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Effects of curcumin supplementation on abdominal surgical wound healing
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ABSTRACT

Purpose: To evaluate the effects of curcumin supplementation on abdominal surgical wound healing in rats using clinical, 
histological, and hematological parameters. Methods: Forty Wistar rats were randomly divided into two groups: the curcumin 
group, and the control group. The curcumin group received, in addition to water and standard feed, curcumin via gavage at 
the dose of 200 mg/kg for seven days preceding and seven days following surgery. The control group received only water and 
standard feed. Both groups underwent median laparotomy and left colotomy. On the eighth postoperative day, the groups 
were euthanized, and the left colon was resected for histological analysis. Results: In the preoperative evaluation, there 
was a significant decrease in the mean C-reactive protein levels in the curcumin group (0.06) compared to the control group 
(0.112) (p = 0.0001). In the postoperative wound healing assessment, a significant decrease was observed in inflammatory 
infiltrate (p = 0.0006) and blood vessel count (p = 0.0002) in the curcumin group compared to the control group. Conclusion: 
Curcumin supplementation was able to significantly reduce inflammatory parameters in both pre-and post-operative phases 
of abdominal surgical wounds in rats.
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Introduction

Operative wounds are classified as acute and intentionally created to prevent potential complications. However, they 
can also evolve in a complex manner and be considered chronic when they require a prolonged healing time. Additionally, 
there are different types of wound healing, categorized as primary or secondary intention. Primary intention occurs when 
there is no approximation of the wound edges, leading to a slower healing process. Various factors can alter the type of 
wound healing and pose risk factors, ranging from the patient’s own conditions to the type of surgical technique adopted. 
Notably, complications such as infection and dehiscence are more frequently observed1.

Wound healing is the natural process of tissue recovery following surgical trauma. It comprises three main phases: the 
inflammatory phase, fibroplasia, and maturation2.

The initial inflammatory phase is characterized by vasoconstriction, resulting from the release of inflammatory mediators, 
such as pro-inflammatory cytokines and thromboxane A2. These mediators are released by platelets adhering to the damaged 
and exposed endothelium. After local and natural hemostasis control, prostaglandins are released, promoting vasodilation 
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and the migration of chemotactic molecules, attracting neutrophils and macrophages to the site of surgical trauma. Through 
the action of macrophages, devitalized tissues are removed, initiating the proliferation phase2,3.

The cellular proliferation phase is a continuation of the inflammatory phase, lasting approximately 48 h to one week. 
Angiogenesis, fibroblast migration, stimulated by chemotactic factors released by macrophages, and epithelialization predominate 
in this phase. With the formation of blood vessels, originating from the migration of endothelial cells from vascular sprouts, 
the fibroplasia phase begins, with fibroblasts and extracellular matrix production, primarily collagen, predominating. This 
phase can extend from the seventh day up to three weeks. It is one of the most crucial phases, as the quantity and quality of 
deposited matrix will influence the scar, as well as the extension or cessation of the inflammatory phase2,3.

The final phase is maturation, in which the quantity of fibroblasts is reduced, and myofibroblasts predominate, leading 
to matrix contraction, resulting from bridges between collagen fibers and the formation of a mature scar4.

Regarding the healing process of intestinal anastomoses, fibroblasts begin to emerge during the advanced inflammatory 
phase and become the predominant cellular type in the wound area by the fourth day, with the proliferation phase usually 
extending for approximately 14 days. It is also important to differentiate that the gastrointestinal tract has differences 
compared to the skin, such as a broader and more diverse microbiota, which can alter the healing period5.

Given this entire process, the use of curcumin is a potential aid in wound contraction, as it accelerates the phases of 
the healing process6. Its anti-inflammatory action is attributed to its ability to reduce inflammatory pathways, such as 
interleukin (IL)-1, IL-6, and transcription factors of protein I and nuclear factor kappa B (NfkB). During the proliferative 
phase, it is capable of increasing reepithelialization speed, as well as granulation tissue and the amount of type III collagen. 
In the remodeling process, there is an increase in the production of extracellular matrix components and the concentration 
of transforming growth factor-β (TGF-β) in the wound area, which, in turn, contributes to wound contraction7.

