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  ABSTRACT 
 This study investigated the effect of curcumin on the expression of wound healing-  related genes including 
TGF-β1 and VEGF in human gingival fibroblasts. The cytotoxicity of curcumin was determined by MTT assay. Then, 
cells were treated with non-cytotoxic concentrations of curcumin for 24 hours and the level of gene expression was 
determined by quantitative polymerase chain reaction (qPCR). Curcumin at 0.1- 20 µM caused no significant change 
in cell viability while 30 and 50 µM curcumin are cytotoxic.  Curcumin dose dependently increased the TGF-β1 
expression while 1 µM curcumin is the optimal concentration for inducing VEGF expression. However, no statistically 
significant difference was found in any of these inductions.  In conclusion, curcumin may regulate the expression of 
genes involved in wound healing in human gingival fibroblasts but further investigation is needed. 

 
บทคดัย่อ 

 การศึกษาผลของเคอร์คูมินต่อการแสดงออกของยนีท่ีเก่ียวขอ้งกบัการหายของแผลในเซลลไ์ฟโบรบลาสตจ์าก
เหงือกมนุษย ์เช่น ทีจีเอฟเบตา้ชนิดท่ี 1 และ วอีีจีเอฟ ความเป็นพิษของเคอร์คูมินถูกทดสอบดว้ยวธีิเอม็ทีที จากนั้นเซลล์
จึงถูกกระตุน้ดว้ยเคอร์คูมินท่ีความเขม้ขน้ต่างๆเป็นเวลา 24 ชัว่โมงและท าการตรวจสอบการแสดงออกของยีนดว้ยวิธี 
ควอนทิเททีฟพีซีอาร์ พบวา่เคอร์คูมินท่ี 0.1- 20  ไมโครโมลาร์ไม่มีผลต่อการมีชีวติของเซลล ์ส่วนความเขม้ขน้ 30 และ 
50 ไมโครโมลาร์มีความเป็นพิษต่อเซลล ์เคอร์คูมินกระตุน้การแสดงออกของทีจีเอฟเบตา้ชนิดท่ี 1 ตามความเขม้ขน้ท่ี
มากข้ึนขณะท่ีความเขม้ขน้ 1 ไมโครโมลาร์เป็นความเขม้ขน้ท่ีกระตุน้การแสดงออกของวีอีจีเอฟ ไดดี้ท่ีสุด  อยา่งไรก็
ตามไม่พบความแตกต่างอยา่งมีนยัส าคญัจากการกระตุน้ดงักล่าว โดยสรุป เคอร์คูมินน่าจะมีผลควบคุมการแสดงออก
ของยนีท่ีเก่ียวขอ้งกบัการหายของแผลในเซลลไ์ฟโบรบลาสตจ์ากเหงือกมนุษย ์แต่จ าเป็นตอ้งมีการศึกษาเพ่ิมเติมต่อไป 
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Introduction 
 Ulceration in the oral cavity is the cause of pain and discomfort that could significantly affect normal food 

