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Abstract 

Purpose: To investigate the anti-inflammatory activity of orally administered Polypeptide-K (PPK) in 
streptozotocin (STZ)-induced diabetic Sprague–Dawley rats using the paw edema model.  
Methods: A total of 42 male rats were randomly assigned into 7 groups (n = 6 each). Group 1 was the 
inflammation group; group 2 was induced with diabetes; groups 3, 4, 5, 6, and 7 were induced with 
diabetes and treated with distilled water, indomethacin (10 mg/kg), and PPK at 50, 150, and 300 mg/kg, 
respectively. A plethysmometer was used to measure paw volume every hour for 5 h. Three hours after 
intraperitoneal carrageenan induction, peritoneal exudate was analyzed for Evans blue extravasation, 
nitrite (NO surrogate), total cyclooxygenase (COX) activity, and prostaglandin E2 (PGE2) levels.  
Results: In the paw edema model, PPK at 300 mg/kg significantly reduced edema at 5 h, achieving 78 
% inhibition compared to indomethacin (81 %). In the peritonitis model, 300 mg/kg PPK significantly 
reduced Evans blue leakage, nitrite, and PGE2 (p < 0.05), while COX activity showed no significant 
change.  
Conclusion: Polypeptide-K (PPK) significantly suppressed NO and PGE2-associated pathways, 
reducing acute inflammatory reactions in diabetic rats. 
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INTRODUCTION 
 

Diabetes mellitus contributes to delayed tissue 
repair and microvascular problems leading to 
persistent low-grade inflammation [1]. 
Inflammation in animal models is induced with 
carrageenan because it induces a well-
characterized, time-dependent edema and 
exudative response in acute inflammation 

models, which is mediated by 
histamine/serotonin in the early phase and 
prostanoids and nitric oxide (NO) in the later 
phase [2,3].  
 
Non-steroidal anti-inflammatory drugs (NSAIDs) 
such as indomethacin and diclofenac are used to 
treat inflammatory episodes. However, they 
exhibit negative effects on the kidneys and 
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gastrointestinal tract when used repeatedly [4]. 
As a result, there is ongoing interest in anti-
inflammatory drugs derived from plants acting 
through various metabolic pathways [5]. Bitter 
melon, or Momordica charantia, is a popular food 
and traditional medicine [6]. 
 
Contemporary reviews have demonstrated the 
presence of multiple bioactive compounds such 
as triterpenoids, polysaccharides, and 
proteins/peptides with hypoglycaemic and 
immunomodulatory activities [7]. An isolated 
bioactive protein from M. charantia seeds called 
polypeptide-K (PPK) has garnered interest due to 
its antimicrobial [8], anti-diabetic [9,10], and anti-
hyperlipidemic properties [11]. A retrospective 
clinical investigation has demonstrated the 
efficacy of PPK [12]. Polypeptide-K (PPK) in 
bread decreased glucose surge in healthy people 
[10]. 
 
Few studies have examined the direct anti-
inflammatory effects of PPK in standardized 
experimental models, despite its well-established 
advantages [13]. This study therefore 
investigated the anti-inflammatory activity of 
orally administered Polypeptide-K (PPK) in 
streptozotocin (STZ)-induced diabetic Sprague–
Dawley rats using the paw edema model, and 
explored mechanistic biomarkers (nitrite/NO, 
COX activity, and PGE2) relevant to the 
inflammatory cascade. 
 

EXPERIMENTAL 
 
Materials  
 
Chemicals and reagents. PPK (Magna Bio-
Laboratories, Malaysia) and indomethacin 
(Sigma Co. Ltd, Malaysia) were used as test and 
reference compounds. Streptozotocin (STZ), 
carrageenan, Evans blue dye, and assay kits for 
COX activity and PGE2 were obtained from 
Sigma Co. Ltd, Malaysia. 
 
Animals 
 
Male Sprague-Dawley rats weighing between 
200 and 300 g were kept in cages with six rats 
per cage. The animals were placed under 
standard conditions (23 ± 2 oC and 12 h light-
dark cycle), and allowed to acclimatize for two 
weeks with unrestricted access to food and 
water. Ethical approval was obtained from the 
Animal Care and Use Committee, Faculty of 
Medicine and Health Sciences, Universiti Putra 
Malaysia (IACUC; approval no: 
UPM/FPSK/PADS/BR-UUH/0038), and complied 
with the internationally accepted guide for the 
care and use of laboratory animals [14]. 

