
Efectos del uso de diferentes productos biológicos sobre las concentraciones de 
IL-1β TNF-α, PGE2 en conejos con periodontitis

Salud, Ciencia y Tecnología. 2024; 4:.1332
doi: 10.56294/saludcyt2024.1332

ORIGINAL

Effects of using different biological products on IL-1β TNF-α, PGE2 concentrations 
in rabbits with periodontitis 

Samer Salim Jaafer1
 , Faten Ben Amor1

 

ABSTRACT

Introduction: platelet‐rich plasma (PRP) is a plasma fraction of autologous blood with a high platelet 
concentration, containing key cytokines and growth factors.
Method: this study, conducted in the Clinical Surgery Department of the College of Dentistry, University of 
Al‐Muthanna, involved 20 New Zealand white rabbits divided into four groups. A 1mm gingival wound was 
created on each rabbit, followed by immediate injections:

•	 10μl saline
•	 10μl PRP
•	 10μl Platelet‐poor plasma (PPP)
•	 3ng hepatocyte growth factor (HGF) in 10μl engineered tendon matrix

Rabbits were sacrificed on days 0, 1, 3, 5, and 12 for tissue harvesting.
Results: interleukin 1 beta Increased in PPP group compared to HGF, PRP, and control groups. Tumor Necrosis 
Factor alpha: Increased in PPP group.While,PRP significantly reduced PGE2 levels on days 1, 3, and 5. On 
day 12, levels were low in both PRP and control groups. PPP slightly reduced PGE2 on days 1, 3, and 5. HGF 
reduced PGE2 on days 1, 3, and 12, with a transient response on day 0.
Conclusion: PRP sustains the up-regulation of proinflammatory factors like Interleukin 1 beta and Tumor 
Necrosis Factor alpha. Its anti-inflammatory function is partially mediated through HGF, producing similar 
anti-inflammatory effects.
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RESUMEN

Introducción: el plasma rico en plaquetas (PRP) es una fracción de plasma de sangre autóloga con una alta 
concentración de plaquetas, que contiene citocinas y factores de crecimiento clave.
Método: este estudio, realizado en el Departamento de Cirugía Clínica de la Facultad de Odontología de la 
Universidad de Al‐Muthanna, involucró a 20 conejos blancos de Nueva Zelanda divididos en cuatro grupos. Se 
creó una herida gingival de 1 mm en cada conejo, seguida de inyecciones inmediatas:

•	 10μl de solución salina
•	 10μl de PRP
•	 10μl de plasma pobre en plaquetas (PPP)
•	 3ng de factor de crecimiento hepatocitario (HGF) en 10μl de matriz tendinosa diseñada

Los conejos fueron sacrificados en los días 0, 1, 3, 5 y 12 para la recolección de tejidos.
Resultados: Interleucina 1 beta: Aumentó en el grupo PPP en comparación con los grupos HGF, PRP y 
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control. Factor de Necrosis Tumoral alfa: Aumentó en el grupo PPP. Prostaglandina E2 (PGE2): El PRP redujo 
significativamente los niveles de PGE2 en los días 1, 3 y 5. En el día 12, los niveles fueron bajos tanto en los 
grupos PRP como en los grupos de control. El PPP redujo ligeramente la PGE2 en los días 1, 3 y 5. El HGF 
redujo la PGE2 en los días 1, 3 y 12, con una respuesta transitoria en el día 0.
Conclusión: el PRP sostiene la regulación al alza de factores proinflamatorios como la Interleucina 1 beta y 
el Factor de Necrosis Tumoral alfa. Su función antiinflamatoria está mediada parcialmente a través del HGF, 
produciendo efectos antiinflamatorios similares.

Palabras clave: PRP; IL-1β TNF-α; PGE2; Conejos; Periodontitis.

INTRODUCTION
PRP has been utilized in dental implantology for stimulating new bone formation or peripheral nerve 

regeneration. Several animal and human studies have assessed the effect of PRP in implantology. Many of these 
studies have reported the beneficial effects of PRP on hard and soft tissue healing. For instance, increased bone 
activity and faster bone regeneration after using PRP were explored by scintigraphy in dogs.(1,2)

Song et al., (2019)(3) transferred autologous PRP into the canine implant bed to study the effect of PRP on 
nerve innervation in the peri-implant bone. They demonstrated that PRP exhibited a significant effect on the 
diameter of the myelinated nerve fibres and might help to improve regeneration of nerve fibres in peri-implant 
bone, more specifically 6 months after healing.