intake and quality of life. Although there are several recommended remedies to relieve the symptoms, none of them 
accelerates the healing process (Scully and Shotts, 2001). Wound healing is a complex process controlled by signals 
from several cell types including keratinocyte, immune cells, endothelial cell and fibroblasts (Pastar et al., 2014). The 
process of wound healing consists of four stages: 1) hemostasis, 2) inflammation, 3) proliferation, and 4) remodeling 
(Diegelmann and Evans, 2004). Gingival fibroblasts play an important role in the proliferative phase of oral wound 
healing by secreting several growth factors such as transforming growth factor beta (TGF-β) and vascular endothelial 
growth factor (VEGF) (Aukhil, 2000). It has been demonstrated that TGF-β1 play a key role in wound healing process 
such as initiating the inflammation, forming the granulation tissues, and stimulating collagen synthesis and wound 
contraction (Montesano and Orci, 1988; Pakyari et al., 2013). On the other hand VEGF is important for re-
epithelialization, granulation tissue and scar tissue formation during the wound healing (Barrientos et al., 2008). 
Therefore, these two biological molecules are crucial for the healing of wound (Barrientos et al., 2008). 
 Curcumin (diferuloylmethane) belongs to a family of chemicals known as curcuminoids, a major constituent 
in turmeric rhizome responsible for its yellow colour (Sharma et al. , 2004) .  It has been used in India for thousands of 
years as a spice and medicinal herb (Chattopadhyay et al., 2004). Curcumin has anti-inflammatory (Liang et al., 2009), 
anti-oxidant (Meng et al., 2013), anti-bacterial (Tyagi et al., 2015) and anti-carcinogenic properties (Aggarwal et al., 
2004). 
 Curcumin has also been shown to have significant wound healing properties (Akbik et al. , 2014) .  It is 
suggested that curcumin play a role in wound healing by stimulating the production of the growth factors  therefore  
accelerating wound healing (Lopez-Jornet et al. , 2011; Sidhu et al. , 1999) .  Slow delivery of curcumin from collagen 
matrix has been shown to improve dermal wound healing in rats (Gopinath et al., 2004). Biochemical and histological 
analysis showed decreased wound area, enhanced fibroblast proliferation and higher level of antioxidant enzyme in rat 
wounds treated with curcumin incorporated collagen matrix compared with collagen matrix alone (Gopinath et al. , 
2004). Curcumin promoted collagen production and decreased matrix metalloproteinase-9 production in the superficial 
abrasion skin of rats (Bhagavathula et al., 2009). A biodegradable hydrogel system containing curcumin encapsulated 
in micelles enhanced cutaneous wound repair with  increased  tensile strength and  epidermal thickness in incision 
model and enhanced wound closure in excision model (Gong et al., 2013). Curcumin improved the healing process of 
irradiated wounds by decreasing the duration of healing period while enhancing the rate of wound contraction and the 
synthesis of collagen, hexosamine, DNA and nitric oxide (Jagetia and Rajanikant, 2004). 

 Curcumin has also been shown to promote oral wound healing. Recent animal study, demonstrated faster 
wound healing of mucosal oral ulcer at upper labial gingiva in curcumin-treated group in comparison with the control 
group (Lim et al., 2016). In addition, clinical study reported that topical curcumin gel significantly reduced the size of 
minor aphthous ulcers in comparison with placebo. Moreover, curcumin gel decreased pain intensity in these patients 
based on perceived pain rating scale (Manifar et al., 2012). Although curcumin has been shown to promote oral wound 
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healing, the cellular response to curcumin treatment remains unclear. The purpose of this study is to investigate the 
effect of curcumin on the expression of TGF-β1 and VEGF in human gingival fibroblasts. 
 
Objectives of the study 

1. To study the effect of curcumin on human gingival fibroblast viability by MTT assay. 
2.  To study the effect of curcumin on the expression of TGF-β1 and VEGF in human gingival fibroblasts 

by qPCR. 
 
Methodology 

Cell culture 
Human gingival fibroblasts were prepared from healthy gingival tissue explants from patients who were 

undergoing a minor oral surgery such as tooth extraction or surgical removal of third molars for orthodontic reasons . 
The complete consent forms were obtained from the subjects. The study protocol was approved by the Ethics 
Committee of the Faculty of Dentistry, Chulalongkorn University (HREC-DCU 2017-037).  

 The gingival tissue was removed from the cervical third of extracted tooth with scalpel, and then washed 
twice with PBS. The collected gingival tissue was cut into small pieces and placed in tissue culture dishes (60-mm 
dishes) with the Dulbecco’s modified Eagle’s medium (DMEM, Sigma, USA) consisting of 10% Fetal bovine serum 
(FBS, Gibco, USA), 1% L-glutamine (Gibco, USA), and 1% Antibiotic-Antimycotic (Gibco, USA), under the 
humidified atmosphere with 37°C and 5% carbon dioxide. After reaching the confluence, the cells were subcultured 
with 0.125% trypsin (Gibco, USA). During the subculturing, the medium was renewed every 2 days. The cells from 
the third to the fifth passage were used in the experiments. 

