
                               Trop J Nat Prod Res, March 2026; 10(3): 7959 - 7963                 ISSN 2616-0684 (Print) 

                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

7959 

 © 2026 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

Tropical Journal of Natural Product Research 
 

Available online at https://www.tjnpr.org 

Original Research Article 
 

Anti-Inflammatory Effects of Quercetin in a Diabetic Rat Model of Acute 

Inflammation 
 

Nordiana A. Majid1, Ng C. Theng2, Fong L. Yen3, Yong Y. Keong3, Mohd Sofian O. Fauzee4, Muhammad N. Hakim1,5* and 

Zuraini Ahmad1 
 

1Department of Biomedical Sciences, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia, Serdang, Selangor, Malaysia 
2Department of Physiology, Asian Institute of Medicine, Science and Technology, Kedah, Malaysia. 
3Department of Human Anatomy, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia, Serdang, Selangor, Malaysia. 
4INTI International University, Nilai, Negeri Sembilan, Malaysia 
5Halal Product Institute, Universiti Putra Malaysia, Serdang, Malaysia. 

Introduction  

Diabetes mellitus (DM) is a chronic metabolic disorder 

characterized by elevated blood glucose levels resulting from impaired 

insulin secretion, insulin action, or both. It is recognized as one of the 

most prevalent diseases worldwide and poses a significant health 

burden, with increasing incidence globally and particularly in 

Malaysia.1,2 DM is a non-communicable disease that is not 

transmissible between individuals. The etiology of diabetes involves 

multiple factors, including genetic predisposition, obesity, physical 

inactivity, and infections. The disease is primarily classified into two 

main types: Type 1 and Type 2 diabetes. A hallmark of diabetes is the 

presence of chronic low-grade inflammation, which contributes to 

various complications, including delayed wound healing- a major 

concern among diabetic patients.3 
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Inflammation is a physiological response initiated by the body in 

response to injury or infection, characterized by clinical signs such as 

redness, heat, swelling, pain, and loss of function. It serves as a 

protective mechanism, involving processes like vasodilation, increased 

vascular permeability, and leukocyte recruitment.4 There are two 

primary forms of inflammation: acute and chronic. Acute inflammation 

is a rapid and short-term response essential for host defense and tissue 

repair, involving the release of various inflammatory mediators. 

Chronic inflammation persists over a longer duration and can lead to 

tissue damage and various pathologies.5,6 Although inflammation plays 

a vital role in immune defense and tissue healing, excessive or 

prolonged inflammatory responses can result in discomfort and disease. 

Commonly used anti-inflammatory agents include Non-Steroidal Anti-

Inflammatory Drugs (NSAIDs) such as indomethacin, aspirin, and 

phenylbutazone, which are readily available over the counter or via 

prescription. However, long-term use of NSAIDs is associated with 

adverse effects such as gastrointestinal ulcers and bleeding.7 

Flavonoids are a diverse group of polyphenolic compounds found 

abundantly in various plants, including onions, berries, apples, green 

tea, and olive oil. These phytochemicals can be classified into several 

subclasses, among which quercetin is a prominent flavonoid with well-

documented health benefits.8 Quercetin can be obtained naturally 

through diet or supplemented as a nutritional supplement. It exhibits 

multiple pharmacological properties, notably antioxidant and anti-

inflammatory activities, which contribute to its therapeutic potential.9 

Previous studies have demonstrated that flavonoids, including 
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Diabetes mellitus is a metabolic disorder characterized by elevated blood glucose levels, often 

associated with delayed wound healing and heightened inflammatory responses. Quercetin, a 

flavonoid found in various fruits, vegetables, and grains, possesses notable anti-inflammatory 

properties. This study evaluated the anti-inflammatory effects of quercetin at doses of 25, 50, and 

100 mg/kg in a diabetic rat model with acute local inflammation.  Intraperitoneal injection of 

streptozotocin (60 mg/kg in sterile water) was used to induce diabetes. Diabetes was diagnosed 

when fasting blood glucose levels were more than 16 mmol/L 24 hours after injection. Two acute 

inflammation models: carrageenan-induced paw edema and peritoneal vascular permeability were 

employed. Parameters assessed included paw volume, vascular permeability (Evans Blue dye 

extravasation), nitric oxide (NO) levels, COX-2 activity, and prostaglandin concentrations. 