Taschieri(4) reported that the use of PRP in association with implants immediately placed into fresh extraction 
sockets proved beneficial effects on soft tissue healing in the clinical studies of post-extraction implants. 

Based on the current findings, local application of PRP may provide accelerated healing of hard and soft 
tissues in the proximity of dental implants during routine implant surgery. However, characterization of the 
healing with autologous PRP in physiological osseointegration of implants remains poorly documented or even 
controversial. Moreover, the effect of the concentrations of PRP on the assumed development of peri-implant 
bone microstructures in a longer observation time has hardly been investigated.(1) 

Autologous plasma fractions, such as platelet‐rich plasma (PRP) and platelet‐poor plasma (PPP) have been 
utilized in dental implantology for stimulating new bone formation,(5) angiogenesis,(6) and peripheral nerve 
regeneration.(7)

Activated platelet-derived factors serve as messengers and regulators that influence a variety of cell–cell 
and cell–extracellular matrix (ECM) interactions and serve to modify the pericellular microenvironment. The 
most important growth factors released by platelets in PRP include vascular endothelial growth factor (VEGF), 
transforming growth factor‐β (TGF‐β), platelet-derived growth factor (PDGF), fibroblast growth factor (FGF), 
epidermal growth factor (EGF), hepatocyte growth factor (HGF), insulin-like growth factors 1 and 2 (IGF-1 and 
IGF‐2), matrix metalloproteinases 2 and 9, and interleukin‐8.(8)

This investigation was designed to study the effects of using different biological products on IL-1β TNF‐α, 
PGE2 concentrations in rabbits with periodontitis.

METHOD
In this study, 20 New Zealand white strains of rabbits were used, with ages ranged between 5‐10 months 

and weights ranged between (3,5‐5kg), these rabbits were putted underwent laboratory conditions, such as 
suitable temperatures from (18 ‐ 20 ᵒC), 12 hrs., under light and 12 hrs. under darkness to allowed animals 
to acclimation for 20 days before start the experiment.(9) Adult rabbits should be kept in individual mesh 
cages (0,90 × 0,60 × 0,45 m) hung at a height of 0,8 cm from the ground so that excrement can fall out into 
collecting trays. 12 to 14 hours of light are necessary for the colony’s circadian biorhythms and animals should 
be routinely observed for food consumption and fecal characteristics.

Study Groups
The present study was completed in the laboratory of Clinical Surgery Department in College of Dentistry, 

University of Al‐Muthanna. During the period from (1st of November 2021) until (1st of February 2022). 
The study groups of the present study were (20) New Zealand white strains of rabbits, which were divided 

randomly into four groups according to variation between groups, each group include 5 rabbits. A wound with 
a 1 mm diameter was created on the gingival of each rabbit using a biopsy punch. The wounded rabbits were 
divided into four groups and the following injections were given to the rabbits immediately after wounding:

•	 First group rabbits (only wound group) were injected of 10μl saline. 
•	 Second group (PRP group) were injected of 10μl PRP. 
•	 Third group (PPP group) were injected of 10μl PPP. 

 Salud, Ciencia y Tecnología. 2024; 4:.1332  2 



•	 Fourth group (HGF group) were injected of 3ng HGF in 10μl of an engineered tendon matrix (ETM) 
prepared from rabbit according to the published protocol.

One rabbit in each group were sacrificed on days 0, 1, 3, 5, 12, and the sample were harvested. Day 0 tissue 
were removed from rabbits immediately after injections.

Platelet rich plasma preparation
This was prepared according to Dhurat & Sukesh(10)

Gingival tissue preparation
Gingival tissues were weighed, minced, placed in buffer (100 μl buffer for each 1mg tissue) provided by 

the ELISA kit manufacturer, and homogenized. The tissue samples were centrifuged at 3 000 g for 30 min at 
4°C, and the supernatant was collected to measure PGE2 and HGF. The measured values were normalized with 
respect to tissue weight.(11) 

Determination of HGF in PRP and rabbit whole blood
Rabbit whole blood (4 ml) was withdrawn from an ear vein of each rabbit and mixed with 0,5ml 3,8 % sodium 

citrate (SC); 1ml of blood‐SC mixture was used as a whole blood sample.(12) The concentrations of HGF in rabbit 
whole blood and PRP were measured using an ELISA kit.