 Cell viability assay  
 To study the toxicity of curcumin, human gingival fibroblasts were plated at 5 × 103 cells per well in 96-well 

flat-bottomed tissue culture plates in DMEM with 10% FBS for 24 hours. Next, the medium was replaced with the 
serum-free-DMEM along with 0-50 µM of curcumin and then incubated for another 24 hours. Following incubation, 
cell viability was determined by the MTT assay. When the medium was removed, 100 µL of the MTT solution 
(Invitrogen, USA) was added into each well and incubated for 90 minutes until the formazan crystal formation was 
visible under the microscope. At the end of the incubation period, the MTT solution was removed, and 100 µL of 
DMSO was added to the well and mixed gently to solubilize the formed formazan crystals. Absorbance of the dye was 
measured using a plate reader (EZ Read 400; Biochrom) at a wavelength of 570 nm.  
Cell survival was calculated as follows:                                                     
Percentage of survival = (mean experimental absorbance/mean control absorbance) × 100 
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 Curcumin treatment 
 To study the effect of curcumin on gene expression, human gingival fibroblasts were plated at 6×105 cells per 

plate in tissue culture dishes (60-mm dishes) in DMEM with 10% FBS. On the following day, the cells were washed 
and switched to a starvation medium (serum-free-DMEM) for 24 hours. After that, the cells were treated with 0, 0.1, 1, 
10, 20 µM of curcumin for 24 hours. 

 RNA extraction and Reverse transcription-polymerase chain reaction (RT-PCR) 
 Total RNA was extracted using the Total RNA Mini Kit (Geneaid, Taiwan). The concentration of the RNA 

was determined by measuring the absorbance at 260 and 280 nm with a Thermo Scientific NanoDrop™ 2000 
Spectrophotometer. Two µg of total RNA of each sample was reverse transcribed to single-strand cDNA using Moloney 
Murine Leukemia Virus Reverse Transcriptase (M-MLV RT, Promega, USA) following the manufacturer’s instruction.  

 Real-time PCR assay 
 The amplification of the cDNA template was performed using iTaqTM Universal SYBR® Green Supermix 

(Bio-Rad, USA). The mixture contains 5 µL of using iTaqTM Universal SYBR® Green Supermix (2x), 0.25 µL of each 
primer, 2.5 µL of DNA template. Nuclease-free water was added to a final volume of 10 µL. The PCR program setting 
was at 95°C for 5 min followed by 45 cycles for the amplification phase; each consists of denaturation for 30 sec at 
95°C, annealing for 30 sec at 56°C for GAPDH and 50°C for other genes, and extension for 30 sec at 72°C. The primer 
sequences used for PCR amplification were shown in Table 1. 
 

Table 1   Primer sequences used for PCR 
Gene Primer sequence 

TGF-β1  Forward: 5’-GGATACCAACTATTGCTTCAGCTCC- 3’ 
Reverse:5’-AGGCTCCAAATGTAGGGGCAGGGCC- 3’ 

VEGF Forward: 5’-AGACCCTGGTGGACATCTTC- 3’  
Reverse: 5’-TGCATTCACATTTGTTGTGC- 3’ 

GAPDH Forward: 5’-TGAACGGGAAGCTCACTGG- 3’ 
Reverse: 5’-TCCACCACCCTGTTGCTGTA- 3’ 

  
 Statistical analysis  
 Each experiment was repeated at least 3 times with gingival fibroblasts from 3 different subjects. The data 

were reported as mean ± standard error of the mean (SEM). Statistical analyses were performed using Kruskal-Wallis 
test followed by Mann-Whitney U test. The differences at p < 0.05 were considered as statistically significant.  
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Results 
 Effects of curcumin on the viability of human gingival fibroblasts 

 First, we examined the cytotoxicity of curcumin on human gingival fibroblasts. Figure 1 showed that the 
concentration of curcumin at up to 20 µM caused no change in cell viability whereas the higher concentrations of curcumin at 
30 and 50 µM induced significant dose dependent cytotoxicity (p < 0.05). Thus, the concentration of curcumin at 0-20 µM was 
selected to be used in the subsequent experiments.  

 

 
 
 
 
 
 
 
 
 
 

 
Figure 1  Cytotoxicity of curcumin on human gingival fibroblasts.  Cells were plated at 5 × 103 cells per well in 

96-well plates, then treated with varying concentrations of curcumin or DMSO for 24 hours.  The cell 
viability was measured by MTT assay. The data are the mean ± SEM. *indicates compared to the controlled 
group; p < 0.05. 