Carrageenan administration induced significant paw edema, peaking at 5 hours post-injection. 

Quercetin treatment at all tested doses significantly reduced paw edema, with the highest 

inhibition (67.59%) observed at 100 mg/kg. NO levels were markedly decreased in treatment 

groups, indicating reduced inflammatory mediators. Prostaglandin levels were elevated in diabetic 

rats with inflammation but were significantly suppressed by quercetin, especially at 100 mg/kg. 

Vascular permeability, assessed via Evans Blue extravasation, was also significantly reduced in 

quercetin-treated groups. No significant differences in COX-2 activity were observed among 

groups.  Quercetin exhibits potent anti-inflammatory effects in diabetic rats, demonstrated by 

reductions in paw edema, vascular permeability, nitric oxide production, and prostaglandin levels. 

These findings support quercetin's potential as a therapeutic agent for managing inflammation 

associated with diabetes. 
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quercetin, possess anti-inflammatory effects capable of modulating 

inflammatory pathways involved in various diseases. However, the 

specific effects of quercetin on inflammation associated with diabetic 

wound healing remain to be fully elucidated. Given the similarities 

between the inflammatory processes in diabetes and acute 

inflammation, exploring quercetin’s therapeutic potential in diabetic 

inflammation is warranted. Thus, this study evaluated the anti-

inflammatory effects of quercetin in a diabetic rat model. 

 

Materials and Methods  
 

Chemicals and Reagents 

Quercetin (Cayman Chemical, Ann Arbor, MI, USA) (Figure 1), 

normal saline (0.9%), carrageenan, Evans Blue Dye, indomethacin, 

streptozotocin, Griess’ reagent, sodium nitrate, COX Activity Assay Kit 

(Cayman Chemicals), PGE₂ELISA Kit (Cayman Chemicals), 

chloroform were purchased from Sigma-Aldrich (St. Louis, MO, USA) 

unless otherwise stated. 

 

 
Figure 1: Chemical structure of Quercetin  

 

 

Animals 

A total of 126 male Sprague Dawley rats (200–300 g) were housed in 

standard conditions (23±2°C, 12h light/dark cycle) with ad libitum 

access to food and water. After a 2-week acclimatization, rats were 

fasted for 18 hours prior to experiments. Ethical approval was obtained 

from the Animal Care and Use Committee, University Putra Malaysia 

(UPM/FPSK/PADS/BR-UUH/00455. 

 

Experimental Design 

Rats were divided into two models, each with seven groups (n=6 per 

group). Group allocations included normal controls, diabetic controls, 

and treatment groups receiving quercetin (25, 50, 100 mg/kg) or 

indomethacin (10 mg/kg). Treatments were administered orally 30 min 

before inflammatory induction. 

 

Induction of Diabetes 

Diabetes was induced via a single intraperitoneal injection of 

streptozotocin (60 mg/kg in sterile water). Fasting blood glucose levels 

>16 mmol/L, measured 24 hours post-injection, confirmed diabetic 

status. 

 

Carrageenan-Induced Paw Edema 

Rats received treatments 30 min prior to intraplantar injection of 0.1 ml 

of 10 mg/ml carrageenan in saline.10 Paw volume was measured hourly 

over 5 hours using using a digital plethysmometer (UGO Basile 7140). 

Edema inhibition was calculated as: 

 

%𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
(𝐶𝑡 − 𝐶0)𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − (𝐶𝑡 − 𝐶0)𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡

(𝐶𝑡 − 𝐶0)𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 

 

Peritoneal Vascular Permeability 

One hour post-treatment, rats received 10 mg/kg Evans Blue 

intravenously, followed by intraperitoneal injection of 0.3 ml of 1% 

carrageenan. After 3 hours, peritoneal exudates were collected, 

centrifuged, and Evans Blue concentration measured at 630 nm.11 

 

 

Nitrite Measurement 

Post-peritoneal lavage, nitrite levels were assessed using the Griess 

reaction. Supernatants (50 µl) were mixed with Griess reagent, 

incubated for 10 min, and absorbance read at 548 nm. 

