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Abstract: Inflammation is a protective tissue response that can progress to damaging pathology when 

mediator release, oxidative stress and leukocyte infiltration remain uncontrolled. Curcuma longa and 

Boswellia serrata are two botanical sources widely discussed in anti-inflammatory research because 

their marker constituents, curcuminoids and boswellic acids, interact with mediator networks relevant 

to acute and chronic inflammatory processes. However, poor aqueous solubility, lipophilicity, limited 

bioavailability and extract variability restrict direct translation of many herbal preparations. 

Nanotechnology, particularly chitosan-sodium tripolyphosphate nanoparticle systems, offers a 

promising formulation strategy for improving dispersion, protection, controlled release and 

reproducibility. This review summarizes the biological basis of inflammation, the pharmacological 

relevance of Curcuma longa and Boswellia serrata, the rationale for chitosan nanoparticles, Quality by 

Design concepts, characterization requirements and preclinical evaluation using carrageenan-induced 

paw edema. The review emphasizes cautious interpretation, standardized marker analysis and combined 

use of paw-volume, biochemical and histopathological endpoints. Keywords: inflammation; Curcuma 

longa; Boswellia serrata; curcumin; boswellic acids; chitosan; nanoparticles; QbD; carrageenan paw 

edema. 
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I. INTRODUCTION 

Inflammation is a coordinated response intended to eliminate harmful stimuli and initiate repair. It involves vascular 

leakage, cellular recruitment and mediator generation. When this response is excessive or prolonged, tissue injury, pain, 

edema and chronic disease progression may occur [1,2]. 

Plant-based anti-inflammatory research has gained attention because botanical materials contain chemically diverse 

constituents capable of influencing multiple mediator pathways. However, herbal extracts also create scientific challenges 

because phytochemical content, extraction conditions and formulation properties can strongly affect reproducibility [4,5]. 
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II. CURCUMA LONGA IN ANTI-INFLAMMATORY RESEARCH 

Curcuma longa contains curcuminoids, especially curcumin, which are frequently discussed in relation to NF-kB-linked 

mediator regulation, oxidative stress modulation and inhibition of inflammatory enzyme expression. Despite broad 

pharmacological interest, curcumin has poor aqueous solubility and limited oral availability, which justify formulation 

improvement [6,7,12,13]. 

Nanoparticle-based curcumin systems have been reported to improve dispersion and anti-inflammatory performance in 

experimental models. Such findings support the rationale for including curcumin-rich extract in a chitosan-based delivery 

system rather than relying only on plain extract administration [6,7]. 

 

III. BOSWELLIA SERRATA AND BOSWELLIC ACIDS 

Boswellia serrata oleo-gum-resin contains pentacyclic triterpenoid acids. Boswellic acids, including AKBA, are linked 

with leukotriene-related inflammatory pathways and other mediator networks. The plant is therefore relevant when the 

goal is complementary anti-inflammatory modulation [8-11]. 

Like curcumin, boswellic acids are lipophilic and may show limited bioavailability. A nanoparticle formulation can be 

justified when it is designed to improve dispersion, marker loading and release behaviour while maintaining quality 

control [10,11]. 

 

IV. NEED FOR NANOPARTICLE-BASED HERBAL DELIVERY 

Conventional herbal preparations may show inconsistent performance because extract composition and solubility differ 

between batches. Nanoparticles can improve distribution of poorly soluble constituents, protect labile markers, modify 

release and increase interaction with biological surfaces [14-18]. 

Chitosan is especially suitable for ionic gelation because its cationic amino groups interact with anionic TPP. The 

resulting system can be optimized by controlling polymer concentration, TPP concentration, pH, addition rate, extract 

load and mixing conditions [14-18]. 

 

V. QUALITY BY DESIGN IN HERBAL NANOPARTICLES 

Quality by Design connects the target product profile with critical quality attributes, critical material attributes, critical 

process parameters and control strategy. For herbal nanoparticles, QbD is important because botanical extract 

composition and process variables can simultaneously affect particle formation and drug release [4,5]. 

Critical quality attributes for the Curcuma longa-Boswellia serrata system include particle size, PDI, zeta potential, 

entrapment efficiency, marker content, morphology, in vitro release and stability. These attributes should be evaluated 

before animal testing so that pharmacological results can be interpreted with confidence. 

 

VI. CARRAGEENAN-INDUCED PAW EDEMA AS A PRECLINICAL MODEL 

Carrageenan-induced paw edema is a standard acute inflammation model that produces measurable edema through early 

vascular mediators and late prostaglandin-, cytokine- and neutrophil-related mechanisms. It is useful for comparing test 

formulations with plain extract and standard anti-inflammatory drugs [23,24,44-48]. 

Paw volume alone is not sufficient for mechanistic interpretation. Cytokines, prostaglandin-related markers, 

myeloperoxidase, oxidative stress markers and histopathology improve the reliability of the conclusion. 