Corroborating the potential effects on abdominal surgical wound healing, through the regulation of inflammatory 
signaling pathways and inhibition of inflammatory mediator synthesis, benefits in different tissues of the human body have 
already been demonstrated8. Research has shown that curcumin, due to its intrinsic properties, confers benefits in managing 
different inflammatory conditions, such as arthritis, psoriasis, atherosclerosis, and the systemic impacts of COVID-199–11.

Based on this, this study aimed to analyze the supplementation of curcumin and, particularly, its effect on the wound 
healing process, evaluating hematological and clinical parameters post-left colectomy in Wistar rats.

Methods

This was an experimental study conducted at the Laboratory of Operative Technique, Prof. Gilberto Luis Ortolan, at the 
Universidade Estadual de Ponta Grossa, between the years 2022 and 2023. The research was conducted with approval from 
the Ethics Committee for Animal Use and the Brazilian Directive for Care and Use of Animals for Scientific and Educational 
Purposes, established by the National Council for Animal Experimentation, and followed international standards for animal 
experimentation (Protocol no. 23.000011573-2).

Forty male Wistar rats (Rattus norvegicus albinus, Rodentia, Mammalia) of the same lineage, weighing between 230 and 
338 g, were used. These animals were obtained from the Animal Facility of the Universidade Estadual de Ponta Grossa and 
were housed in groups of four per cage in a climate-controlled environment (22 ± 1ºC) with controlled lighting. Throughout 
the experiment, they had ad libitum access to water and food.

Curcumin, the nutrient of interest, was supplemented via gavage in the pre- and post-operative period to the experimental 
group, seven days prior and seven days after the surgical procedure, in addition to their regular water and food. The 
concentration of curcumin was 200 mg/mL, administered through a size 8F gastric gavage tube, with the length of 10 cm 
and internal diameter of 2 mm. To formulate the curcumin solution administered via gavage, we used 1,560 mg of turmeric, 
with the concentration of 96% curcumin, diluted in 5 mL of glycerin and 10 mL of 0.9% saline solution. This resulted in a 
solution of 100 mg/mL.
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All rats underwent a 12-h fasting period before the surgical procedure. This was done to minimize the presence of 
fecal content in the colon, making the surgical procedure easier and reducing the risks of contamination and adhesion 
formation. For anesthesia, intraperitoneal administration of ketamine at the dose of 40 mg/kg and xylazine at the dose of 
10 mg/kg was used. 

After anesthesia, the animals were weighed. Subsequently, trichotomy of the middle abdominal region was performed, 
and the animals were placed on the surgical table with their limbs extended. An approximately 3-cm long midline abdominal 
incision provided access to the abdominal cavity for exposure of the colon. The colon was sectioned 1.5 cm, at the level of the 
transverse and descending colon, with preservation of the colic vessels. Reconstruction was achieved by termino-terminal 
anastomosis in a single layer with two separate points of monofilament nylon thread, 5 cm apart. The abdominal wall was 
closed with anchored continuous suture of monofilament nylon 4.0 (Fig. 1) in two planes: muscle-aponeurotic, and intradermal. 

After anesthetic recovery, the animals were isolated in cages and resumed ad libitum access to water and food 1 h after 
the procedure.

Source: Elaborated by the authors.

Figure 1 – Closure of the abdominal wall with simple suture. 

On the first postoperative day, curcumin administration was resumed. The rats were euthanized on the eighth postoperative 
day using an overdose of anesthetic with ketamine (160 mg/kg) and xylazine (40 mg/kg). For animal weighing, the Marte 
model AM 5500 scale, calibrated according to the National Institute of Metrology, Quality and Technology (INMETRO) 
standards, was used. Subsequently, 5 mL of blood was obtained from each specimen for biochemical analysis through a 
median thoracotomy and cardiac puncture in the right ventricle. After this step, the segment of the colon that underwent 
surgery was immersed in a 10% formalin solution for fixation, to be further used for histological study.