 
 Effects of curcumin treatment on the gene expression 
 The expression of TGF-β1 and VEGF was determined by treating human gingival fibroblasts in the presence 
of various curcumin concentrations (0-20 µM) for 24 hours. The results showed that curcumin at the concentrations of 
0.1, 1, 10, and 20 µM dose dependently increased TGF-β1 expression. Treatment with 1 and 10 µM curcumin increased 
VEGF expression.  However, the difference between the curcumin induced gene expression was not statistically 
significant when compared with untreated control (p> 0.05) (Figure 2)  
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Figure 2  The expression of TGF-β1 (A) and VEGF (B) in human gingival fibroblasts in response to curcumin. Cells 
 were plated at 6×105 cells per plate in tissue culture dishes, then treated with varying concentrations of 
 curcumin or DMSO for 24 hours.  The level of genes expression was determined with the real- time PCR. 
 The data are the mean ± SEM.  
 
Discussion and Conclusions 

In this study, we investigated the effect of curcumin on the expression of genes involved in wound healing in 
human gingival fibroblasts including TGF-β1 and VEGF. Our data revealed that curcumin slightly increased TGF-β1 
and VEGF mRNA expression but the induction was not considered statistically significant.Both TGF-β1 and VEGF 
play important role in wound healingstudies the increasing rate of wound healing by the application of exogenous TGF-
β1 (Mustoe et al., 1987; Quaglino et al., 1991; Quaglino et al., 1990). VEGF is a strong positive regulator of 
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angiogenesis to stimulate endothelial cell functions needed for the new blood vessel formation  (Leung et al., 1989). 
The VEGF-A deficient mice showed the delay of the wound closure because of the reduction of the vessel density  
(Rossiter et al., 2004). It has been reported that curcumin enhanced blood vessel formation and promoted wound healing 
by increasing the expression of VEGF and TGF-β1 in granulation tissues of diabetic rats (Kant et al., 2015; Sidhu 
et al., 1999). Another study showed that curcumin enhanced cutaneous wound healing in excision wound model in rats 
by promoting wound contraction and increasing the level of TGF-β1 significantly as compared with control group 
(Prasad et al., 2017). Sharma et al., has also reported that curcumin promoted the healing of indomethacin-induced 
gastric ulceration by increasing of collagenization and angiogenesis via up-regulation the expression of matrix 
metalloproteinase (MMP)-2, TGF-β and VEGF at protein and mRNA levels (Sharma et al., 2012). In addition, TGF-
β1 was enhanced by curcumin treatment in both unimpaired and dexamethasone-impaired wounds in animal model 
(Mani et al., 2002).  

 In contrast, our data revealed that curcumin treatment of gingival fibroblasts culture only slightly increased 
TGF-β1 and VEGF mRNA expression. Similar results were obtained in another study that curcumin has no effect on 
the fibroblast migration after infliction of localized mechanical damage to the cultures (Topman et al., 2013). These 
data suggested that since the in vivo wound healing process involves several cell types migrating into the wound and 
then interacting with each other cells, our in vitro cell culture of single cell type may have some limitations. Regulation 
of gene expression in human gingival fibroblasts during the complex wound healing process may require other signals 
or cellular interaction that we have not included in our in vitro assay. In addition, it is interesting to study the effect of 
curcumin on gene expression in a “wounded” gingival fibroblast culture to mimic the injury to these cells in vivo. 

 Although the results of this study revealed only a slight increase in mRNA expression of TGF-β1 and VEGF 
when stimulated with curcumin, the effect of curcumin on the protein level of these cytokines are unknown. It is possible 
that curcumin may regulate these genes at a different time point or at the post-transcriptional level. Curcumin may also 
affect some other genes involved in wound healing such as collagen type I, epidermal growth factor or keratinocyte 
growth factor. Moreover, the effect of curcumin on acceleration of wound healing in vivo may arise from stimulation 
of other cell types such as macrophage or endothelial cells. 
 In summary, this study reported that curcumin did not significantly alter the mRNA expression of TGF-β1 and VEGF 
in human gingival fibroblasts at 24 hours after treatment. However, further investigations such as an in vitro wound healing 
model that cause damage to the gingival fibroblasts as well as the effect of curcumin on other wound healing-related genes are 
required to understand the mechanism by which curcumin promote wound healing.  
 
Acknowledgements 
 This study was supported by the Graduate Research Grant 2018, National Research Council of Thailand. 
 