 

VII. SAFETY AND LIMITATIONS 

Although plant-based formulations are often perceived as safe, nanosystems and concentrated extracts require careful 

dose selection, acute observation and toxicity assessment. Chitosan-based systems should be evaluated for physical 

stability and biological tolerability before extended use. 
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The carrageenan model reflects acute inflammation and cannot independently prove clinical efficacy in chronic 

inflammatory disorders. Further work should include chronic models, pharmacokinetic evaluation, long-term toxicity 

and regulatory-quality stability studies. 

Table 1. Integrated review summary 

Review domain Key point Relevance to formulation 

development 

Inflammation biology Vascular leakage, cytokines, prostaglandins and 

oxidative stress are interconnected 

Multiple endpoints are required 

Curcuma longa Curcuminoids are relevant but poorly soluble Nanoparticle delivery is justified 

Boswellia serrata Boswellic acids complement curcumin-related 

pathways 

Combination may broaden anti-

inflammatory coverage 

Chitosan-TPP system Ionic gelation enables mild nanoparticle 

preparation 

Process variables require 

optimization 

QbD approach CQAs and CPPs improve reproducibility Supports meaningful animal study 

interpretation 

Carrageenan model Provides measurable acute edema response Appropriate for early anti-

inflammatory screening 

 

VIII. CONCLUSION 

Curcuma longa and Boswellia serrata represent a rational anti-inflammatory herbal combination because their marker 

constituents may influence complementary mediator pathways. Chitosan-TPP nanoparticles provide a scientifically 

justified platform to improve formulation quality and preclinical evaluation. Future work should prioritize marker 

standardization, validated characterization, controlled animal studies and transparent reporting of both positive and 

negative findings. 

 

REFERENCES 

1. Medzhitov R. Origin and physiological roles of inflammation. Nature. 2008;454(7203):428-435. 

2. Nathan C. Points of control in inflammation. Nature. 2002;420(6917):846-852. 

3. Bindu S, Mazumder S, Bandyopadhyay U. Non-steroidal anti-inflammatory drugs and organ damage: a current 

perspective. Biochem Pharmacol. 2020;180:114147. 

4. Dewi MK, Chaerunisaa AY, Muhaimin M, Joni IM. Improved activity of herbal medicines through 

nanotechnology. Nanomaterials. 2022;12(22):4073. 

5. Sanjai C, Gaonkar SL, Hakkimane SS. Harnessing nature's toolbox: naturally derived bioactive compounds in 

nanotechnology enhanced formulations. ACS Omega. 2024;9(43):43302-43318. 

6. Marwa A, Iskandarsyah, Jufri M. Nanoemulsion curcumin injection showed significant anti-inflammatory 

activities on carrageenan-induced paw edema in Sprague-Dawley rats. Heliyon. 2023;9(4):e15457. 

7. Rachmawati H, Budiputra DK, Mauludin R. TPGS-stabilized curcumin nanoparticles exhibit superior effect on 

carrageenan-induced inflammation in Wistar rat. Pharmaceutics. 2016;8(3):24. 

8. Bertocchi M, Isani G, Medici F, Andreani G, Tubon Usca I, Roncada P, et al. Anti-inflammatory activity of 

Boswellia serrata extracts: an in vitro study on porcine aortic endothelial cells. Oxid Med Cell Longev. 

2018;2018:2504305. 

9. Haroyan A, Mukuchyan V, Mkrtchyan N, Minasyan N, Gasparyan S, Sargsyan A, et al. Efficacy and safety of 

curcumin and its combination with boswellic acid in osteoarthritis: a randomized double-blind placebo-

controlled study. BMC Complement Altern Med. 2018;18:7. 

10. Siddiqui MZ. Boswellia serrata, a potential antiinflammatory agent: an overview. Indian J Pharm Sci. 

2011;73(3):255-261. 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 3, July 2026 

Copyright to IJARSCT DOI: 10.48175/IJARSCT-37816    157 

www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
11. Bairwa K, Jachak SM. Nanoparticle formulation of 11-keto-beta-boswellic acid: anti-inflammatory activity and 

bioavailability assessment. Pharm Biol. 2016;54(12):2909-2916. 

12. Soliman WE, Khan S, Rizvi SMD, Moin A, Elsewedy HS, Abulila AS, et al. Therapeutic applications of 

curcumin nanoformulations. AAPS PharmSciTech. 2021;22:1-17. 

13. Hettiarachchi SS, Dunuweera SP, Dunuweera AN, Rajapakse RMG. Synthesis of curcumin nanoparticles from 

raw turmeric rhizome. ACS Omega. 2021;6(12):8246-8252. 

14. Patra JK, Das G, Fraceto LF, Campos EVR, Rodriguez-Torres MP, Acosta-Torres LS, et al. Nano based drug 

delivery systems: recent developments and future prospects. J Nanobiotechnology. 2018;16:71. 