 

COX Activity Assay 

COX activity was quantified using the Cayman COX Activity Assay 

Kit, following manufacturer instructions. Briefly, samples and 

standards were prepared in assay buffers with heme and inhibitors, then 

incubated with substrate at 25°C. Absorbance was measured at 590 nm. 

 

Prostaglandin E2 (PGE2) Measurement 

A commercial ELISA Kit (Cayman Chemicals) was used to measure 

PGE₂.  Exudates (50 µl) were incubated with specific antibodies and 

tracers, followed by washing and addition of Ellman’s reagent. 

Absorbance was read at 420 nm. 

Statistical analysis 

Data are presented as mean ± SEM. Group differences were analyzed 

by one-way ANOVA (Analysis of Variance) using GraphPad Prism 

(v10.1). When ANOVA was significant, Tukey’s HSD (Honestly 

Significant Difference) post hoc test was applied. A p value < 0.05 was 

considered significant. 

 

Results and Discussion 
 

The carrageenan-induced paw edema model is a widely accepted 

experimental approach for evaluating the anti-inflammatory potential of 

various compounds due to its reliable induction of localized 

inflammation without tissue injury.10,11 This model simulates the 

sequential release of inflammatory mediators, providing insight into the 

mechanisms underlying acute inflammation. In the early phase, 

histamine and serotonin are promptly released from mast cells, 

initiating vasodilation and vascular permeability changes.12 As the 

inflammatory response progresses, mediators such as prostaglandins 

and nitric oxide become predominant, contributing to sustained edema 

and increased vascular permeability, particularly evident at 

approximately the 5th hour post-injection.12,13 

In this study, following carrageenan injection (Table 1), the mean paw 

volumes in the inflammation, negative control, and positive control 

groups were 0.30 ± 0.02 mL, 0.01 ± 0.04 mL, and 0.21 ± 0.02 mL at the 

first hour, respectively. The treatment groups administered quercetin at 

doses of 25, 50, and 100 mg/kg exhibited paw volumes of 0.41 ± 0.04, 

0.43 ± 0.01, and 0.31 ± 0.05 mL, respectively, at the same time point. 

Gradually, paw volume increased in both the inflammation and negative 

control groups, reaching maximums at the fifth hour of 0.68 ± 0.04 mL 

and 0.71 ± 0.05 mL, respectively. In contrast, the diabetic control group, 

which did not receive carrageenan, showed no increase in paw volume 

throughout the experimental period, indicating that diabetes may impair 

or alter the inflammatory response. 

All quercetin-treated groups (25, 50, and 100 mg/kg) demonstrated 

significant reductions in paw volume compared with the negative 

control group at the fifth hour, with mean values of 0.31 ± 0.07, 0.32 ± 

0.07, and 0.05 ± 0.03 mL, respectively (p < 0.05). When compared to 

the diabetic control group at this time point, the 25 mg/kg and 50 mg/kg 

quercetin groups showed significant reductions in paw volume (p < 

0.05), whereas no significant differences were observed between the 

diabetic group and the positive control or the 100 mg/kg quercetin 

group. Notably, the positive control and the 100 mg/kg quercetin group 

showed significant reductions from earlier hours (first, second, and 

third), indicating early onset of anti-inflammatory activity (Table 1). 

Dose-dependent effects were evident, with the 100 mg/kg quercetin 

group showing significantly greater reductions at the third, fourth, and 

fifth hours compared with the 25 mg/kg and 50 mg/kg groups (p < 0.05). 

No significant difference was observed between the 25 mg/kg and 50 

mg/kg groups, suggesting a plateau in efficacy at these doses. 