Rabbit Prostaglandin E2 ELISA Kit
This kit is an Enzyme-Linked Immunosorbent Assay (ELISA). The plate has been pre-coated with Rabbit 

PGE2 antibody. PGE2 present in the sample is added and binds to antibodies coated on the wells. And then 
biotinylated Rabbit PGE2 Antibody is added and binds to PGE2 in the sample. Then Streptavidin-HRP is added 
and binds to the Biotinylated PGE2 antibody. After incubation unbound Streptavidin-HRP is washed away during 
a washing step. Substrate solution is then added and color develops in proportion to the amount of Rabbit 
PGE2. The reaction is terminated by addition of acidic stop solution and absorbance is measured at 450 nm.

Rabbit TNF-α ELISA Kit
Rabbit TNF‐α ELISA Kit was used in this study for quantitative determination of TNF-α concentration and 

done according to company instruction (Elabscience/ China).

Rabbit IL-I-β ELISA Kit
Rabbit IL‐Iβ ELISA Kit was used in this study for quantitative determination of IL-1β concentration and done 

according to company instruction (Elabscience/ China).

Statistical Analysis
Statistical analysis was carried out using SPSS version 26. Continuous variables were presented as (Means ± 

SD). Student t-test was used to compare means between two groups. ANOVA test was used to compare means 
between three groups or more. Correlation coefficient (r) was used to assess the relationship between two 
continuous variables. A p-value of ≤ 0,05 was considered as significant.(13)

RESULTS AND DISCUSSIONS
Effect of PRP, PPP, HGF and control groups on IL-1β and TNF-α

The effect of PRP, PPP, HGF and control groups on IL-1β were investigated, the results showed that, the 
mean difference of IL-1β was increase in PPP groups (72,57 ± 14,75) than in HGF (0,65 ± 0,52), PRP (1,34 ± 1,48) 
and control group (55,02 ± 6,36) with no significant difference. However, the effect of these factors on TNF-α 
were showed increase of this cytokine in PPP (71,78 ± 9,33) group more than HGF (0,61 ± 0,45), PRP (2,55 ± 
2,73) and control group (54,75 ± 5,99) no significant difference. These results were shown in table 1.

Table 1. Effect of PRP, PPP, HGF and control groups on IL-1β and TNF‐α
Study groups IL-1β TNF-α P value

(mean ± SD) (mean ± SD)
PRP 1,34 ± 1,48 2,55 ± 2,73 0,338
HGF 0,65 ± 0,52 0,61 ± 0,45 0,921
PPP 72,57 ± 14,75 71,78 ± 9,33 0,142
Control 55,02 ± 6,36 54,75 ± 5,99 0,798

An inflammatory response is the initial step in the process of wound healing, and a moderate inflammatory 
reaction is helpful to normal wound healing.(14) In the results of Qing(15) found that, the cytokines were significantly 
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lower with significantly in PRP group than in PPP group and control group (P < 0,05). Li(16) demonstrated 
that, PRP may suppress cytokine release, limit inflammation, and promote tissue regeneration. Tavassoli-
Hojjati(17) concluded that the growth-stimulating effect of PRP is dose dependent with the best results in low 
concentrations. Andia(18) found IL‐1β, IL‐8 and TNF‐α were significantly induced by PRP compared to both HGF 
and PPP groups. Lee(19) demonstrated that, IL‐1β and TNF‐α concentrations were similar in PPP and control 
group, and both lower than those in the PRP preparation. 

PRP could have beneficial therapeutic effects on hard and soft tissue healing, due to growth factors stored 
in the platelets.(20) Moreover, previous studies reported an anti-inflammatory role of activated PRP.(21,22) 

Blandford(23) known that, PRP may contain variable levels of IL‐1β receptor antagonist (IL‐1ra), as shown in 
human serum. IL-1ra may block the induction of cellular inflammation in culture by exogenous IL-1β. 

Additionally, HGF could up regulate IL-1ra expression, thus exerting its anti-inflammatory effects on the 
tissue cells. However, this potential effect of serum IL-1ra on tissue cell inflammation must be much smaller 
than the effects of HGF, because the combined use of PRP and HGF antibody restored more than 60–70 % of COX-
1 and COX-2 expressions and PGE2 production, which was induced by IL-1β treatment of tissue cells to levels 
comparable with PRP treatment alone.(24)

Therefore, Zhao(25) suspect that, in normal serum derived from healthy rabbits, IL‐1ra levels are either low, 
or may be degraded during the process of PRP preparation, or a combination of the two.