 
 
 

846



MMP13-8 

References 
Aggarwal S, Takada Y, Singh S, Myers JN, Aggarwal BB.  Inhibition of growth and survival of human head and neck 
 squamous cell carcinoma cells by curcumin via modulation of nuclear factor-kappaB signaling. International 
 journal of cancer 2004; 111(5): 679-92. 
Akbik D, Ghadiri M, Chrzanowski W, Rohanizadeh R. Curcumin as a wound healing agent. Life sciences 2014; 116(1): 

1-7. 
Aukhil I. Biology of wound healing. Periodontology 2000; 22(1): 44-50. 
Barrientos S, Stojadinovic O, Golinko MS, Brem H, Tomic-Canic M. Growth factors and cytokines in wound healing. 
 Wound repair and regeneration : official publication of the Wound Healing Society [and] the European Tissue 
 Repair Society 2008; 16(5): 585-601. 
Bhagavathula N, Warner RL, DaSilva M, McClintock SD, Barron A, Aslam MN, Johnson KJ, Varani J. A combination 
 of curcumin and ginger extract improves abrasion wound healing in corticosteroid-impaired hairless rat skin. 
 Wound repair and regeneration : official publication of the Wound Healing Society [and] the European Tissue 
 Repair Society 2009; 17(3): 360-6. 
Chattopadhyay I, Biswas K, Bandyopadhyay U, Banerjee RK.  Turmeric and curcumin:  Biological actions and 
 medicinal applications. Current Science-Bangalore 2004; 87: 44-53. 
Diegelmann RF, Evans MC. Wound healing: an overview of acute, fibrotic and delayed healing. Frontiers in bioscience: 

a journal and virtual library 2004; 9: 283-9. 
Gong C, Wu Q, Wang Y, Zhang D, Luo F, Zhao X, Wei Y, Qian Z.  A biodegradable hydrogel system containing 
 curcumin encapsulated in micelles for cutaneous wound healing. Biomaterials 2013; 34(27): 6377-87. 
Gopinath D, Ahmed MR, Gomathi K, Chitra K, Sehgal PK, Jayakumar R.  Dermal wound healing processes with 
 curcumin incorporated collagen films. Biomaterials 2004; 25(10): 1911-7. 
Jagetia GC, Rajanikant GK. Role of curcumin, a naturally occurring phenolic compound of turmeric in accelerating the 
 repair of excision wound, in mice whole-body exposed to various doses of gamma-radiation. The Journal of 
 surgical research 2004; 120(1): 127-38. 
Kant V, Gopal A, Kumar D, Pathak NN, Ram M, Jangir BL, Tandan SK, Kumar D.  Curcumin- induced angiogenesis 
 hastens wound healing in diabetic rats. The Journal of surgical research 2015; 193(2): 978-88. 
Leung DW, Cachianes G, Kuang WJ, Goeddel DV, Ferrara N.  Vascular endothelial growth factor is a secreted 
 angiogenic mitogen. Science 1989; 246(4935): 1306-9. 
Liang G, Yang S, Zhou H, Shao L, Huang K, Xiao J, Huang Z, Li X. Synthesis, crystal structure and anti-inflammatory 
 properties of curcumin analogues. European journal of medicinal chemistry 2009; 44(2): 915-9. 
Lim YS, Kwon SK, Park JH, Cho CG, Park SW, Kim WK.  Enhanced mucosal healing with curcumin in animal oral 
 ulcer model. The Laryngoscope 2016; 126(2): E68-73. 
Lopez-Jornet P, Camacho-Alonso F, Jimenez-Torres MJ, Orduna-Domingo A, Gomez-Garcia F. Topical curcumin for 
 the healing of carbon dioxide laser skin wounds in mice. Photomedicine and laser surgery 2011; 29(12): 

809-14. 

847



MMP13-9 

Mani H, Sidhu GS, Kumari R, Gaddipati JP, Seth P, Maheshwari RK. Curcumin differentially regulates TGF-beta1, its 
 receptors and nitric oxide synthase during impaired wound healing.BioFactors (Oxford, England)2002;  

16(1-2): 29-43. 
Manifar S, Obwaller A, Gharehgozloo A, Boorboor Shirazi Kordi H, Akhondzadeh S.  Curcumin gel in the treatment 
 of minor aphthous ulcer: A randomized, placebo-controlled trial. Journal of Medicinal Plants 2012; 1(41): 

