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SUMMARY 

A physiologic wound healing is a complex multi-faceted process regulated by the hemostasis/inflammation, 

proliferation, and remodelling phases. In order to better understand the wound healing mechanism, novel reports 

are published in the literature with in vitro and in vivo wound models. Tissue repair may progress insufficiently in 

autoimmune, diabetic, pressure and burn wounds. In this regard, patients with like these wounds may need to be 

treated with cellular therapy. Regenerative medicine is an interdisciplinary field of study in which life sciences 

apply engineering principles to heal and repair diseased and injured tissues and restore and maintain normal 

function.  Polygonum cognatum Meissn. (P. cognatum) is an antioxidant and antimicrobial perennial wild edible 

plant belonging to the Polygonaceae family that is rich in crude protein, vitamin C and E, carotenoids, Zn, Fe and, 

Mn elements, folic acid. In this review, we aimed to summarize the pharmacological properties of P. cognatum 

and its potential use as a candidate for 3D scaffolds. The literature search from the database PubMed and 

Google Scholar was done for the key word “Polygonum Cognatum” and 15 articles were identified. P. cognatum 

leaves as a 3D tissue scaffold by decellularization may present a unique approach as a skin wound dressing. 

 

ÖZ 

Fizyolojik yara iyileşmesi, hemostaz/iltihap fazı, proliferasyon fazı ve yeniden şekillenme fazı tarafından 

düzenlenen karmaşık, çok yönlü bir süreçtir. Yara iyileşme mekanizmasının daha iyi anlaşılabilmesi için 

literatürde in vitro ve in vivo yara modelleri ile ilgili yeni raporlar yayımlanmaktadır. Otoimmün, diyabetik, bası ve 

yanık yaralarında doku onarımı yetersiz ilerleyebilmektedir. Bu bakımdan bu tür yaraları olan hastaların hücresel 

terapi ile tedavi edilmesi gerekebilmektedir. Rejeneratif tıp, hastalıklı ve yaralı dokuları iyileştirmek ve onarmak, 

normal işlevi eski haline getirmek ve sürdürmek için yaşam bilimlerine mühendislik ilkelerinin uygulandığı 

disiplinler arası bir çalışma alanıdır. Polygonum cognatum Meissn. (P. cognatum), ham protein, vitamin C, E, 

karotenoidler, Zn, Fe ve Mn elementleri, folik asit düzeyleri açısından zengin, antioksidan, antimikrobiyal, idrar 

söktürücü, antidiyabetik, antelmintik ve antifungal özelliklere sahip Polygonaceae familyasına ait çok yıllık yabani 
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yenilebilir bir bitki türüdür. Bu derlemede, P. cognatum'un farmakolojik özelliklerini ve 3 boyutlu yapı iskelelerine 

aday olarak kullanımını incelemeyi amaçladık. “Polygonum Cognatum” anahtar kelimesi için PubMed ve Google 

Scholar veri tabanından literatür taraması yapılmış ve 15 makale tespit edilmiştir. Hücresizleştirme yoluyla bir 3D 

doku iskelesi olarak P. cognatum yaprakları, cilt yara örtüsü olarak özgün bir yaklaşım sunabilir. 
 

 

1. Introduction 

The insufficient wound healing process is 

preceded in the chronic inflammatory 

microenvironment compared to normal wound 

healing. There are studies reporting that three 

dimensional (3D)-printed scaffolds contribute to 

the regeneration of the target region, with or 

without cells, in the insufficient healing of skin 

wounds. In this review, we aimed to summarize 

the potential use of Polygonum Cognatum 

Meissn. (P. cognatum) plant, which has high 

vitamin and protein contents, antioxidant and 

antimicrobial properties, as 3D tissue scaffolds in 

line with its pharmacological properties. The 

literature search was done from the database 

PubMed, Science Direct, and Google Scholar 

with the keywords “Polygonum Cognatum” and 

“Polygonum Cognatum Meissn.” separately and 

691 articles were identified. These articles were 

limited according to clinical, in vivo, and in vitro 

studies published in English and 15 articles were 

evaluated for this review. (Figure 1). 