The maximum paw volume in the positive control group was observed 

at the first hour (0.32 ± 0.07 mL). Similarly, the 50 mg/kg and 100 

mg/kg quercetin groups showed an initial increase in paw edema at the 

first hour, followed by a gradual decrease over time in all but the 50 

mg/kg group, where edema reduction began after the third hour.  
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Table 1:  Effect of quercetin on mean paw edema volume in carrageenan-induced paw edema 
 

Value are mean + SEM, n=6. Edema was determined by subtracting the volume of the negative control paws from that of the treated paw. Positive 

Control received Indomethacin 10mg/kg. 
a-c -mean with different superscript differ significantly (p<0.05) between groups. 

x-z - mean with different superscript differ significantly (p<0.05) in the same group 

 

 

The 25 mg/kg group achieved its maximum edema at the second hour 

(0.42 ± 0.08 mL), with subsequent decreases. The percentage inhibition 

of paw edema at the fifth hour, which was the point of greatest inter-

group difference was highest in the 100 mg/kg quercetin group 

(92.96%), followed by the positive control (81.69%), and was 56.34% 

and 54.93% for the 25 mg/kg and 50 mg/kg groups, respectively (Table 

2). 

Previous investigations in normal rats have reported maximum swelling 

at the 3rd hour, with subsequent decline.14 In contrast, diabetic rats 

exhibited a continued increase in paw volume throughout the 

observation period, indicating that diabetes may exacerbate 

inflammatory responses or impair resolution mechanisms. The effect of 

quercetin on vascular permeability was evaluated using Evans blue dye 

leakage into the peritoneal cavity.15 The dye leakage in the 

inflammation, diabetic, positive, and negative control groups was 20.48 

± 1.56, 11.73 ± 1.72, 24.87 ± 1.16, and 12.66 ± 4.18 µg/rat, respectively 

(Table 3). Treatment groups with quercetin at 25 mg/kg, 50 mg/kg, and 

100 mg/kg exhibited dye leakages of 11.63 ± 2.52, 10.94 ± 0.86, and 

9.81 ± 0.91 µg/rat, respectively. Compared to the inflammation and 

negative control groups, the highest dye leakage was in the negative 

group, while the lowest was in the 100 mg/kg quercetin group, with a 

significant reduction observed (p < 0.05). No significant differences in 

dye leakage were found between the diabetic group and the quercetin-

treated groups (p > 0.05), indicating that quercetin effectively stabilizes 

vascular endothelium, thereby reducing permeability. This supports the 

premise that quercetin stabilizes vascular endothelium, potentially by 

modulating mediator release.16 

 

Table 2: Percentage inhibition of paw volume at 5th hour of 

carrageenan injection at the hind paw of diabetic rats 
 

Group Percentage inhibition(%) 

Positive control 81.69 

25 mg/kg quercetin 56.34 

50 mg/kg quercetin 54.93 

100 mg/kg quercetin 92.96 

 

Assessment of cyclooxygenase (COX) activity in Table 4, revealed no 

significant differences among groups (p > 0.05), with the highest total 

COX activity observed in the negative control (10.92 ± 5.60) and 

inflammation control (10.04 ± 4.36) groups, and the lowest in the 100 

mg/kg quercetin group (2.09 ± 0.52), which was possibly due to 

variability and assay sensitivity.17,18 Despite the lack of significant 

difference, prostaglandin (PGE2) levels in Table 5, showed marked 

variation; the highest concentrations were in the negative control (193.5 

± 7.79 pg/mL) and inflammation control (156.9 ± 14.90 pg/mL) groups, 

while the lowest were in the positive control (85.72 ± 17.15 pg/mL) and 

the 100 mg/kg quercetin group (94.30 ± 12.55 pg/mL). The percentage 

inhibition of prostaglandin release was highest in the positive control 

(55.70%) and the 100 mg/kg quercetin group (51.57%), with significant 

decreases compared to the negative control (p < 0.05). The reductions 

across all quercetin doses suggest suppression of prostaglandin 

synthesis, aligning with observed decreases in paw edema.19,20 

Interestingly, the prostaglandin levels in diabetic rats were marginally 

higher than in normal counterparts, consistent with the pro-

inflammatory state associated with diabetes.21 The efficacy of quercetin 

in lowering prostaglandin levels, although slightly diminished in 

diabetic rats, indicates its potential to modulate inflammatory pathways 

compromised by diabetic pathology. 