 
Induction of diabetes 
 
After an 18-h fast, diabetes was induced in 
groups 3 – 7 using freshly prepared single STZ 
injection (60 mg/kg, i.p.; Sigma Co. Ltd, 
Malaysia). Fasting blood glucose was measured 
after 24 h, and rats with glucose > 16 mmol/L 
were considered diabetic [15]. 
 
Groups and treatment 
 
For each model, rats were equally randomized 
into seven groups (n = 6). Group 1 was non-
diabetic and induced with carrageenan (Sigma 
Co. Ltd, Malaysia; non-diabetic + carrageenan), 
group 2 was STZ-induced and given distilled 
water, group 3 was induced with STZ (diabetic 
only, no carrageenan), groups 4 – 7 were 
induced with STZ, and treated with the vehicle 
(as control), indomethacin (10 mg/kg), and PPK 
(50, 150, or 300 mg/kg) respectively. Treatments 
were administered orally by gavage. Doses of 
PPK administered were based on previous 
studies [7,16,17] following induction of diabetes 
as established in previous study [18]. 
 
Evaluation of parameters/indices 
 
Paw volume 
 
The right hind paw received subcutaneous 
injection of carrageenan (0.1 mL of 1% w/v) 30 
min after treatment. Paw volume was recorded at 
baseline and every hour for 5 h using a 
plethysmometer. Edema was calculated as the 
change from baseline, and percentage inhibition 
at 5 h was calculated relative to the vehicle [19]. 
 
Peritoneal vascular permeability 
 
About 60 min after dosing, Evans blue (10 
mg/kg, i.v.) was administered followed by 
intraperitoneal carrageenan (0.3 mL of 1% w/v). 
After 3 h, the rats were euthanized and 
peritoneal cavities were lavaged with normal 
saline. Supernatants were used for Evans blue 
quantification at 630 nm and nitrite (Griess), COX 
activity, and PGE2 levels were measured 
following standard kit instructions [20,21]. 
 
Statistical analysis 
 
Data were analyzed using GraphPad Prism (var 
8.4.3; USA). Values were presented as mean ± 
standard error of the mean (SD; n = 6), and 
compared using analysis of variance (ANOVA) 
with Tukey post hoc test. P < 0.05 was 
considered statistically significant. 
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RESULTS 
 
Carrageenan-induced paw edema (time 
course and dose response) 
 
Polypeptide-K (PPK) at 300 mg/kg significantly 
reduced paw edema compared to negative 
control and other doses of PPK (p < 0.05) at 2 h 
and a more significant reduction at 5 h (p < 0.05; 
Table 1). 
 
Percent paw edema inhibition  
 
Indomethacin (10 mg/kg) produced strong anti-
edematous activity, with reduced paw swelling 
over time corresponding to 81 % inhibition 
compared to the vehicle. Furthermore, PPK 
reduced paw edema dose-dependently, with the 
strongest suppression observed at 300 mg/kg. At 
5 h, PPK 300 mg/kg reduced edema to 0.158 ± 
0.133 mL, corresponding to 78 % inhibition, 
closely comparable to indomethacin (Table 2). 
 
Carrageenan-induced peritoneal vascular 
permeability (Evans blue extravasation) 
 
Elevated Evans blue dye leakage in the negative 
control group indicated that carrageenan-induced 

peritonitis increased microvascular permeability 
(Evans blue extravasation), while indomethacin 
inhibited dye extravasation by 49.1 % (Table 3). 
 
Inflammatory mediators in peritoneal exudate 
 
COX activity 
 
Total COX activity in the peritoneal exudate did 
not differ significantly across groups (Table 4), 
although numerically lower mean values were 
observed for indomethacin and PPK 300 mg/kg 
compared with the vehicle. 
 
Levels of prostaglandin E2 (PGE2) 
 
Treatment with polypeptide-K significantly 
reduced levels of PGE2 in a dose-dependent 
manner comparable to indomethacin (p > 0.05; 
Table 5). 
 
Levels of Nitrite (NO surrogate)  
 
Treatment with polypeptide-K significantly 
reduced levels of NO in a dose-dependent 
manner comparable to indomethacin (p > 0.05; 
Table 6). 