2. Physiology of Normal and Inflammation 

Wound Healing 

A physiologic wound healing is a complex multi-
faceted process regulated by the 
hemostasis/inflammation phase, the proliferation 
phase, and the remodelling phase (1). After a 
skin injury, the sub-endothelium at injury sites 
activates the tissue factor platelet aggregation, 
resulting in degranulation and the release of 
chemotactic and growth factors to form the clot 
(2). Neutrophils play a beneficial role in wound 
healing by cleaning debris and bacteria in the 
wound site. Subsequently, macrophages 
accumulate in the wound site, facilitating the 
 

 
 

 

PubMed, Science Direct, and Google Scholar were searched for “Polygonum Cognatum” and “ 

Polygonum Cognatum Meissn.” separately. 

 

 

 

 

 

 
691 articles are identified with Pubmed, Science Direct, and Google Scholar search 

 

 

Articles are limited according to clinical, in vivo and in vitro studies published in English 

 

 

 

 

 

15 articles are evaluated in this review 

Figure 1. Literature search for the plant Polygonum cognatum Meissn. 
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phagocytosis of bacteria and damaged tissues. 

Hemostasis and the inflammatory phase are 

usually occurred 72 h to complete (3). In the 

proliferative phase, many cells play a role such 

as fibroblasts, keratinocytes and endothelial cells, 

and granulation tissue is formed to replace the 

original clot formation with the production of 

extracellular matrix (ECM) including hyaluronic 

acid, proteoglycans, elastin and collagen. 

Numerous cytokines and growth factors such as 

the transforming growth factor-β family (TGF-β, 

TGF-β1, TGF-β2 and TGF-β3), interleukin (IL) 

family and angiogenesis factors (vascular 

epidermal growth factor) are produced in the 

proliferative phase (4). The last phase of wound 

healing is the remodelling phase, which requires 

a balance between apoptosis of existent cells 

and the production of new tissue cells. The 

gradual degradation of abundant ECM and 

immature type III collagen produced in the wound 

site and the formation of mature type I collagen 

are critical at this stage. Any aberration in this 

phase can result in excessive wound healing or 

chronic wound formation (5, 6). In order to better 

understand the wound healing mechanism, novel 

reports are published in the literature with in vitro 

and in vivo wound models. Fetal wound healing 

is characterized by the regeneration of the 

normal dermal architecture, including restoration 

of the neurovasculature and dermal appendages. 

Wound healing in fetal skin includes a 

characteristic growth factor and anti-inflammatory 

cytokine profile with a potential role of stem cells, 

and lower inflammatory response and 

biomechanical stress comparing adult wounds. 

Also, fetal skin wound healing has an ECM rich in 

hyaluronic acid and type III collagen. The risk of 

scar formation in wound healing in adults is 

higher compared to fetal skin (6-8). The studies 

reveal the wound healing difference between 

fetal skin and adult skin. The early stage of adult 

wound healing is characterized by an 

inflammatory reaction with the migration of 

neutrophils and macrophages, but inflammation 

is not evident in the fetal skin wound. Studies are 

specified fewer inflammatory cells in the fetal 

wound than in the adult wound (8). Fibroblasts 

are cells that play role in the anti-inflammatory 

phase of wound healing, producing a higher 

proportion of ECM in the fetal wound. The ratio of 

collagen type III to collagen type I is higher in the 

fetal wound. Also, the levels of hyaluronic acid in 

the ECM are higher in the fetal wound comparing 

the adult wound. In contrast to adult wounds, 

myofibroblasts do not appear in fetal wound 

healing. Therefore, further studies of the 

underlying mechanisms of fetal wound healing 

will identify potential drugs that will minimize scar 

formation. In another study, it is reported that 

excessive wound healing such as keloid and the 

hypertrophic scar is related to the pathological 

process including inflammation (9, 10). Reports 

have been published stating that excessive ECM 

deposition occurs through upregulation of 

fibroblast function in purulent-inflammatory 

wounds (11). However, tissue repair may 

progress insufficiently in autoimmune, diabetic, 

pressure and burn wounds.   