Statistical analysis was performed using GraphPad Prism 6, employing one-way analysis of variance (ANOVA) for 
multiple comparisons, followed by Tukey’s test, with the confidence interval of 95% (p ≤ 0.05). Sample size was calculated 
adopting a significance level of α = 0.05, for two groups of 20 animals each. The calculations were based on mean and 
standard deviation, establishing a test power of 90%, using the GPower 3.1.9.2 program (Fig. 2).
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Figure 2 – Sample size calculation in GPower 3.1.9.2. 
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Regarding postoperative evolution, the following aspects were evaluated: weight gain or loss, occurrence of postoperative 
mortality, and wound analysis. Hematocrit and C-reactive protein (CRP) levels were assessed. For this purpose, blood was 
collected by puncturing the vena cava during surgery and by cardiac puncture after euthanasia. Hematocrit measurement 
was performed by filling a capillary tube with blood up to 3/4 of its height, with one end occluded with appropriate clay. 
The tube was then placed in a centrifuge adjusted for 5 min at 10,000 rpm. The result was interpreted on a reading scale by 
observing the separation limit between erythrocyte mass and plasma.

Finally, serum was obtained by centrifuging 2 mL of blood in a refrigerated centrifuge (model NT 816 Novatechnica) 
for 5 min at 4,000 rpm and kept refrigerated at -20ºC until the time of analysis. Quantitative determination of CRP was 
performed by automated turbidimetry (selectra XL). The analytical principle was the turbidimetric method with enhanced 
latex. The presence of ≥ 5 mg of CRP in the sample causes agglutination of latex particles coated with anti-CRP antibodies. 
The degree of agglutination is proportional to the concentration of CRP in the sample. This agglutination process is based 
on the optical detection of very small particles suspended in liquid, forming immune complexes. The dilution becomes 
turbid, which is proportional to the number of antigens present in the sample.

The quantification of inflammatory cells and vessels was performed using ImageJ software–cell counter with the counting 
of three standardized quadrants per image. The images were obtained with an Olympus AX70 microscope, with a polarizer. 
To avoid variations related to the capture process, the camera settings and light intensity were identical for all samples. The 
images were analyzed using the ImageJ program, and the results were expressed in pixels.

For the histological study (Fig. 3), the segment of the colon that underwent surgery was used. The samples were immersed 
in a 10% formalin solution for fixation. After this step, dehydration, diaphanization, and tissue embedding were performed. 
The blocks were subjected to the microtomy process, resulting in cuts with thickness of 5 μm. These sections were stained 
with hematoxylin and eosin. Images of the histological slides were acquired blindly to avoid bias.

Source: Elaborated by the authors. 

Figure 3 – Standardized quadrant counting model image. 

Results

Out of 40 operated rats, three deaths occurred in the control group and five in the curcumin group. Among four rats, 
two from the control group and two from the curcumin group, it was not possible to analyze the results due to intraoperative 
death. Therefore, the control group consisted of 17 rats (53.1%), and the curcumin group consisted of 15 rats (46.8%).

The average weight of the rats was 266 g with median of 262 g, ranging from a minimum of 210 g to a maximum of 338 
g (Table 1). As for hematocrit, the mean value was 48.35 preoperatively and 43.5 postoperatively. In the curcumin group, 
the mean was 47.26 preoperatively and 42.53 postoperatively. In the control group, the mean was 49.41 preoperatively and 
44.47 postoperatively, without achieving statistical significance.
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For CRP, the average value preoperatively was 0.094 and postoperatively it was 0.06. Comparing the two groups preoperatively, 
the average CRP of the control group was 0.112 and in the curcumin group it was 0.06, obtaining statistical significance 
 (p = 0.0001). When comparing the postoperative CRP results, no statistical significance was obtained (p = 0.7861) (Table 1).

Table 1 – Describing weight and mortality variables, showing group homogeneity.