Administration of an IL‐1 receptor antagonist to rabbit decreased the nociceptive response to an incisional 
wound, and reduced the production of multiple inflammatory mediators, including keratinocyte-derived 
chemokine (KC) and macrophage inhibitory protein (MIP)-1α, within the wounds.(26) IL‐1α and IL‐1β stimulated 
IL-8 and GRO-α production by primary keratinocytes. IL‐1β levels were highly correlated with IL‐8 in surgical 
wounds.(27)

The effects of PRP, PPP, HGF and control groups on PGE2 production
PRP injections did not significantly reduce PGE2 levels immediately after injection on day 0, but they 

significantly decreased PGE2 levels in rabbits gingival wounded on days 1, 3, and 5 post‐treatment. On day 
12, PGE2 levels in both PRP injected and un-injected groups were lower than on day 0 with no apparent effect 
of the PRP treatment remaining. On the other hand, PPP injections did not significantly reduce the levels of 
PGE2 in rabbits gingival wounded at any of the above time points. 

 However, as revealed by a trend analysis, PPP slightly reduced PGE2 production in the rabbits gingival 
wounded on days 1, 3, and 5. This is more likely due to the low abundance of platelets in PPP. Furthermore, HGF 
injections reduced PGE2 levels similar to PRP injections. Specifically, HGF significantly decreased PGE2 levels 
on days 1, 3 and 12, albeit to varying degrees. On day 5, a slight reduction in PGE2 levels was observed which 
was not statistically significant. Note that on day 0 the treatment groups exhibited a transient response to 
HGF treatment, as they had lower PGE2 levels than the control group. This was likely due to the lag time (∼1 
hr) from injection of HGF to harvesting and processing of rabbits gingival tissues for PGE2 measurement. In 
these experiments, the results from saline injections (wound only group) not appear any changes; therefore, 
the results from the saline injected group only are presented here as the control. These results were shown in 
figure 1.

An interesting finding in vivo model is that while PPP injection did not significantly reduce PGE2 levels, 
it apparently caused a small reduction of PGE2 production in wounded rabbit on days 0, 1, 3, and 5 post‐
treatment. This effect is similar to PRP, although much smaller, probably due to the much lower number of 
platelets in PPP than in PRP. In addition, PPP could possibly contain certain serum factors exerting an inhibitory 
effect on PGE2 production in the wounded tissue. 

This finding suggests that, PRP’s effects on the inflammation of injured tissues are platelet concentration-
dependent, and that blood clots, which contain fewer concentrated platelets than PRP, but a higher number of 
platelets than PPP, can exert anti-inflammatory effects at injured tissue sites.(28)

Now a further explanation of the cell tissue may be necessary to enable a better understanding of 
experimental results. First, when tissue are injured, inflammation ensues, which is characterized by an initial 
up regulation of IL‐1β production in injured sites. IL‐1β, which is secreted mainly by macrophages, is a potent 
inflammatory cytokine that up regulates the expression of other inflammatory mediators, including COX and 
matrix metallopeptidase. Second, tissue cells are known to respond to IL‐1β treatment by up regulating COX 
expression and increasing production of PGE2.

(29) Therefore, the use of IL‐1β and tissue cells may serve as an 
appropriate in vitro model to simulate tissue inflammation in vivo. 

However, a limitation of the current in vitro model is that mechanical loading was not incorporated. Because 
patients resume daily activities after PRP injection, mechanical loading placed on injured tissue should be an 
important factor in assessing the efficacy of PRP treatment on injured tissue(30). In clinics, training regiments 
are often prescribed, which may have additive effects on tissue inflammation. Based on this, Tang(31) suggest 
that, appropriate exercise after PRP treatment is likely beneficial, as small mechanical loading on suppresses 
cellular inflammation.
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Figure 1. The effects of PRP, PPP, HGF and control groups on PGE2 production
 

However, intensive exercise should be avoided because large mechanical loading may further worsen cellular 
inflammation by increasing the production of PGE2.

(32) PGE2 may play an important role in tissue remodeling.(33) 

CONCLUSION
Platelet-rich plasma is able to sustain the up-regulation of proinflammatory factors, (Interleukin 1 beta, 

tumor necrosis factor alpha). Anti-inflammatory function of in Platelet-rich plasma is at least partially 
mediated through hepatocyte growth factor, a major growth factor in Platelet‐rich plasma, which produces 
anti-inflammation results similar to Platelet-rich plasma

REFERENCES
1. Huang Y, Li Z, Van Dessel J, Salmon B, Huang B, Lambrichts I, et al. Effect of platelet-rich plasma on 

peri-implant trabecular bone volume and architecture: a preclinical micro-CT study in beagle dogs. Clin Oral 
Implants Res. 2019;30(12):1190‐9.