3. Applications of Biomaterials in 

Regenerative Medicine 

Regenerative medicine is an interdisciplinary field 

of study in which engineering principles are 

applied to the life sciences to heal and repair 

diseased and injured tissues and restore and 

maintain normal function. Additive manufacturing 

(AM), also known as three-dimensional (3D) 

printing includes various techniques such as 

stereolithography, fused deposition modelling 

(FDM) and selective laser sintering (12). FDM is 

commonly used to process thermoplastic 

polymers (13). 3D printed tissue scaffolds are 

biomaterials that provide a new field of 

application for regenerative medicine which is 

produced with 3D printing technology by 

programming pore sizes and shapes. 3D printed 

scaffolds act as temporary supplements for cells 

until reconstructed the natural extracellular matrix 

ECM. In particular, the development of 3D tissue 

scaffolds and the utilisation of tissue-

biocompatible biomaterials facilitate the medical 

treatments of tissue damaged by trauma or 

disease. In this context, 3D cell culture provides 

much better cell-cell and cell-ECM interactions 

compared to 2D cell culture.  

In this regard, patients with such wounds may 

need to be treated with cellular therapy. 

Advances in tissue engineering have led to the 

production of personalized implants in many 

medical fields. However, host response to 

implanted biomaterials can cause immune 
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rejection. In this context, biomaterials used as 

implants have should be biocompatible, non-

toxic, biodegradable and anti-bacterial properties. 

Patient-specific 3D printed scaffolds can be 

designed to mimic and heal the damaged tissue 

microenvironment in medical applications. 

Natural and synthetic polymers are used to 

manufacture 3D scaffolds. Tissue scaffolds can 

be preferred in pure and copolymer form or 

coated with biological materials. Biomaterials 

from synthetic polymers such as polylactic acid 

(PLA), poly-caprolactone (PCL), polyether-ether-

ketone (PEEK) and thermoplastic polyurethane 

(TPU) can be used to mimic the target tissue in 

tissue engineering. 

4. Pharmacological Properties of Polygonum 

cognatum Meissn. 

Polygonum cognatum Meissn. (P. cognatum) is a 

perennial wild edible plant belonging to the 

Polygonaceae family. In our country, especially at 

the beginning of April, it spreads over a wide 

habitat such as roadsides, cliffs, and agricultural 

areas, especially at 700-3000 m above sea level 

(14). Young shoots and leaves of P. Cognatum 

are used in the traditional treatment of various 

diseases in the central Anatolia region of Turkey. 

According to the literature search, it has been 

reported that P. cognatum is rich in crude protein, 

vitamin C, E, carotenoids, Zn, Fe and, Mn 

elements, folic acid and has antioxidant, 

antimicrobial, diuretic, antidiabetic, anthelmintic 

and antifungal properties (14-24). 

Yıldırım et al., reported that the treatment of P. 

cognatum extract in a rat model of haemorrhoids 

reduced biochemical and histochemical 

destruction in plasma and recto-anal tissue (25). 

In addition, it has been reported that P. 

Cognatum has protective roles in the rat colitis 

model by regulating the activities of antioxidant 

molecules, downregulating colon tissue lesions 

and oxidative stress (26). In another study, it was 

reported that P. cognatum decreased cell viability 

in aggressively progressive Glioblastoma 

multiforme (GBM) cell lines (U87), one of the 

most common types of brain tumors and 

increased the apoptotic activity of doxorubicin 

(27). Parallel to these results, P. cognatum 

showed cytotoxic effects on MCF-7 in vitro, 

whereas these effects were not observed in 

human epithelial cells (28). The use of extracts 

from Polygonum Cognatum Meissn in animal and 

cell models is shown in Table 1.  

 
Table 1. Use of extracts from Polygonum Cognatum Meissn. in animal and cell models. 

Article Extract type 
Target 

cell/tissue/animal/ 
microorganisms 

Results References 

Yildirim 
et al., 
2003 

Ether, Ethanol 
and Water 

Staphylococcus aureus, 
Escherichia coli, Bacillus 

subtilis, and 
Pseudomonas aeruginosa 

in vitro 

Ether and ethanol extracts of P. cognatum 
showed antimicrobial activity against 

Staphylococcus aureus and Bacillus subtilis, 
while water extract did not show any 

antimicrobial activity. 