Variable Total n (%) Control n (%) Curcumin n (%) P-value
Death 8 (17.39) 3 (37.5) 5 (21.74) 0.3497*

Variable
Total n (%) Control n (%) Curcumin n (%)

P-valueMean/median (SD); 
range

Mean/median (SD); 
range

Mean/median (SD); 
range

Preoperative weight 262.4 (26.6); 216–326 261.1 (29.4); 216–326 263.8 (24.3); 232–314 0.753**
Postoperative weight 270.3 (32.3); 210–338 267.7 (31.1); 226–328 273.2 (34.6); 210–228 0.636**

Preoperative CRP 0.094 (0.027); 0.06–0.17 0.112 (0.025); 0.09–0.17 0.076 (0.014); 0.09–0.1 0.0001***
Postoperative CRP 0.06 (0.01); 0.05–0.1 0.06 (0.01); 0.05–0.09 0.06 (0.011); 0.05–0.1 0.7861***

CRP: C-reactive protein; SD: standard deviation; *Fisher’s exact test; **Student’s t-test; ***Mann-Whitney test. Source: Elaborated by the authors.

In the evaluation of postoperative wound healing, a significant decrease in inflammatory infiltrate (p = 0.0006) and 
blood vessel count (p = 0.0002) was found in the curcumin group compared to the control group (Figs. 4, 5, and 6).
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Figure 4 – Comparison of the quantity of inflammatory cells in the colon between the curcumin and control groups 
(Student’s t-test). 

 
10

8

6

4

2

0Bl
oo

d 
Ve

ss
el

s -
 8

 d
ay

s

Groups

p=0.0002

Contro
l

Curcu
min

Source: Elaborated by the authors.

Figure 5 – Comparison of the quantity of blood vessels in the colon between the curcumin and control groups (Student’s t-test). 
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Source: Elaborated by the authors.

Figure 6 – Histological examination of colon segments from both the curcumin and control groups utilizing hematoxylin-
eosin staining. (a and b) Curcumin group presented lower inflammatory infiltrate, number of inflammatory cells, and less 
blood vessels compared to (c and d) the control group. 

Discussion

Surgical procedures involving the left colon have been shown to have more complications compared to those on the right 
side. This is attributed to anatomical differences, bacterial proliferation, the surgery itself, or other factors. Additionally, the 
arterial vascularization of both colons differs, resulting in different blood flow, which is greater in the right colon12,13. Thus, 
the healing process may occur differently due to the specific characteristics of each colon.

Postoperative wound complications are a significant cause of surgical complications. Marques et al.14 sought to assess 
the risk of wound dehiscence following surgery, concluding that impaired wound healing led to longer intensive care unit 
and hospital stays, as well as difficulties in mobility and bedside rest.

Numerous scientific studies have demonstrated the anti-inflammatory and antioxidant properties of curcumin, resulting 
in the reduction of free radicals and optimization of wound healing15,16. In the present study, oral administration of curcumin 
via gavage demonstrated effectiveness in reducing blood vessels compared to the control group. However, it is worth noticing 
that the bioavailability of curcumin and its effects is lower when administered orally compared to topically17,18.

The use of proteins as biomarkers for systemic inflammatory response is well established, with CRP being prominent 
due to its ease of acquisition, cost-effectiveness, and extensive literature support19,20. CRP levels can rise rapidly in response 
to acute inflammatory conditions21. 

In this study, a statistically significant difference was observed in CRP levels between the groups preoperatively (p < 0.05). 
However, in the postoperative period, no statistically significant differences were identified (p > 0.05). The nonsignificant 
difference in postoperative CRP may be attributed to factors such as timing, dosage, and even the surgical procedure itself. 
In the preoperative period, however, CRP has proven to be a response to any tissue alteration, involving complex changes 
spanning from the endocrine, hematologic, immune, to the neurological systems. Thus, even emotional factors may be 
involved in the statistically significant preoperative value obtained22.

