. Conventional acute andsub-

chronic  toxin models may fail to capture these complex  relations, leading to deficient or  deceiving safety 

assessments.[9] 

Also, standard beast models may not directly  prognosticate the biodistribution, accumulation, or  

concurrence of NDDS in humans. Nanocarriers can interact with tube proteins, vulnerable cells, and  

natural  walls in ways that differ  mainly from conventional  medicines. As a result,  toxin  issues observed 

in preclinical studies may not  restate reliably to clinical settings,  adding  the  threat of  unanticipated 

adverse  goods during  mortal trials.[10] 

Limited Understanding of Long- Term and habitual toxin: Long- term safety evaluation remains a 

major nonsupervisory challenge for NDDS. numerous  new carriers are designed for prolonged rotation, 

sustained  medicine release, or repeated administration, raising  enterprises about  habitual  toxin and 

bioaccumulation. still, nonsupervisory guidance on the duration and design of long- term  toxin studies 

for NDDS is limited, and formalized protocols are lacking.[11] 

Patient accumulation of nanomaterials in organs  similar as the liver, spleen, lungs, or lymphatic system 

may lead to delayed  poisonous  goods that aren't detected in short- term studies. Also,  declination 

products of polymeric or inorganic carriers may  parade different  toxin biographies compared to the parent 

material. The absence of robust long- term safety data complicates nonsupervisory decision-  timber and  

frequently results in requests for extended or  fresh preclinical studies.[12] 

Immunotoxicity and seditious Responses: NDDS may unintentionally  spark vulnerable responses due 

to their size,  face charge, or  face chemistry. Activation of the complement system, macrophage uptake, 

and cytokine release are generally reported  enterprises with nanoparticle- grounded delivery systems. 

Despite their clinical applicability, immunotoxicity endpoints are n't  constantly included in standard 

preclinical testing  fabrics.[13] 

Regulatory agencies decreasingly fete  the  significance of assessing immunological safety;  still, validated 

models and biomarkers for NDDS-  convinced immunotoxicity remain limited. Differences between beast 

and  mortal vulnerable responses further complicate  threat assessment. As a result, immunotoxic goods 
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may only come apparent during after stages of clinical development orpost-marketing surveillance, posing 

significant nonsupervisory and patient safety challenges.[14] 

Challenges in Dose Selection and Exposure Assessment: Determining applicable cure  situations for 

NDDS in preclinical studies is complex due to their altered pharmacokinetics and biodistribution. Unlike 

conventional  medicines, NDDS may shownon-linear cure – exposure  connections, making it  delicate to  

decide safe starting boluses for  mortal trials. Parameters  similar as  flyspeck number,  face area, and 

carrier composition may be more applicable than traditional mass- grounded dosing.[15] 

Likewise, conventional bioanalytical  styles may not adequately distinguish between free  medicine,  

reprised  medicine, and carrier material in  natural samples. This limitation hampers accurate exposure 

assessment and safety interpretation. Regulatory authorities  frequently bear  fresh  logical  confirmation 

and  defense of cure- selection strategies,  adding  the complexity and duration of NDDS development 

programs.[16] 

 

4. Challenges in Physicochemical Characterization and Standardization 

Complexity of Physicochemical Properties: Novel  medicine delivery systems  parade complex and 

interdependent physicochemical characteristics  similar as  flyspeck size and size distribution,  face charge, 

morphology,  medicine  lading  effectiveness, and  face chemistry. These parameters play a critical  part 

in determining the in vivo  geste, stability, biodistribution, and  remedial performance of NDDS. Still, 

directly defining and controlling these  parcels is challenging due to themulti-component and nanoscale 

nature of advanced delivery systems.[17] 

Minor variations in  expression or processing conditions can lead to significant changes in 

physicochemical attributes, which may directly impact safety and  efficacity. Regulatory agencies bear 

comprehensive characterization data, but the absence of widely accepted  norms for NDDS complicates 

data interpretation and comparison across studies. This variability  frequently results in nonsupervisory  

query and  fresh data requests during product evaluation.[18] 

Limitations of Analytical ways: Current  logical  ways used for NDDS characterization,  similar as 

dynamic light scattering, electron microscopy, and zeta implicit analysis, each have  essential limitations. 