 
Table 1: Change in paw edema volume (mL) following carrageenan administration 
 

Group 1 h 2 h 3 h 4 h 5 h 

Inflammation 0.301±0.020ax 0.393±0.023bx 0.500±0.024bx 0.530±0.031cx 0.680±0.041by 

Diabetic 0 0 0 0 0 

Negative control 0.208±0.020ax 0.385±0.040bx 0.530±0.028by 0.650±0.030cy 0.720±0.030bz 

Indomethacin 10 mg/kg 0.318±0.021ax 0.325±0.042bx 0.252±0.062ax 0.168±0.054ax 0.133±0.103ax 

PPK (50 mg/kg) 0.310±0.026ax 0.155±0.052ax 0.187±0.086ax 0.338±0.110abx 0.713±0.130bx 

PPK (150 mg/kg) 0.433±0.036ax 0.640±0.073cy 0.565±0.068bxy 0.445±0.130bcx 0.532±0.171bxy 

PPK (300 mg/kg) 0.442±0.027ax 0.212±0.054ax 0.332±0.080ax 0.368±0.087abx 0.158±0.133ax 

Values are presented as mean ± SEM (n = 6). Baseline (0 h) = 0 for all groups. abcP < 0.05 across dosing groups 
(column), xyzp < 0.05 across time intervals (rows) 
 
Table 2: Percentage of paw edema inhibition at 5 h compared to vehicle 

Group Inhibition (%) 

Positive control 81.0 
PPK 50 0.9 
PPK 150 26.0 
PPK 300 78.0 

 
Table 3: Evans blue dye leakage in carrageenan-induced peritoneal vascular permeability 
 

Group Dye leakage (µg/rat) Inhibition (%) 

Inflammation 20.48±1.56bc - 
Diabetes 11.73±1.72a - 
Indomethacin 10 mg/kg 12.66±4.18ab 49.10 
Negative control 24.87±1.30bc - 
PPK 50 mg/kg 21.51±1.90bc 13.51 
PPK 150 mg/kg 15.84±2.76b 36.30 
PPK 300 mg/kg 11.84±0.93a 52.39 

Values are presented as mean ± SEM (n = 6 in each group). Vehicle group = STZ-diabetic + distilled water, abP < 
0.05 across groups 
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Table 4: Total COX activity in peritoneal exudate after carrageenan challenge 
 

Group COX activity (U/mL) 

Inflammation 10.040±4.358 
Diabetes 7.352±3.051 
Indomethacin 10 mg/kg 3.432±1.303 
Negative control 10.920±5.595 
PPK 50 mg/kg 11.370±2.956 
PPK 150 mg/kg 9.629±6.123 
PPK 300 mg/kg 4.937±1.649 

Values are presented as mean ± SEM (n = 6 in each group). Vehicle group = STZ-diabetic + distilled water 
 
Table 5: PGE2 levels in peritoneal exudate after carrageenan challenge 
 

Group PGE2 (pg/mL) Inhibition (%) 

Inflammation 156.90±14.90bc  
Diabetes 137.00±19.38b  
Indomethacin 10 mg/kg 85.72±17.15a 55.70 
Negative control 193.50±7.79c  
PPK 50 mg/kg 149.10±24.51b 22.95 
PPK 150 mg/kg 145.90±20.34b 24.60 
PPK 300 mg/kg 88.49±22.74a 54.27 

Values are presented in mean ± SEM (n = 6 in each group), abcp < 0.05 across groups 

 
Table 6: Nitrite levels (NO surrogate) in peritoneal exudate after carrageenan challenge 
 

Group Nitrite (µmol/g) Inhibition (%) 

Inflammation 18.55±4.15b  
Diabetes 14.69±3.93ab  
Indomethacin 10 mg/kg 8.24±1.74a 73.71 
Negative control 31.35±5.44c  

PPK 50 mg/kg 13.46±1.93a 57.07 
PPK 150 mg/kg 13.18±1.45a 57.96 
PPK 300 mg/kg 10.56±0.98a 66.32 

Values are mean ± SEM (n = 6 in each group), abcp < 0.05 across groups 
 

DISCUSSION 
 
This study demonstrated that orally administered 
PPK modulated acute inflammatory responses in 
STZ-diabetic rats across two complementary 
carrageenan models, which include paw edema 
(tissue swelling) and peritoneal vascular 
permeability (microvascular leakage). Strongest 
effects were consistently observed at 300 mg/kg, 
where PPK produced near indomethacin-level 
inhibition of paw edema at 5 h and inhibition of 
Evans blue extravasation along with significant 
suppression of nitrite and PGE2. Carrageenan-
induced inflammation is widely described as 
biphasic, where early events are driven by 
vasoactive mediators and later events 
increasingly reflect leukocyte recruitment and 
inducible inflammatory pathways, including nitric 
oxide and prostanoid signaling [22-24]. 
 