Regarding clinical parameters, some studies suggest that curcumin may reduce weight gain in response to increased 
peripheral insulin sensitivity23–25. However, in this study, no significant variation in weights was observed. Further 
comprehensive and definitive studies are warranted to explore the potential of curcumin, a promising natural bioactive, as 
an adjunct in combating obesity.

In this study, it was observed that Wistar rats supplemented with curcumin exhibited a significant reduction in 
inflammatory infiltrates and blood vessels. Additionally, there was a significant reduction in preoperative CRP levels, 
indicating a decrease in acute response.
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For future studies, we suggest increasing the number of animals, as well as exploring variations in dosage and different 
methodologies, considering that curcumin has various forms of bioavailability, and topical application could be highly 
beneficial in the healing process. Nevertheless, further research is needed to address any remaining uncertainties.

Conclusion

Oral curcumin supplementation was able to significantly reduce inflammatory parameters in both preoperative phase 
(CRP) and postoperative phase (inflammatory infiltrate and blood vessel count) in abdominal surgical wounds of Wistar rats.

Conflict of interest

Nothing to declare.

Author’s contributions

Substantive scientific and intellectual contributions to the study: Santos M, Campos ECR, Koga AY and Gonçalves 
Junior R; Conception and design: Campos ECR, Koga AY, Kono PA, Santos M; Acquisition of data: Santos M, Koga AY 
and Gonçalves Junior R; Analysis and interpretation of data: Koga AY, Santos M and Salina MVJ; Technical procedures: 
Kono PA, Salina MVJ, Dalazoana Filho E, Santos M and Gonçalves Junior R; Histopathological examinations: Koga AY 
and Santos M; Statistics analysis: Koga AY, Santos M, Toledo Junior AO and Lipinski LC; Manuscript preparation: Santos 
M and Salina MVJ; Manuscript writing: Santos M and Salina MVJ; Critical revision: Campos ECR, Gonçalves Junior R 
and Koga AY. 

Data availability statement

All data sets were generated or analyzed in the current study.

Funding

Not applicable.

About the authors

Santos M, Kono PA, Salina MVJ and Dalazoana Filho E are Medical students.

Campos ECR, Koga AY are PhDs.

Gonçalves Junior R is a Master.

Toledo Junior AO is a specialist.

Lipinski is a post-doctor.

Acknowledgements

Not applicable.



8 Acta Cir Bras. V39 . e392124 . 2024

Effects of curcumin supplementation on abdominal surgical wound healing

References

1. Gillespie BM, Walker RM, McInnes E, Moore Z, Eskes AM, O’Connor T, Harbeck E, White C, Scott IA, Vermeulen 
H, Chaboyer W. Preoperative and postoperative recommendations to surgical wound care interventions: A systematic 
meta-review of Cochrane reviews. Int J Nurs Stud. 2020;102:103486. https://doi.org/10.1016/j.ijnurstu.2019.103486

2. Balbino CA, Pereira LM, Curi R. Mecanismos envolvidos na cicatrização: uma revisão. Rev Bras Ciênc Farm. 
2005;41(1):27–51. https://doi.org/10.1590/S1516-93322005000100004

3. Medeiros AC, Dantas-Filho AM. Cicatrização das feridas cirúrgicas. J Surg Clin Res. 2016;7(2):87–102. https://doi.
org/10.20398/jscr.v7i2.11438

4. Tazima MDFGS, Andrade Vicente YADMV, Moriya T. Biologia da ferida e cicatrização. Med Ribeirão Preto. 
2008;41(3):259–64. https://doi.org/10.11606/issn.2176-7262.v41i3p259-264

5. Morgan RB, Shogan BD. The Science of Anastomotic Healing. Semin Colon Rectal Surg. 2022;33(2):100879. https://
doi.org/10.1016/j.scrs.2022.100879

6. Akbik D, Ghadiri M, Chrzanowski W, Rohanizadeh R. Curcumin as a wound healing agent. Life Sci. 2014;116(1):1–7. 
https://doi.org/10.1016/j.lfs.2014.08.016