2. Xu J, Gou L, Zhang P, Li H, Qiu S. Platelet-rich plasma and regenerative dentistry. Aust Dent J. 
2020;65(2):131‐42.

3. Taschieri S, Lolato A, Ofer M, Testori T, Francetti L, Del Fabbro M. Immediate post-extraction implants 
with or without pure platelet‐rich plasma: a 5‐year follow‐up study. Oral Maxillofac Surg. 2017;21(2):147-57.

4. Martínez CE, González SA, Palma V, Smith PC. Platelet‐poor and platelet‐rich plasma stimulate bone 
lineage differentiation in periodontal ligament stem cells. J Periodontol. 2016;87(2):e18-26.

5. Shahidi M, Vatanmakanian M, Arami MK, Shirazi FS, Esmaeili N, Hydarporian S, et al. A comparative 
study between platelet-rich plasma and platelet-poor plasma effects on angiogenesis. Med Mol Morphol. 
2018;51(1):21‐31.

6. Zheng C, Zhu Q, Liu X, Huang X, He C, Jiang L, et al. Improved peripheral nerve regeneration using 
acellular nerve allografts loaded with platelet-rich plasma. Tissue Eng Part A. 2014;20(23-24):3228-40.

7. Creaney L, Hamilton B. Growth factor delivery methods in the management of sports injuries: the state 
of play. Br J Sports Med. 2008;42(5):314‐20.

https://doi.org/10.56294/saludcyt2024.1332

 5    Salim Jaafer S, et al



https://doi.org/10.56294/saludcyt2024.1332

8. Rowe WB. Principles of modern grinding technology. William Andrew; 2013.

9. Dhurat R, Sukesh MS. Principles and methods of preparation of platelet‐rich plasma: a review and author’s 
perspective. J Cutan Aesthet Surg. 2014;7(4):189.

10. Kostić I, Mihailović D, Najman S, Stojanović S, Kostić M. The rabbit gingival tissue response to retraction 
liquids and tetrahydrozoline. Vojnosanit Pregl. 2014;71(1):46‐51.

11. Zhang J, Middleton KK, Fu FH, Im HJ, Wang JH. HGF mediates the anti-inflammatory effects of PRP on 
injured tendons. PLoS One. 2013;8(6):e67303.

12. Mishra P, Pandey CM, Singh U, Gupta A, Sahu C, Keshri A. Descriptive statistics and normality tests for 
statistical data. Ann Card Anaesth. 2019;22(1):67.

13. Lin PH, Hirko MK, Von Fraunhofer JA, Greisler HP. Wound healing and inflammatory response to 
biomaterials. In: Wound closure biomaterials and devices. CRC Press; 2018. p. 7‐24.

14. Qing C. The molecular biology in wound healing & non‐healing wound. Chin J Traumatol. 2017;20(4):189‐
93.

15. Li Y, Wang G, Liu J, Ouyang L. Quinolizidine alkaloids derivatives from Sophora alopecuroides Linn: 
Bioactivities, structure-activity relationships and preliminary molecular mechanisms. Eur J Med Chem. 2020; 
188:111972.

16. Tavassoli-Hojjati S, Sattari M, Ghasemi T, Ahmadi R, Mashayekhi A. Effect of platelet-rich plasma 
concentrations on the proliferation of periodontal cells: an in vitro study. Eur J Dent. 2016;10(4):469-74.

17. Andia I, Martin JI, Maffulli N. Advances with platelet rich plasma therapies for tendon regeneration. 
Expert Opin Biol Ther. 2018;18(4):389-98.

18. Lee MJ, Yoon KS, Oh S, Shin S, Jo CH. Allogenic Pure Platelet-Rich Plasma Therapy for Adhesive Capsulitis: 
A Bed‐to‐Bench Study With Propensity Score Matching Using a Corticosteroid Control Group. Am J Sports Med. 
2021;49(9):2309‐20.

19. Liebig BE, Kisiday JD, Bahney CS, Ehrhart NP, Goodrich LR. The platelet-rich plasma and mesenchymal 
stem cell milieu: A review of therapeutic effects on bone healing. J Orthop Res. 2020;38(12):2539-50.