In the paw edema model, the results showed 
significant suppression at 5 h, which is most 
likely the late inflammatory phase, where NO and 
prostaglandins play important roles in sustaining 
swelling and vascular alterations [23, 24]. This is 
further supported by lower levels of PGE2 and 
nitrite, consistent with molecular patterns 

documented in carrageenan inflammation 
research [25]. Furthermore, results showed 
convergent evidence that PPK-restricted 
inflammatory microvascular leakage was 
associated with decrease in Evans blue 
extravasation. 
 
Evans blue is frequently utilized as a marker of 
plasma protein extravasation in permeability 
models due to its high binding to serum albumin 
[26]. A useful technique for connecting vascular 
leakage with inflammatory mediator synthesis in 
exudates is to use carrageenan-induced 
peritonitis models that measure Evans blue 
exudation [27]. In this regard, a dose-related 
decrease in dye leakage by PPK, which is 
significant at 300 mg/kg, suggests a protective 
effect on microvascular permeability 
corresponding with PGE2 and NO suppression. 
Furthermore, significant PGE2 reductions with 
indomethacin and high-dose PPK, total COX 
activity showed no significant change between 
the two treated groups, which may be due to 
several reasons. One such reason is that 
inflammatory PGE2 generation in the acute 
model is always more closely linked to inducible 
COX-2 and terminal PGE synthase regulation 
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compared to total COX activity, and the assay 
measures total COX activity rather than COX-2-
specific activity. Also, levels of PGE2 modulate 
upstream signaling, substrate availability, and 
cellular inflow throughout time; a single sample 
time point may not reveal prevailing variations in 
peak enzyme activity. Furthermore, statistical 
power to identify differences may be diminished 
by variability in COX activity assessments, as 
indicated by comparatively large SEM values. 
Consequently, decreased PGE2 does not conflict 
with anti-inflammatory effect and is still 
biologically feasible when total COX activity is 
maintained [23,25]. 
 
Diabetes is linked to increased inflammatory 
signaling and poor inflammatory resolution, 
which exacerbates vascular dysfunction and 
delays recovery. Diabetic microvascular damage 
and associated complications have been linked 
to inflammatory processes [28,29]. While 
acknowledging that acute carrageenan models 
primarily establish anti-inflammatory signal and 
mechanism plausibility rather than long-term 
clinical benefit, this current study revealed the 
ability of PPK to limit microvascular leakage and 
reduce NO- and PGE2-associated inflammatory 
responses, suggesting potential value for 
inflammatory complications in diabetes. 
 

CONCLUSION 

 
Polypeptide-K (PPK) significantly suppresses NO 
and PGE2-associated pathways, reducing acute 
inflammatory reactions in diabetic rats. Future 
studies should incorporate COX-2 and iNOS 
expression (Western blot or 
immunohistochemistry), cytokines (TNF-α, IL-1β, 
IL-6), and oxidative stress markers to 
comprehensively investigate the effect of PPK on 
vascular signalling, inflammatory cell recruitment, 
inflammatory mediator induction, or several 
nodes in the acute inflammatory cascade. 
 

DECLARATIONS 

 

Acknowledgement/Funding 

 

We thank Universiti Putra Malaysia and INTI 

International University Malaysia for the support 

given. This work was funded by the Faculty of 

Medicine and Health Sciences UPM Final Year 

Project allocations. 

 

Ethical approval 

 

All procedures were approved by the Institutional 

Animal Care and Use Committee (IACUC) of the 

Faculty of Medicine and Health Sciences, 

Universiti Putra Malaysia (UPM/FPSK/PADS/BR-

UUH/0038). 

 

Availability of data and materials 

 

The corresponding author can provide the 

datasets used and/or analyzed in the current 

work upon reasonable request. 

 

Conflict of Interest 

 

No conflict of interest is associated with this 

study. 

 

Contribution of Authors 

 

The authors declare that this work was done by 

the authors named in this article and all liabilities 

pertaining to claims relating to the content of this 

article will be borne by the authors. 