Nitrite levels, indicative of nitric oxide (NO) production,22 shown in 

Table 6, were highest in the negative control and lowest in the positive 

control (indomethacin).23  

 

Table 3: Effect of quercetin on mean concentration of 

peritoneal dye leakages from Carrageenan-induced diabetic 

rats 

Value are mean + SEM, n=6 
a-b -mean with different superscript differ significantly at P<0.05 

between groups. 

 

Table 4: Effect of quercetin on mean total COX activity from 

Carrageenan-induced inflammation in diabetic rats 

Values are mean + SEM, n=6 

 

Groups 
Dose 

(mg/kg) 

Increase paw volume at time (H) 

0 1 2 3 4 5 

Inflammation 

Control 
- 0.00 0.30+0.02bx 0.40+0.02bx 0.50+0.02cx 0.53+0.03bx 0.68+0.04by 

Diabetic Control - 0.00 0.01+0.04ax 0.02+0.02ax 0.15+0.02ax 0.10+0.04ax 0.14+0.04ax 

Negative Control - 0.00 0.21+0.02ax 0.38+0.04ay 0.53+0.03by 0.65+0.03cz 0.71+0.03cz 

Positive Control 10 0.00 0.32+0.07ax 0.33+0.05ax 0.25+0.04ax 0.17+0.04ax 0.13+0.07ax 

Quercetin 

25 0.00 0.41+0.04ax 0.49+0.06ax 0.42+0.08bx 0.36+0.07bx 0.31+0.07bx 

50 0.00 0.43+0.01ax 0.44+0.09ax 0.44+0.10bx 0.35+0.08bx 0.32+0.07bx 

100 0.00 0.31+0.05ax 0.29+0.04ax 0.21+0.05ax 0.10+0.03ay 0.05+0.03ay 

Group Peritoneal Dye 

Leakage  

(µg/rat) 

Percentage 

inhibition (%) 

Inflammation control 20.48+1.56a - 

Diabetic control 11.73+1.72b - 

Negative control  24.87+1.16a - 

Positive 

control(indomethacin) 

12.66+4.18b 49.10 

25 mg/kg quercetin 11.63+2.52b 53.24 

50 mg/kg quercetin 10.94+0.86b 56.01 

100 mg/kg quercetin 9.81+0.91b 60.55 

Group Total COX 

activity 

Percentage 

inhibition(%) 

Inflammation control 10.04 + 4.36 - 

Diabetic control 7.35 + 3.05 - 

Negative control 10.92 + 5.60 - 

Positive control 

(indomethacin) 

3.43 + 1.30 68.59 

25 mg/kg quercetin 4.47 + 2.25 59.07 

50 mg/kg quercetin 2.92 + 0.84 73.26 

100 mg/kg quercetin 2.09 + 0.52 80.86 
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Table 5: Effect of quercetin on mean prostaglandin 

concentration from Carrageenan-induced inflammation in 

diabetic rats 
 

Group  PGE2 (pg/ml) Percentage 

inhibition (%) 

Inflammation control 156.9+14.90ab - 

Diabetic control 137.0+19.38b - 

Negative control  193.5+7.79a - 

Positive control 

(indomethacin) 

85.72+17.15b 55.70 

25 mg/kg quercetin 116.0+12.62b 40.0 

50 mg/kg quercetin 110.9+11.38b 42.69 

100 mg/kg quercetin 94.30+12.55b 51.27 

Values are mean + SEM, n=6 
a-b -mean with different superscript differ significantly at P<0.05 

between groups. 