14 

Cevik et 
al., 2014 

Maceration 
wtih saline 

Colitis rat model 

P. cognatum decreased serum IL-6 and TNF-α, 
MDA levels, GGT and MPO activities and 

increased SOD and CAT activities and GSH 
levels in colitis group. 

26 

Yildirim 
et al., 
2017 

Ethanol Haemorrhoids rat model 
P. cognatum decreased tissue damage and 

MDA levels and increased GSH, CAT, GPx and 
SOD activity in haemorrhoids group. 

25 

Sarac et 
al., 2018 

Water 
MCF-7 and HUVEC cells 

in vitro 

P. cognatum had strong cytotoxic effects on 
MCF-7 cells while no cytotoxic effect was 

observed on human healthy epithelial cells. 
28 

Dereli et 
al., 2018 

n-hexane, 
ethyl acetate 
and methanol 

Syphacia obvelata and 
Aspiculuris tetraptera 
infected mice model 

P. cognatum extracts were found to decrease 
the egg numbers of S. obvelata and A. 

tetraptera. 
18 

Pekdemir 
et al., 
2020 

Ethanol, 
methanol, n-
hexane and 

acetone 

MKN-45, MCF-7 and PC3 
cell lines in vitro 

All four different extracts of P. cognatum had 
cytotoxic effects on MKN-45, MCF-7 and PC3 

cell lines. 
22 

Pehlivan 
et al., 
2020 

Methanol U87 cell line in vitro 
P. cognatum extract decreased the cell viability 

of U87 cells in a time and concentration-
dependent manner. 

27 

IL-6: interleukin-6, TNF-α: tumor necrosis factor alpha, MPO: myeloperoxydase, CAT: catalase, SOD: superoxide dismutase, 
GGT: gamma-glutamyl transferase, MDA: malondialdehyde and GSH: glutathione, GPx: glutathione peroxidase 
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5. Plant-Derived 3D Scaffolds 

In recent years, plant-derived natural polymers 

have been used as an alternative to 3D-printed 

scaffolds produced with animal-derived natural 

products (29,30). There are reports that plant 

polysaccharides including celluloses, 

hemicelluloses and pectins may serve various 

biological functions such as cell-cell 

communication, mitogenesis, and immune 

recognition, in favour of plant-derived 3D 

scaffolds (31). In one study, it was shown that the 

leaf vasculature system can be decellularized 

and used as a 3D tissue scaffold in 

bioengineering applications (32). 3D-printed 

tissue scaffolds produced from plants with anti-

inflammatory properties may be preferred, 

especially in chronic inflammatory diseases such 

as autoimmunity with insufficient wound healing. 

P. cognatum, which has high antioxidant content 

and antimicrobial properties in terms of 

pharmacological properties, is a candidate plant 

species that may be used in the production of 

plant-derived 3D printed scaffolds. 

6. Conclusion 

In this context, examining the anti-inflammatory 

properties of P. cognatum leaves as a 3D tissue 

scaffold by decellularization may present a 

unique approach as a skin wound dressing. In 

addition, the use of decellularized P. cognatum 

leaves as composites with synthetic polymers 

such as PLA, TPU, PEEK and PCL, which have 

been reported to have biocompatible and non-

toxic properties in many studies, may offer a 

unique approach to the field of bioengineering. In 

experimental models with insufficient wound 

healing due to dermal involvement, such as 

systemic sclerosis, 3D decellularized wound 

dressings obtained from P. cognatum leaves are 

predicted to be candidates for future applications. 

 
 
 

REFERENCES 

1. Lindley LE, Stojadinovic O, Pastar I and Tomic-Canic M. Biology and biomarkers for wound healing, Plast Reconstr Surg. 
2010; 138(Suppl. 3):18Se28S. 

2. Gauglitz GG, Korting HC, Pavicic T, Ruzicka T, and Jeschke MG. Hypertrophic scarring and keloids: Pathomechanisms 
and current and emerging treatment strategies, Mol Med. 2011;17:113-25. 