These  styles may  give inconsistent results depending on sample medication,  dimension conditions, and 

instrument settings. In  numerous cases, a single  fashion is  inadequate to completely characterize complex 

NDDS,  challenging the use of multiple  reciprocal  styles.[17,18] 

Also, distinguishing between free  medicine, carrier- bound  medicine, and  declination products remains 

analytically  grueling . The lack of validated and standardized  logical protocols reduces reproducibility 

and makes nonsupervisory assessment  delicate. As a result, nonsupervisory authorities  frequently bear  

system  confirmation data and  defense for  named characterization  ways,  adding  the burden on  

inventors.[16,15] 

Absence of Formalized Characterization Guidelines: Unlike conventional lozenge forms, NDDS 

warrant well- defined pharmacopeia  norms for physicochemical characterization. There's limited 

guidance on critical quality attributes specific to nanocarriers,  similar as  face functionalization  viscosity, 

ligand stability, and nanomaterial  chastity. This absence of standardized conditions leads to variability in 

data submission formats and content across nonsupervisory dossiers.[19] 

The lack of harmonized guidelines also complicates batch release testing and quality control strategies. 

Without clear acceptance criteria, it becomes  delicate to establish specifications that  insure  harmonious 
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product quality throughout development and commercialization. This gap poses a major challenge for 

nonsupervisory  blessing andpost-approval lifecycle  operation of NDDS.[20] 

Stability and In- Use Characterization Challenges: Stability assessment of NDDS is particularly 

complex due to their  perceptivity to environmental factors  similar as temperature, pH, ionic strength, and 

light. Changes in  storehouse conditions can lead to aggregation,  medicine leakage, or chemical  

declination of both the carrier and the  reprised  medicine. Conventional stability testing protocols may 

not adequately capture these changes, especially for long- term or in- use conditions.[21] 

Likewise, nonsupervisory agencies decreasingly emphasize the  significance of in- use characterization to  

insure product performance throughout its shelf life. still, standardized stability testing methodologies for 

NDDS are limited. inventors are  frequently  needed to design customized stability studies, which may 

lead to variability in nonsupervisory  prospects and dragged   blessing timelines.[22] 

 

CONCLUSION 

Novel Drug Delivery Systems( NDDS) represent a transformative advancement in pharmaceutical  

wisdom, offering  bettered  remedial  efficacity, targeted  medicine delivery, reduced systemic  toxin, and 

enhanced patient compliance. still, despite their significant clinical  pledge, the successful  restatement of 

NDDS from  exploration laboratories to clinical and  marketable use is  explosively  told  by 

nonsupervisory challenges. This review highlights that being nonsupervisory  fabrics, largely developed 

for conventional lozenge forms, are  frequently  shy to address the complex physicochemical  parcels, 

multifunctional nature, and dynamic in vivo  gest of NDDS. 

Major nonsupervisory hurdles include the absence of NDDS-specific guidelines,  nebulosity in product 

bracket, limitations of conventional preclinical safety models, challenges in physicochemical 

characterization and standardization, difficulties in manufacturing scale- up and GMP compliance, and  

complications in clinical trial design and  blessing pathways. In addition,post-marketing surveillance, 

ethical considerations, legal responsibility, and socio- profitable factors further complicate nonsupervisory 

decision-  timber. The lack of global adjustment across nonsupervisory agencies increases development 

costs, detainments  blessings, and restricts patient access to innovative  medicine delivery technologies. 

To overcome these challenges, a shift toward  wisdom- driven,  threat- grounded, and adaptive 

nonsupervisory approaches is essential. Beforehand nonsupervisory engagement, development of NDDS-

specific guidance documents, advancement of standardized characterization and safety assessment tools, 

and stronger global adjustment  sweats will ply a critical  part in streamlining  blessing processes. 

Collaboration among academia, assiduity, and nonsupervisory bodies  similar as the U.S. Food and Drug 

Administration and the European Medicines Agency is vital to ground being nonsupervisory gaps. Overall, 

addressing nonsupervisory challenges proactively and collaboratively will be  crucial to  unleashing the 

full  remedial  eventuality of  new  medicine delivery systems and  icing their safe, effective, and timely 

integration into clinical practice. 
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