 

This inhibitory effect was comparable to that of indomethacin, 

suggesting that quercetin effectively suppresses both eNOS and iNOS 

activity during inflammatory responses.24,25 All quercetin-treated 

groups exhibited significantly lower nitrite concentrations (p < 0.05), 

with inhibition approaching that of indomethacin at 100 mg/kg, 

demonstrating quercetin’s capacity to suppress NO production (Table 

6). The reduction was more pronounced in diabetic rats, implying an 

enhanced anti-inflammatory effect under diabetic conditions 

characterized by elevated NO levels. 26,27 

 

Table 6: Effect of quercetin on mean nitrite concentration 

from carrageenan-induced inflammation in diabetic rats 

 

Values are mean + SEM, n=6. 
a-b -comparison of means significantly different at P<0.05 between 

groups. 

 

In summary, quercetin exerts a multi-faceted anti-inflammatory effect 

in carrageenan-induced paw edema in diabetic rats. Its actions likely 

involve inhibition of key mediators such as prostaglandins and nitric 

oxide, stabilization of vascular endothelium, and reduction of edema 

and vascular permeability. The dose-dependent efficacy, particularly at 

100 mg/kg, which achieved nearly 93% inhibition of edema which was 

comparable to the positive control and this underscores its therapeutic 

potential. Importantly, the ability of quercetin to mitigate inflammation 

exacerbated by diabetic pathology highlights its promise as an anti-

inflammatory agent with enhanced efficacy in diabetic conditions. 

These findings support the potential application of quercetin in 

managing inflammatory conditions, especially those complicated by 

diabetes, where inflammatory responses are often amplified. Further 

studies exploring the molecular mechanisms and clinical relevance of 

quercetin are warranted to fully elucidate its therapeutic potential. 

 

Conclusion 
The methanol extracts of T. bangwensis leaf, T. globiferus, and P. 

incana flowers have larvicidal potential. Generally, after partitioning, 

their resulting fractions are more active than the methanol extracts. The 

n-hexane fraction of T. bangwensis, the ethyl acetate fraction of P. 

incana, and the aqueous fraction of T. globiferus demonstrated the 

highest activity. Efforts are ongoing to isolate the active compounds of 

these active fractions.  

 

Conflict of Interest 
The authors declare no conflict of interest.  

Authors’ Declaration 
The authors hereby declare that the work presented in this article is 

original and that any liability for claims relating to the content of this 

article will be borne by them. 

 

Acknowledgements 
The authors thank Universiti Putra Malaysia for funding this work by 

Research University Grant Scheme (RUGS) grant no. 9366100. 

References 

1. Patel D, Kumar R, Laloo D, Hemalatha S.  Diabetes mellitus: An 

overview on its pharmacological aspects and reported medicinal 

plants having antidiabetic activity. Asian Pac J. Trop Biomed. 

2012; 2(5), 411-420. DOI: 10.1016/S2221-1691(12)60067-7 

2. Alshadfan H, Mirghani H, Alrasheed T, Nurdin A, Abdullah 

MNH. Validation of the Arabic version of the oral hypoglycemic 

agent questionnaire version 2 (OHA-Q ver. 2) in Tabuk, Saudi 

Arabia: A pilot study.  Edelweiss App Sci Tech, Learning Gate. 

2025; 9(5), 1882-1892. DOI: 10.55214/25768484.v9i5.7331 

3. Młynarska E, Czarnik W, Dzieża N, Jędraszak W, Majchrowicz 

G, Prusinowski F, Stabrawa M, Rysz J, Franczyk B. Type 2 

Diabetes Mellitus: New Pathogenetic Mechanisms, Treatment 

and the Most Important Complications. Int J. Mol Sci. 2025; 

26(3):1094. DOI: 10.3390/ijms26031094 

4. Alhatim H, Alshadfan H, Omar Fauzee MS, Zakaria ZA,  Hakim 

MN.   Analyzing NSAIDS research trends: A six-year 

bibliometric study (2018-2023) on  directions, themes, and 

dimensions. Multidis Rev. 2026; 9(3): 2026130. 

https://doi.org/10.31893/multirev.2026130 

5. Hakim MN.  Life Without ADRs? (Adverse Drug Reactions). 

Book Publisher: Universiti Putra Malaysia. 2022. 1 - 145. ISBN: 

978-967298991-2 

6. Furman D, Campisi J, Verdin E, Carrera-Bastos P, Targ S, 

Franceschi C, Ferrucci L, Gilroy DW, Fasano A, Miller GW, 

Miller AH, Mantovani A, Weyand CM, Barzilai N, Goronzy JJ, 

Rando TA, Effros RB, Lucia A, Kleinstreuer N, Slavich GM. 