3. Berman B, Maderal A, and Raphael B. Keloids and hypertrophic scars: Pathophysiology, classification and treatment.  
Dermatol Surg. 2017;43 (Suppl. 1):Se18. 

4. Su WH, Cheng MH, Lee WL, Tsou, TS, Chang WH, and Chen CS. Nonsteroidal anti-inflammatory drugs for wounds: Pain 
relief or excessive scar formation? Mediat Inflamm. 2010;2010:413238. 

5. Plikus MV, Guerrero-Juarez CF, Ito M, Li YR, Dedhia PH, and Zheng Y. Regeneration of fat cells from myofibroblasts 
during wound healing. Science. 2010;355:748-52. 

6. Tsai HW, Wang PH, and Tsui KH. Mesenchymal stem cell in wound healing and regeneration. J Chin Med Assoc. 
2018;81:223-4. 

7. Yannas IV, Tzeranis DS, So PTC. Regeneration of injured skin and peripheral nerves requires control of wound 
contraction, not scar formation. Wound Repair Regen. 2017;25:177-91. 

8. Larson BJ, Longaker MT, Lorenz HP. Scarless fetal wound healing: A basic science review. Plast Reconstr Surg. 
2010;126:1172-80. 

9. Ogawa R. Keloid and hypertrophic scars are the result of chronic inflammation in the reticular dermis. Int J Mol Sci. 
2017;18:e606. 

10. Huang C, Akaishi S, Hyakusoku H, Ogawa R. Are keloid and hypertrophic scar different forms of the same disorder? A 
fibro proliferative skin disorder hypothesis based on keloid findings. Int Wound J. 2014;11:517-22. 

11. Cohen BE, Geronemus RG, McDaniel DH, Brauer JA. The role of elastic fibers in scar formation and treatment. Dermatol 
Surg. 2017;43(Suppl.1):S19-24. 

12. De Leon AC, Chen Q, Palaganas N, Palaganas JO, Manapat J, and Advincula RC. High performance polymer 
nanocomposites for additive manufacturing applications. React Funct Polym. 2016;103:141-55. 

13. Alam F, Shukla VR, Varadarajan KM, and Kumar S. Microarchitected polylactic acid (PLA) nanocomposite scaffolds for 
biomedical applications. J Mech Behav Biomed Mater. 2020;103:1035-76. 

14. Yidirim A, Mavi A, Kara AA. Antioxidant and antimicrobial activities of Polygonum cognatum Meissn extracts. J Sci Food 
Agric. 2003;83:64–9. 



 

80 İZTÜ Tıp ve Sağlık Bilimleri Dergisi (IZTU Journal of Medical and Health Sciences) 

15. Cakilcioglu U, Turkoglu I. An ethnobotanical survey of medicinal plants in Sivrice (Elâzığ-Turkey). J Ethnopharmacol. 
2010;132:165–75. 

16. 16.Onen H, Yilar M, Kaya C. Phenoleic composition of madimak (polygonum cognatum meissn.) Plants, 3rd Plant 
Protection Congress, Van, Turkey, 2009 Abstract Book Page 275. 

17. Eruygur N, Ucar E, Atas M, Ergul M, Sozmen F. Determination of biological activity of Tragopogonporrifolius and 
Polygonum cognatum consumed intensively by people in Sivas. ToxicolRep. 2019;7:59-66. 

18. Guragac Dereli FT, Ilhan M, Kozan E, Kupeli Akkol E. Effective eradication of pinworms (Syphacia obvelata and Aspiculuris 
tetraptera) with Polygonum cognatum Meissn. ExpParasitol. 2019;196:63-7. 

19. Hussain F, Ahmad B, Hameed I, Dastagir G, Sanaullah P, Azam S. Antibacterial, antifungal and insecticidal activities of 
some selected medicinal plants of Polygonaceae. Afr J Biotechnol. 2010;9:5032–6. 

20. Pekdemir ME, Pekdemir S, İnci S, Kirbag S, Ciftci M. Thermal, Magnetic Properties and Antimicrobial Effects of Magnetic 
Iron Oxide Nanoparticles Treated with Polygonum cognatum. Iran J SciTechnol Trans Sci. 2021;45:1579–86. 