 

REFERENCES 
 

1. Okonkwo UA, DiPietro LA. Diabetes and wound 

angiogenesis. Int J Mol Sci 2017; 18(7): 1419. 

https://doi.org/10.3390/ijms18071419  

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

Surana SJ, et al. 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. 

https://doi.org/10.3390/ijms20184367 

3. Zakaria ZA, Tavamani Balan T, Azemi AK, Omar MH, 

Mohtarrudin N, Ahmad Z, et al. Mechanism(s) of action 

underlying the gastroprotective effect of ethyl acetate 

fraction obtained from the crude methanolic leaves 

extract of Muntingia calabura. BMC Complement Altern 

Med 2016; 24: 16-78. https://doi.org/10.1186/s12906-

016-1041-0  

4. Goh JZ, Tang SN, Zuraini A, Zakaria ZA, Kadir AA, 

Chiong HS, et al. Enhanced anti-inflammatory effects of 

nanoencapsulated diclofenac. Eur J Inflamm 2013; 

11(3): 855-861. 

https://doi.org/10.1177/1721727X1301100328  

5. AlHatim H, Alshafdan H, Omar Fauzee MS, Zakaria ZA, 

Hakim MN. Analyzing NSAIDS research trends: A six-

year bibliometric study (2018-2023) on directions, 

themes, and dimensions. Multidiscip Rev 2026; 9: 

e2026130. https://doi.org/10.31893/multirev.2026130  

6. Bara VL, Budau R, Apahidean I, Bara MC, Iancu V, Jude 

TE et al. Momordica charantia L.: Functional health 

benefits and uses in the food industry. Plants 2025; 

14(17): 2642. https://doi.org/10.3390/plants14172642  

7. Abu Bakar N, Hakim Abdullah MN, Lim V, Yong YK. 

Gastroprotective effect of polypeptide-K isolated from 

Momordica charantia's seeds on multiple experimental 

gastric ulcer models in rats. Evid Based Complement 



Hamid et al 

Trop J Pharm Res, July 2026; 25(7): 978 

 

Alternat Med 2022; 2022: 6098929. 

https://doi.org/10.1155/2022/6098929  

8. Yong YS, Lee CL, Ahmad Z, Hakim MN. Improved blood 

glucose level associated with polypeptide-K 

(Diabegard®), a polypeptide isolated from the seeds of 

Momordica charantia supplementation: evaluation of 6 

cases. Int J Pharm Sci Rev Res 2014; 25(1): 147-150.  

9. Ahmad Z, Zamhuri KF, Yaacob A, Siong CH, Selvarajah 

M, Ismail A et al. In vitro anti-diabetic activities and 

chemical analysis of polypeptide-k and oil isolated from 

seeds of Momordica charantia (bitter gourd). Molecules 

2012; 17(8): 9631–9640. 

https://doi.org/10.3390/molecules17089631 

10. Lee CL, Yong YS, Ahmad Z, Yaacob A, Hakim MN. 

Effects of polypeptide-K supplemented soft bun on 

blood glucose level in healthy adults. Int J Nutr Metab 

2011; 3(1): 7-10. 

https://doi.org/10.5897/IJNAM.9000012 

11. Yong YS, Lee CL, Ahmad Z, Hakim MN. A report of six 

clinical cases of lowered blood cholesterol profile 

associated with supplementation with polypeptide K 

(Diabegard®), a polypeptide isolated from the seeds of 

Momordica charantia Linn. Trop J Pharm Res 2014; 

13(9): 1555-1560. http://dx.doi.org/10.4314/tjpr.v13i9.25  

12. Yong YS, Lee CL, Pak HW, Ahmad Z, Hakim MN. Anti-

diabetic activity of polypeptide-K isolated from 

Momordica charantia: a retrospective study of 142 

cases. Biomed Pharmacol J 2021; 14(4): 2007-2015. 

https://dx.doi.org/10.13005/bpj/2298  

13. Kanna P. Protein/polypeptide-k obtained from Momordica 

charantia. United States Patent. 2004; 6831 162. 

14. National Research Council. Guide for the care and use of 

laboratory animals, National Academies Press. 

Washington, DC; 2010.  

15. Kim J, Go MY, Jeon CY, Shin JU, Kim M, Lim HW et al. 

Pinitol improves Diabetic Foot Ulcers in Streptozotocin-

Induced Diabetes Rats Through Upregulation of 

Nrf2/HO-1 Signaling. Antioxidants. 2025; 14(1): 15. 

https://doi.org/10.3390/antiox14010015.  