Chronic inflammation in the etiology of disease across the life 

span. Nat Med. 2019; 25(12):1822-1832. doi: 10.1038/s41591-

019-0675-0.  

7. Alshadfan H, Qais J, Omar Fauzee MS, Zakaria ZA, Yong YK, 

Hakim MN.Non-steroidal anti-inflammatory drug-induced 

gastric ulcers: A review on some current issues. Trop J. 

Pharmaceu Res. 2025; 24(6): 839-846. 

Doi:10.4314/tjpr.v24i6.11 

8. Ku YS, Ng MS, Cheng SS, Lo AWY, Xiao Z, Shin TS, Chung 

G, Lam HM. Understanding the Composition, Biosynthesis, 

Accumulation and Transport of Flavonoids in Crops for the 

Promotion of Crops as Healthy Sources of Flavonoids for Human 

Consumption. Nutrients. 2020; 12(6):1717. doi: 

10.3390/nu12061717. 

9. Aghababaei F, Hadidi M. Recent Advances in Potential Health 

Benefits of Quercetin. Pharmaceuticals (Basel). 

2023;16(7):1020. DOI: 10.3390/ph16071020 

10. Goh JZ, Tang SN, Zuraini A, Zakaria ZA, Kadir AA, Chiong HS, 

Fauzee MSO, Hakim MN. Enhanced Anti-Inflammatory Effects 

of Nanoencapsulated Diclofenac. Eur J. Inflam. 2013; 11(3):855-

861. https://doi.org/10.1177/1721727X130110032 

11. Jalil SNSA, Theng NG, Yen FL, Keong YY, Hakim MN, Ahmad 

Z. Assessment of the Anti-Inflammatory Activity of Cu(L-

Group Mean 

concentration of 

Nitrite (µmol)  

Percentage 

inhibition (%) 

Inflammation control 18.55+4.15b - 

Diabetic control 14.69+3.93b - 

Negative control  31.35+5.44a - 

Positive control-

indomethacin 

8.24+1.74b 73.72 

25 mg/kg quercetin 10.68+2.09b 65.93 

50 mg/kg quercetin 9.03+1.19b 71.20 

100 mg/kg quercetin 8.31+1.16b 73.46 



                               Trop J Nat Prod Res, March 2026; 10(3): 7959 - 7963                 ISSN 2616-0684 (Print) 

                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

7963 

 © 2026 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

Alanine)2 in Acute Inflammation Animal Models. Biomed 

Pharmacol J. 2026; 19(1). 

12. Zhang X, Retyunskiy V, Qiao S, Zhao Y, Tzeng CM. Alloferon-

1 ameliorates acute inflammatory responses in λ-carrageenan-

induced paw edema in mice. Sci Rep. 2022; 12, 16689. DOI: 

10.1038/s41598-022-20648-z 

13. Patil KR, Mahajan UB, Unger BS, Goyal SN, Belemkar S, Surana 

SJ, Ojha S, Patil CR. Animal Models of Inflammation for 

Screening of Anti-inflammatory Drugs: Implications for the 

Discovery and Development of Phytopharmaceuticals. Int J. Mol 

Sci. 2019; 20(18):4367. doi: 10.3390/ijms20184367. 

14. Fehrenbacher JC, Vasko MR, Duarte DB. Models of 

inflammation: Carrageenan- or complete Freund's Adjuvant 

(CFA)-induced edema and hypersensitivity in the rat. Curr Protoc 

Pharmacol. 2012 Mar;Chapter 5:Unit5.4. doi: 

10.1002/0471141755.ph0504s56. 