15. Barkat MA, Beg S, Pottoo FH, Ahmad FJ. Nanoparticulate drug delivery systems for herbal drugs. Curr Drug 

Metab. 2020;21(7):554-572. 

16. Yadav R, Dhyani A, Kaur N, Bhatt S, Singh A. Herbal based nanoparticles as a possible and potential therapeutic 

approach. Phytomed Plus. 2025;5:100722. 

17. Karnwal A, Kumar V, Singh R, Hasan M. Nanotechnology for healthcare: plant-derived nanoparticles and 

biomedical applications. Pharmaceutics. 2024;16:1450. 

18. Fang X, Liu Y, Liang H, Liu X. Plant-derived vesicle-like nanoparticles: a tool for therapeutic delivery and 

inflammation modulation. Int J Nanomedicine. 2024;19:5421-5438. 

19. Gomaa AA, Makboul RM, Al-Mokhtar MA, Nicola MA. Boswellic acids and Boswellia serrata extract as 

supportive treatment options in inflammation. Inflammopharmacology. 2021;29:1039-1052. 

20. Organisation for Economic Co-operation and Development. Test No. 423: Acute Oral Toxicity - Acute Toxic 

Class Method. Paris: OECD Publishing; 2002. 

21. Percie du Sert N, Hurst V, Ahluwalia A, Alam S, Avey MT, Baker M, et al. The ARRIVE guidelines 2.0: 

updated guidelines for reporting animal research. PLoS Biol. 2020;18(7):e3000410. 

22. Committee for Control and Supervision of Experiments on Animals. Acts, Rules and Guidelines. Government 

of India; updated 2026. 

23. Winter CA, Risley EA, Nuss GW. Carrageenin-induced edema in hind paw of the rat as an assay for anti-

inflammatory drugs. Proc Soc Exp Biol Med. 1962;111:544-547. 

24. Morris CJ. Carrageenan-induced paw edema in the rat and mouse. Methods Mol Biol. 2003;225:115-121. 

25. Kumar V, Abbas AK, Aster JC. Robbins and Cotran Pathologic Basis of Disease. 10th ed. Philadelphia: Elsevier; 

2021. 

26. Tabanelli R, Brogi S, Calderone V. Improving curcumin bioavailability: current strategies and future 

perspectives. Pharmaceutics. 2021;13:1715. 

27. Hegde M, Girisa S, BharathwajChetty B, Vishwa R, Kunnumakkara AB. Curcumin formulations for better 

bioavailability: what we learned from clinical trials thus far. ACS Omega. 2023;8:10713-10746. 

28. Bertoncini-Silva C, et al. Enhancing the bioavailability and bioactivity of curcumin through nanotechnology-

based formulations. Antioxidants. 2024;13:331. 

29. Peng C, et al. From bench to bedside, boswellic acids in anti-inflammatory research. Front Pharmacol. 

2025;16:article in press. 

30. Majeed M, et al. Boswellia serrata extract containing acetyl-11-keto-beta-boswellic acid reduces inflammation 

and oxidative stress. Front Physiol. 2021;12:735247. 

31. Lawrence T. The nuclear factor NF-kB pathway in inflammation. Cold Spring Harb Perspect Biol. 

2009;1:a001651. 

32. Dinarello CA. Proinflammatory cytokines. Chest. 2000;118(2):503-508. 

33. Nathan C, Ding A. Nonresolving inflammation. Cell. 2010;140(6):871-882. 

34. Serhan CN. Pro-resolving lipid mediators are leads for resolution physiology. Nature. 2014;510:92-101. 

35. Chen L, Deng H, Cui H, Fang J, Zuo Z, Deng J, et al. Inflammatory responses and inflammation-associated 

diseases in organs. Oncotarget. 2018;9(6):7204-7218. 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 3, July 2026 

Copyright to IJARSCT DOI: 10.48175/IJARSCT-37816    158 

www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
36. Furman D, Campisi J, Verdin E, Carrera-Bastos P, Targ S, Franceschi C, et al. Chronic inflammation in the 

etiology of disease across the lifespan. Nat Med. 2019;25:1822-1832. 

37. Schett G, Neurath MF. Resolution of chronic inflammatory disease: universal and tissue-specific concepts. Nat 

Commun. 2018;9:3261. 

38. Sugimoto MA, Sousa LP, Pinho V, Perretti M, Teixeira MM. Resolution of inflammation: what controls its 

onset? Front Immunol. 2016;7:160. 

39. Perretti M, Leroy X, Bland EJ, Montero-Melendez T. Resolution pharmacology: opportunities for therapeutic 

innovation. Br J Pharmacol. 2015;172:2039-2058. 

40. Ricciotti E, FitzGerald GA. Prostaglandins and inflammation. Arterioscler Thromb Vasc Biol. 2011;31:986-

1000. 

41. Samuelsson B. Role of basic science in the development of new medicines: leukotrienes and inflammation. 

Annu Rev Pharmacol Toxicol. 2012;52:1-10. 

 