7. Mohanty C, Sahoo SK. Curcumin and its topical formulations for wound healing applications. Drug Discov Today. 
2017;22(10):1582–92. https://doi.org/10.1016/j.drudis.2017.07.001

8. Peng Y, Ao M, Dong B, Jiang Y, Yu L, Chen Z, Hu C, Xu R. Anti-Inflammatory Effects of Curcumin in the Inflammatory 
Diseases: Status, Limitations and Countermeasures. Drug Des Devel Ther. 2021;15:4503–25. https://doi.org/10.2147/
DDDT.S327378

9. Zeng L, Yang T, Yang K, Yu G, Li J, Xiang W, Chen H. Efficacy and Safety of Curcumin and Curcuma longa Extract in 
the Treatment of Arthritis: A Systematic Review and Meta-Analysis of Randomized Controlled Trial. Front Immunol. 
2022;13:891822. https://doi.org/10.3389/fimmu.2022.891822

10. Razavi BM, Ghasemzadeh Rahbardar M, Hosseinzadeh H. A review of therapeutic potentials of turmeric (Curcuma 
longa) and its active constituent, curcumin, on inflammatory disorders, pain, and their related patents. Phytother Res. 
2021;35(12):6489–513. https://doi.org/10.1002/ptr.7224

11. Fu YS, Ho WY, Kang N, Tsai MJ, Wu J, Huang L, Weng CF. Pharmaceutical Prospects of Curcuminoids for the Remedy 
of COVID-19: Truth or Myth. Front Pharmacol. 2022;13:863082. https://doi.org/10.3389/fphar.2022.863082

12. Cazelles A, Manceau G, Maggiori L. Anatomía quirúrgica del colon. EMC Téc Quirúrgicas Apar Dig. 2023;39(1):1–9. 
https://doi.org/10.1016/S1282-9129(22)47399-5

13. Mt B, Féres O, Campos AD, Aprilli F, Rocha JJRD, Garcia RDS, Joviliano OFD. Cicatrização de anastomoses colônicas 
na vigência de obstrução intestinal: Estudo experimental em ratos. Acta Cir Bras. 2002;17(Suppl. 3):109–115. https://
doi.org/10.1590/S0102-86502002000900023

14. Marques GS, Almeida PF, Farias LRC de, Nascimento DC do. Estudo preliminar sobre registros de deiscência de ferida 
operatória em um hospital universitário. Rev Hosp Univ Pedro Ernesto. 2016;15(4):312–9. https://doi.org/10.12957/
rhupe.2016.31605

15. He Y, Yue Y, Zheng X, Zhang K, Chen S, Du Z. Curcumin, inflammation, and chronic diseases: how are they linked? 
Mol Basel Switz. 2015;20(5):9183–213. https://doi.org/10.3390/molecules20059183

16. Uddin SJ, Hasan MF, Afroz M, Sarker DK, Rouf R, Islam MT, Shilpi JA, Mubarak MS. Curcumin and its Multi-target 
Function Against Pain and Inflammation: An Update of Pre-clinical Data. Curr Drug Targets. 2021;22(6):656–71. 
https://doi.org/10.2174/1389450121666200925150022

17. Cheppudira B, Fowler M, McGhee L, Greer A, Mares A, Petz L, Devore D, Loyd DR, Clifford JL. Curcumin: a novel 
therapeutic for burn pain and wound healing. Expert Opin Investig Drugs. 2013;22(10):1295–303. https://doi.org/10
.1517/13543784.2013.825249