20. Moussa M, Lajeunesse D, Hilal G, El Atat O, Haykal G, Serhal R, et al. Platelet rich plasma (PRP) induces 
chondroprotection via increasing autophagy, anti-inflammatory markers, and decreasing apoptosis in human 
osteoarthritic cartilage. Exp Cell Res. 2017;352(1):146-56.

21. Blandford SN, Galloway DA, Williams JB, Arsenault S, Brown J, MacLean G, et al. Interleukin‐1 receptor 
antagonist: An exploratory plasma biomarker that correlates with disability and provides pathophysiological 
insights in relapsing‐remitting multiple sclerosis. Mult Scler Relat Disord. 2021;52:103006.

22. Lu J, Ren B, Wang L, Li M, Liu Y. Preparation and evaluation of IL‐1ra‐loaded dextran/PLGA microspheres 
for inhibiting periodontal inflammation in vitro. Inflammation. 2020;43(1):168-78.

23. Zhao R, Wang S, Jia L, Li Q, Qiao J, Peng X. Interleukin-1 receptor antagonist protein (IL-1Ra) and miR-
140 overexpression via pNNS‐conjugated chitosan‐mediated gene transfer enhances the repair of full‐thickness 
cartilage defects in a rabbit model. Bone Joint Res. 2019;8(3):165‐78.

24. Lopes AH, Brandolini L, Aramini A, Bianchini G, Silva RL, Zaperlon AC, et al. DF2755A, a novel non‐
competitive allosteric inhibitor of CXCR1/2, reduces inflammatory and post-operative pain. Pharmacol Res. 
2016;103:69‐79.

25. Cook AE, Cook JL, Stoker AM. Metabolic responses of meniscus to IL-1β. J Knee Surg. 2018;31(9):834-40.

26. Oryan A, Alidadi S, Moshiri A. Platelet-rich plasma for bone healing and regeneration. Expert Opin Biol 

 Salud, Ciencia y Tecnología. 2024; 4:.1332  6 



Ther. 2016;16(2):213‐32.

27. Toldo S, Abbate A. The NLRP3 inflammasome in acute myocardial infarction. Nat Rev Cardiol. 
2018;15(4):203‐14.

28. Sanchez M, Delgado D, Sanchez P, Muinos-Lopez E, Paiva B, Granero-Molto F, et al. Combination of 
intra‐articular and intraosseous injections of platelet rich plasma for severe knee osteoarthritis: a pilot study. 
Biomed Res Int. 2016.

29. Tang C, Chen Y, Huang J, Zhao K, Chen X, Yin Z, et al. The roles of inflammatory mediators and 
immunocytes in tendinopathy. J Orthop Translat. 2018;14:23-33.

30. Vadalà G, Ambrosio L, Russo F, Papalia R, Denaro V. Interaction between mesenchymal stem cells and 
intervertebral disc microenvironment: from cell therapy to tissue engineering. Stem Cells Int. 2019.

31. Lisowska B, Kosson D, Domaracka K. Lights and shadows of NSAIDs in bone healing: the role of 
prostaglandins in bone metabolism. Drug Des Devel Ther. 2018;12:1753‐65.

FINANCING
The author received no financial support for the research, authorship, and/or publication of this article.

CONFLICT OF INTEREST
The author declares the absence of any conflict of interest regarding the research, authorship and/or 

publication of this article.

AUTHORSHIP CONTRIBUTION
Conceptualization: Samer Salim Jaafer, Faten Ben Amor.
Data curation: Samer Salim Jaafer, Faten Ben Amor.
Formal analysis: Samer Salim Jaafer, Faten Ben Amor.
Research: Samer Salim Jaafer, Faten Ben Amor.
Methodology: Samer Salim Jaafer, Faten Ben Amor.
Project management: Samer Salim Jaafer, Faten Ben Amor.
Resources: Samer Salim Jaafer, Faten Ben Amor.
Software: Samer Salim Jaafer, Faten Ben Amor.
Supervision: Samer Salim Jaafer, Faten Ben Amor.
Validation: Samer Salim Jaafer, Faten Ben Amor.
Display: Samer Salim Jaafer, Faten Ben Amor.
Drafting - original draft: Samer Salim Jaafer, Faten Ben Amor.
Writing - proofreading and editing: Samer Salim Jaafer, Faten Ben Amor.

https://doi.org/10.56294/saludcyt2024.1332

 7    Salim Jaafer S, et al


	Marcador 1
	_heading=h.30j0zll
	_heading=h.3znysh7