16. Hakim MN, Yaacob A, Adam Y, Zuraini A. Preliminary 

toxicological evaluations of polypeptide-K isolated from 

Momordica charantia in laboratory rats. World Acad Sci 

Eng Tech 2011; 51: 757 – 760. 

https://doi.org/10.5281/zenodo.1083417  

17. Abu Bakar NA, Abdullah MNH, Lim V, Yong YK. 

Essential oils derived from Momordica charantia seeds 

exhibited antiulcer activity against hydrogen 

chloride/ethanol and indomethacin. Evid Based 

Complement Alternat Med 2021; 5525584. 

https://doi.org/10.1155/2021/5525584  

18. Asghar MA, Li L, Wu J, Zhang G, Xiao R, Tang S et al. 

Understanding the impact of streptozotocin on diabetic 

male infertility: perspectives from rodent models and 

pharmacological networking. BMC Pharmacol Toxicol 

2025; 26(1): 161. https://doi.org/10.1186/s40360-025-

00998-w  

19. Somchit MN, Mohamed NA, Ahmad Z, Zakaria ZA, 

Shamsuddin L, Omar-Fauzee MS et al. Anti-

inflammatory and anti-pyretic properties of Spirulina 

platensis and Spirulina lonar: a comparative study. Pak 

J Pharm Sci 2014; 27(5): 1277-1280. PMID: 25176383.  

20. El Awady ME, Mohamed SS, Abo Elsoud MM, Mahmoud 

MG, Anwar MM, Ahmed MM et al. Insight into 

antioxidant and anti-inflammatory effects of marine 

bacterial natural exopolysaccharide (EPSSM) using 

carrageenan-induced paw edema in rats. Sci Rep 2024; 

14(1): 5113. https://doi.org/10.1038/s41598-024-53502-

5  

21. Somchit MN, Sulaiman MR, Zuraini A, Samsuddin L, 

Somchit N, Israf DA et al. Antinociceptive and anti-

inflammatory effects of Centella asiatica. Indian J 

Pharmacol 2004; 36(6): 377-380.  

22. Fehrenbacher JC, McCarson KE, Models of 

inflammation: carrageenan air pouch. Curr Protoc 2021; 

1(8): e183. https://doi.org/10.1002/cpz1.183  

23. Fayez N, Khalil W, Abdel-Sattar E, Abdel-Fattah AM. 

Involvement of TNFα, IL-1β, COX-2 and NO in the anti-

inflammatory activity of Tamarix aphylla in Wistar albino 

rats: an in vivo and in-vitro study. BMC Complement 

Med Ther 2024; 24(1): 57. doi: 10.1186/s12906-024-

04359-8.  

24. Salvemini D, Wang Z-Q, Wyatt PS, Bourdon DM, Marino 

MH, Manning PT et al. Nitric oxide: A key mediator in 

the early and late phase of carrageenan-induced rat 

paw inflammation. Br J Pharmacol 1996; 118(4): 829–

838. https://doi.org/10.1111/j.1476-5381.1996.tb15475.x  

25. Posadas I, Bucci M, Roviezzo F, Rossi A, Parente L, 

Sautebin L et al. Carrageenan-induced mouse paw 

edema is biphasic, age-weight dependent and displays 

differential nitric oxide cyclooxygenase-2 expression. Br 

J Pharmacol 2004; 142(2): 331–338. 

https://doi.org/10.1038/sj.bjp.0705650  

26. Saria A, Lundberg JM. Evans blue fluorescence: 

Quantitative and morphological evaluation of vascular 

permeability in animal tissues. J Neurosci Methods 

1983; 8(1): 41–49. https://doi.org/10.1016/0165-

0270(83)90050-X  

27. Da Silva MD, Guginski G, Werner MFP, Baggio CH, 

Marcon R, Dos Santos A et al. Involvement of 

interleukin-10 in the anti-inflammatory effect of 

Sanyinjiao (SP6) acupuncture in a mouse model of 

peritonitis. Evid Based Complement Alternat Med 2011: 

217946. https://doi.org/10.1093/ecam/neq036 

28. Kern TS. Contributions of inflammatory processes to the 

development of the early stages of diabetic retinopathy. 

Exp Diabetes Res 2007: 95103. 

https://doi.org/10.1155/2007/95103  

29. Yang YS, Wu NY, Kornelius E, Huang CN, Yang NC. A 

randomized, double-blind, placebo-controlled trial to 

evaluate the hypoglycaemic efficacy of the mcIRBP-19-

containing Momordica charantia L. fruit extracts in the 

type 2 diabetic subjects. Food Nutr Res 2022; 66: 3685. 

https://doi.org/10.29219/fnr.v66.3685 

 