21. Yilmaz HS, Kaplan M, Kokten K. Determination of The Nutritive Value of Some Weed Species. Türk Tarım ve Doğa 
Bilimleri Dergisi. 2015;2:320–3. 

22. Pekdemir, S, Ciftci M, Karatepe M. Elazığ’da Yetişen Polygonum cognatum Meissn (Madımak) Bitki Ekstraktlarının In vitro 
Biyolojik Aktiviteleri ve Bazı Fitokimyasal Bileşenlerinin Belirlenmesi. European Journal of Science and Technology. 
2020;18:368-78. 

23. Ulusoy H, Acidereli H, Tutar U. Optimization of Extraction Parameters for Fat-Soluble Vitamins and Major Element Analysis 
in Polygonum cognatum Meissn Plant (Madımak). JOTCSA. 2017;4:165–78. 

24. Ulusoy S, Erdogan S, Karaslan MG, Ates B, Ulusoy HI, Erdemoglu, S. Optimization of Extraction Parameters For Folic Acid 
And Antioxidant Compounds From An Edible Plant (Polygonum cognatum Meissn) Using Pressurized Liquid Extraction 
(PLE) System. Cumhuriyet Science Journal. 2020;39:1069-80. 

25. Yildirim BA, Kordali S, Yildirim S, Yildirim F. Protective Effect of Polygonum Cognatum Meissn Ethanolic Extract on 
Experimental Hemorrhoids in Rats. Int J Current Res. 2017;9:46213-18.  

26. Cevik O, Sener A, Ozdemir ZK, Cetinel S, Altintas A, Oba R, et al. Protective and Therapeutic Effects of Polygonum 
cognatum Meissn AqueousExtract in ExperimentalColitis. Marmara Pharmaceutical  J. 2014;18:126-34. 

27. Pehlivan M, Karahan Coven Hİ, Cerci B, Eldem A, Oz T, Savlak N, et al. The Cytotoxic Effect of Polygonium cognatum and 
Chemotherapeutic Effect of Doxorubicin on Glioblastoma Cells. Eur J Ther. 2021;27:50-4. 

28. Sarac H, Dastan T, Demirbas A, Durna Dastan S, Karakoy T, Durukan H. Madımak (Polygonum cognatum Meissn.) Bitki 
Özütlerinin Besin Elementleri ve In Vitro Antikanserojen Aktiviteleri Yönünden Değerlendirilmesi. Ziraat Fakültesi Dergisi. 
2018;1. Uluslararası Tarımsal Yapılar ve Sulama Kongresi Özel Sayısı:340-7. 

29. Mahendiran B, Muthusamy S, Selvakumar R, Rajeswaran N, Sampath S, Jaisankar SN, et al. Decellularized natural 3D 
Cellulose Scaffold Derived from Borassus Flabellifer (Linn.) As Extracellular Matrix For Tissue Engineering Applications. 
Carbohydr Polym. 2021;272:118494. 

30. Cheng YW, Shiwarski DJ, Ball RL, Whitehead KA, Feinberg AW. Engineering Aligned Skeletal Muscle Tissue Using 
Decellularized Plant-Derived Scaffolds. ACS Biomaterials Science and Engineering. 2020;6:3046-54. 

31. Li Q, Niu Y, Xing P and Wang C. Bioactive polysaccharides from natural resources including Chinese medicinal herbs on 
tissue repair. Chin Med. 2018;13:1–11. 

32. Gershlak JR, Hernandez S, Fontana G, Perreault LR, Hansen K J, Larson SA, et al. Crossing kingdoms:Using 
decellularizedplants as perfusable tissue engineering scaffolds. Biomaterials. 2017;125:13−22. 

 

 

 

 

Sorumlu yazar 

Dr. Gamze Gökalp  
SBÜ, İzmir Tepecik Eğitim ve Araştırma Hastanesi  
Çocuk Sağlığı ve Hastalıkları Kliniği,  
e-mail: drgamzegokalp@mynet.com 
Tel: 0 505 216 88 14 

 

 

 

mailto:drgamzegokalp@mynet.com