15. Soliman AM, Barreda DR. Acute Inflammation in Tissue 

Healing. International Journal of Molecular Sciences. 2023; 

24(1):641. doi: 10.3390/ijms24010641 

16. Fürst S, Zádori ZS, Zádor F, Király K, Balogh M, László SB, 

Hutka B, Mohammadzadeh A, Calabrese C, Galambos AR, et al. 

On the Role of Peripheral Sensory and Gut Mu Opioid Receptors: 

Peripheral Analgesia and Tolerance. Molecules. 2020; 

25(11):2473. https://doi.org/10.3390/molecules25112473 

17. Sethu S, Pushparaj PN, Melendez AJ. Phospholipase D1 

mediates TNFα-induced inflammation in a murine model of 

TNFα-induced peritonitis. PloS One. 2010; 5(5), e10506. doi: 

10.1371/journal.pone.0010506 

18. Hakim M, McCarthy EF. Heterotopic Mesenteric Ossification. 

American Journal of Roentgenology. 2001; 176(1). doi: 

10.2214/ajr.176.1.1760260. 

19. Coavoy-Sanchez SA, da Costa Marques LA, Costa SKP, 

Muscara MN. Role of Gasotransmitters in Inflammatory Edema. 

Antioxidants Redox Signaling. 2024;40(4-6):272-291. 

doi:10.1089/ars.2022.0089 

20. Chiong HS, Yong YK, Ahmad Z, Sulaiman MR, Zakaria ZA, 

Yuen KH. Cytoprotective and enhanced anti-inflammatory 

activities of liposomal piroxicam formulation in 

lipopolysaccharide-stimulated RAW 264.7 macrophages. Int J. 

Nanomed. 2013; 8,1245-55. doi: 10.2147/IJN.S42801. 

21. Morikawa K, Nonaka M, Narahara M, Torii I, Kawaguchi K, 

Yoshikawa T, Kumazawa Y, Morikawa S. Inhibitory effect of 

quercetin on carrageenan-induced inflammation in rats. Life Sci. 

2003;74(6):709-21. doi: 10.1016/j.lfs.2003.06.036. 

22. Harborne JB, Williams CA. Advances in flavonoid research since 

1992. Phytochemistry. 2000; 55(6), 481-504. doi: 

10.1016/s0031-9422(00)00235-1. 

23. Aggarwal D, Chaudhary M, Mandotra SK, Tuli HS, Chauhan R, 

Joshi NC, Kaur D, Dufossé L, Chauhan A. Anti-inflammatory 

potential of quercetin: From chemistry and mechanistic insight to 

nanoformulations. Cur Res Pharmacol Drug Dis. 2025, 100217. 

doi: 10.1016/j.crphar.2025.100217.  

24. Zakaria ZA,  Somchit MN,  Zaiton H,  Mat Jais AM,  Sulaiman 

MR,  Farah WO,   Nazaratulmawarina R,   Fatimah CA. The in 

vitro Antibacterial Activity of Corchorus olitorius Extracts. Int J. 

Pharmacol. 2006; 2(2): 213–215. 

https://doi.org/10.3923/ijp.2006.213.215 

25. Yoong WT, Choong SS, Fauzee Omar MS, Ahmad Z, Hakim 

MN. Luteolin Suppresses Endothelial Permeability and Nitric 

Oxide Scavenging Effects. Indon Biomed J. 2024; 16 (5): 427-

33. Doi: 10.18585/inabj.v16i5.3198 

26. Brizzolari A, Dei Cas M, Cialoni D, Marroni A, Morano C, 

Samaja M, Paroni R, Rubino FM. High-Throughput Griess Assay 

of Nitrite and Nitrate in Plasma and Red Blood Cells for Human 

Physiology Studies under Extreme Conditions. Molecules. 2021; 

26(15):4569. https://doi.org/10.3390/molecules26154569. 

27. Septembre-Malaterre A, Boumendjel A, Seteyen AS, Boina C, 

Gasque P, Guiraud P, Sélambarom J. Focus on the high 

therapeutic potentials of quercetin and its derivatives. Phytomed 

Plus. 2022; 2(1):100220. doi: 10.1016/j.phyplu.2022.100220. 

 

 