40-5. 
Meng B, Li J, Cao H.  Antioxidant and antiinflammatory activities of curcumin on diabetes mellitus and its 
 complications. Current pharmaceutical design 2013; 19(11): 2101-13. 
Montesano R, Orci L.  Transforming growth factor beta stimulates collagen- matrix contraction by fibroblasts: 
 implications for wound healing.  Proceedings of the National Academy of Sciences of the United States of 
 America 1988; 85(13): 4894-7. 
Mustoe TA, Pierce GF, Thomason A, Gramates P, Sporn MB, Deuel TF.  Accelerated healing of incisional wounds in 
 rats induced by transforming growth factor-beta. Science 1987; 237(4820): 1333-6. 
Pakyari M, Farrokhi A, Maharlooei MK, Ghahary A.  Critical Role of Transforming Growth Factor Beta in Different 
 Phases of Wound Healing. Advances in wound care 2013; 2(5): 215-24. 
Pastar I, Stojadinovic O, Yin NC, Ramirez H, Nusbaum AG, Sawaya A, Patel SB, Khalid L, Isseroff RR, Tomic-Canic 
 M. Epithelialization in Wound Healing: A Comprehensive Review. Advances in wound care 2014; 3(7): 

445-64. 
Prasad R, Kumar D, Kant V, Tandan SK, Kumar D.  Curcumin Enhanced Cutaneous Wound Healing by Modulating 
 Cytokines and Transforming Growth Factor in Excision Wound Model in Rats. Int J Curr Microbiol App Sci
 2017; 6(7): 2263-73. 
Quaglino D, Jr., Nanney LB, Ditesheim JA, Davidson JM. Transforming growth factor-beta stimulates wound healing 
 and modulates extracellular matrix gene expression in pig skin:  incisional wound model.  The Journal of 
 investigative dermatology 1991; 97(1): 34-42. 
Quaglino Jr.  D, Nanney LB, Kennedy R, Davidson JM.  Transforming growth factor-beta stimulates wound healing 
 and modulates extracellular matrix gene expression in pig skin.  I.  Excisional wound model.  Laboratory 
 investigation; a journal of technical methods and pathology 1990; 63(3): 307-19. 
Rossiter H, Barresi C, Pammer J, Rendl M, Haigh J, Wagner EF, Tschachler E.  Loss of vascular endothelial growth 
 factor a activity in murine epidermal keratinocytes delays wound healing and inhibits tumor formation . 
 Cancer research 2004; 64(10): 3508-16. 
Scully C, Shotts R.  Mouth ulcers and other causes of orofacial soreness and pain.  The Western journal of medicine 
 2001; 174(6): 421. 
Sharma RA, Euden SA, Platton SL, Cooke DN, Shafayat A, Hewitt HR, Marczylo TH, Morgan B, Hemingway D,  
 Plummer SM, Pirmohamed M, Gescher AJ, Steward WP. Phase I clinical trial of oral curcumin: biomarkers 
 of systemic activity and compliance. Clinical cancer research : an official journal of the American Association 
 for Cancer Research 2004; 10(20): 6847-54. 

848



MMP13-10 

Sharma AV, Ganguly K, Paul S, Maulik N, Swarnakar S. Curcumin heals indomethacin-induced gastric ulceration by 
 stimulation of angiogenesis and restitution of collagen fibers via VEGF and MMP-2 mediated signaling. 
 Antioxidants & redox signaling 2012; 16(4): 351-62. 
Sidhu GS, Mani H, Gaddipati JP, Singh AK, Seth P, Banaudha KK, Patnaik GK, Maheshwari RK. Curcumin enhances 
 wound healing in streptozotocin induced diabetic rats and genetically diabetic mice.  Wound repair and 
 regeneration :  official publication of the Wound Healing Society [and]  the European Tissue Repair Society 
 1999; 7(5): 362-74. 
Topman G, Lin FH, Gefen A. The natural medications for wound healing - Curcumin, Aloe-Vera and Ginger - do not 
 induce a significant effect on the migration kinematics of cultured fibroblasts.  Journal of biomechanics
 2013; 46(1): 170-4. 
Tyagi P, Singh M, Kumari H, Kumari A, Mukhopadhyay K.  Bactericidal Activity of Curcumin I Is Associated with 
 Damaging of Bacterial Membrane. PLoS ONE 2015; 10(3): e0121313. 
 

849