https://doi.org/10.1016/j.ijnurstu.2019.103486
https://doi.org/10.1590/S1516-93322005000100004
https://doi.org/10.20398/jscr.v7i2.11438
https://doi.org/10.20398/jscr.v7i2.11438
https://doi.org/10.11606/issn.2176-7262.v41i3p259-264
https://doi.org/10.1016/j.scrs.2022.100879
https://doi.org/10.1016/j.scrs.2022.100879
https://doi.org/10.1016/j.lfs.2014.08.016
https://doi.org/10.1016/j.drudis.2017.07.001
https://doi.org/10.2147/DDDT.S327378
https://doi.org/10.2147/DDDT.S327378
https://doi.org/10.3389/fimmu.2022.891822
https://doi.org/10.1002/ptr.7224
https://doi.org/10.3389/fphar.2022.863082
https://doi.org/10.1016/S1282-9129(22)47399-5
https://doi.org/10.1590/S0102-86502002000900023
https://doi.org/10.1590/S0102-86502002000900023
https://doi.org/10.12957/rhupe.2016.31605
https://doi.org/10.12957/rhupe.2016.31605
https://doi.org/10.3390/molecules20059183
https://doi.org/10.2174/1389450121666200925150022
https://doi.org/10.1517/13543784.2013.825249
https://doi.org/10.1517/13543784.2013.825249


9Acta Cir Bras. V39 . e392124 . 2024

Santos M et al.

18. Kianvash N, Bahador A, Pourhajibagher M, Ghafari H, Nikoui V, Rezayat SM, Dehpour AR, Partoazar A. Evaluation 
of propylene glycol nanoliposomes containing curcumin on burn wound model in rat: biocompatibility, wound 
healing, and anti-bacterial effects. Drug Deliv Transl Res. 2017;7:654–63. https://doi.org/10.1007/s13346-017-0405-4

19. Gabay C, Kushner I. Acute-phase proteins and other systemic responses to inflammation. N Engl J Med. 1999;340:448–
54. https://doi.org/10.1056/NEJM199902113400607

20. Gorabi AM, Abbasifard M, Imani D, Aslani S, Razi B, Alizadeh S, Bagheri-Hosseinabadi Z, Sathyapalan T, Sahebkar 
A. Effect of curcumin on C-reactive protein as a biomarker of systemic inflammation: An updated meta- analysis of 
randomized controlled trials. Phytother Res PTR. 2022;36:85–97. https://doi.org/10.1002/ptr.7284

21. Sato A, Oe K, Yamanaka H, Yokoyama I, Ebina K. C-reactive protein specifically enhances platelet-activating factor-
induced inflammatory activity in vivo. Eur J Pharmacol. 2014;745:46–51. https://doi.org/10.1016/j.ejphar.2014.10.020

22. Medeiros AC, Dantas Filho AM. Resposta metabólica ao trauma. J Surg Clin Res. 2017;8(1):56–76. https://doi.
org/10.20398/jscr.v8i1.13036

23. Unhapipatpong C, Polruang N, Shantavasinkul PC, Julanon N, Numthavaj P, Thakkinstian A. The effect of curcumin 
supplementation on weight loss and anthropometric indices: an umbrella review and updated meta-analyses of 
randomized controlled trials. Am J Clin Nutr. 2023;117(5):1005–16. https://doi.org/10.1016/j.ajcnut.2023.03.006

24. Kasprzak-Drozd K, Oniszczuk T, Gancarz M, Kondracka A, Rusinek R, Oniszczuk A. Curcumin and Weight Loss: 
Does It Work? Int J Mol Sci. 2022;23(2):639. https://doi.org/10.3390/ijms23020639

25. Jin T, Song Z, Weng J, Fantus IG. Curcumin and other dietary polyphenols: potential mechanisms of metabolic 
actions and therapy for diabetes and obesity. Am J Physiol Endocrinol Metab. 2018;314(3):E201–E205. https://doi.
org/10.1152/ajpendo.00285.2017

https://doi.org/10.1007/s13346-017-0405-4
https://doi.org/10.1056/NEJM199902113400607
https://doi.org/10.1002/ptr.7284
https://doi.org/10.1016/j.ejphar.2014.10.020
https://doi.org/10.20398/jscr.v8i1.13036
https://doi.org/10.20398/jscr.v8i1.13036
https://doi.org/10.1016/j.ajcnut.2023.03.006
https://doi.org/10.3390/ijms23020639
https://doi.org/10.1152/ajpendo.00285.2017
https://doi.org/10.1152/ajpendo.00285.2017

