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ABSTRACT 
 

Background: X-ray radiation has been widely used in the pharmaceutical 

industry because of its ability to regenerate and repair damaged tissues. 

Objective: In this study, we evaluate the effect of X-ray radiation on the 

secretome cosmeutical product. Methods: We conducted interleukin 10 (IL-

10) analysis by ELISA in each product sample after exposure to X-ray 

radiation. Results: The levels of IL-10 in each sample were significantly 

lower than those in the control samples. Moreover, the level of IL-10 in the 

product samples was significantly higher than that of the control sample. 

Conclusion: In conclusion, exposure to radiation during shipping or storage 

of skin care products can potentially damage the proteins in the products by 

inducing the production of reactive oxygen species (ROS) and decreasing the 

treatment effectiveness.  
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  INTRODUCTION 

 The body's largest organ, the skin, acts as the body's first line of defense against a variety of 

diseases and outside factors that can increase a person's vulnerability to infection and inflammation. 

Skin issues of all kinds, from acute to chronic, are frequently discovered. They might affect the 

structure and function of the skin or cause different skin reactions. In chronic skin disorders such 

infection, inflammation, and ultraviolet (UV) exposure, it is difficult to restore the structure and 

function of the skin, so more effective therapy is needed 1-4. Recently, secretome is a bioactive 

compound used as skin disorders treatment and can improve the condition of skin disorder. 

Therefore, maintaining the secretome level in cosmetic products is very necessary.   

Stem cell-based therapies are still being developed today, particularly for the treatment of 

skin diseases. Mesenchymal stem cells (MSCs), in particular, can release trophic substances that 

promote tissue regeneration and repair tissue injury.  A bioactive substance called secretome is 

secreted by MSCs in conditioned conditions 5,6. It has many growth factors, cytokines, different 

macromolecules, extracellular vesicles, including microvesicles and exosomes, and these substances 

can stimulate a variety of biological processes, particularly in the modulation of the production of 

diverse new tissues. The secretome is one of the options for treating a variety of skin diseases that 

have been widely reported in numerous researches because of its capacity to regenerate and repair 

damaged tissues. As a result, we shall examine the application of secretome in the skin 7-9. 

Many cytokines, including interleukin-10 (IL-10), interleukin-6 (IL-6), and interleukin-1 

(IL-1), as well as growth factors, including transforming growth factor-beta (TGF-β), VEGF, platet-

derived growth factor (PDGF), and hepatocyte growth factor (HGF) are found in secretome hypoxia 

mesenchymal stem cells (S-MSCs), which can prevent UVB hyperpigmentation by decreasing 

melanin. It has been demonstrated that S-MSCs with soluble molecules, such as IL-10 and TGF- β, 

can lower ROS levels, limit the production of melanin, and soothe inflammatory conditions of the 

skin [10], [11]. IL-10 mediates the anti-inflammatory response by controlling the the degree and 

duration of inflammation, and also regulating another cytokines and growth factors at homeostatics 

mechanism [12], [13]. The benefits of delivering S-MSCs over other substances include the fact that 
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melanin. It has been demonstrated that S-MSCs with soluble molecules, such as IL-10 and TGF- β, 

can lower ROS levels, limit the production of melanin, and soothe inflammatory conditions of the skin 
10,11. IL-10 mediates the anti-inflammatory response by controlling the the degree and duration of 

inflammation, and also regulating another cytokines and growth factors at homeostatics mechanism 
12,13. The benefits of delivering S-MSCs over other substances include the fact that S-MSCs are active 

biomolecules without immunogenicity or side effects, and their small molecular size makes it simple 

for them to pass through the skin barrier and into the dermis. S-MSCs have the potential to be used as 

an alternative treatment to stop skin darkening brought on by UVB exposure14. 

 

Product quality testing is necessary to determine the stability of secretome products against 

various physical treatments, including changes in temperature, humidity, and exposure to radiation in 

the form of X-rays15. After being produced, cosmetic products will be distributed to stores before 

reaching consumers. In the distribution process, it is unavoidable that skincare products go through an 

X-ray machine inspection process. We are aware that the soluble chemicals in the secretome, 

particularly the protein IL-10, are sensitive to radiation and changes in the environment.  

 

The daily use of X-ray inspection in the pharmaceutical industry, however, is producing 

mounting proof that inspected medications continue to function as they should, without endangering 

patient safety. However, if pharmaceutical firms still have worries in this area, their X-ray supplier 

should work fast to allay them. X-ray inspection may possess several benefits and enables 

pharmaceutical firms to execute fill level checks, physical contamination checks, presence and 

integrity checks, and other tasks that would otherwise be challenging or time-consuming. The energy 

dosage levels used for these quality assurance procedures are within those that research and 

experience indicate are safe and have no detrimental effects on the product. Thus, by this study we 

will evaluate the effect of x-ray inspection on secretome cosmeutical product. 

 

METHODS 

Cosmeutical Product-containing Secretome Hypoxia-MSC Preparation 

MSCs cultured in serum-free complete medium were incubated under hypoxia conditions in 

the hypoxic chamber maintaining a gas mixture composed of 5% O2 and balanced N2 at 37 °C for 12 

h. MSCs conditioned medium was then collected after 12-hour incubation. The collected MSCs 

conditioned medium was centrifuged at 2000 rpm for 5 minutes to remove cell debris and passed 

through a 0.22-μm filter membrane (Corning, NY, USA) to remove the remaining cell debris. The 

conditioned medium collected then filtered using tangential flow filtration (TFF) using 5 and 300 kDa 

filters. The S-HMSCs were kept at 2-8℃ temperature for next usage. 5% of secretome added in serum 

formulation and then packed in glass bottle. 

 

Xray Scanning 

X-ray Machine Reading In general, how the X-ray machine works is: the serum product to be 

examined enters the inspection tunnel (tunnel system) via a conveyor belt. Next, the serum will be 

inspected and will be detected by a number of light barriers and sensors that will send a signal to the 

control unit to activate X-rays. X-rays will penetrate goods on the conveyor belt with a fan-shaped 

light piece by piece as part of the inspection process for goods to be examined will absorb the light 

emitted by the generator (X-ray generator) and pass the X-rays to the detectors on the two sides of the 

tunnel. The image signal received by the detectors will then be collected part by part and will form an 

image on the monitor screen. The basic principle of X-rays is that they penetrate materials, so 
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different materials will absorb X-rays at different rates. Based on the absorption of X-rays, the colors 

that appear on the X-ray machine monitor screen are divided into 3, namely: 

1. Orange Color This color indicates that the material is organic, such as clothing, leather, paper and 

others. 

2. Green Color This color indicates that the material is inorganic, such as: aluminum, plastic, circuit 

board and others. 

3. Dark Blue This color indicates that the item is metal, such as: iron, steel and others. 

In this study, the object used for analysis was serum product stored in glass packaging, 

because the storage bottle is an inorganic material, based on the absorption of X-rays, the display that 

appears on the X-ray machine monitor screen will appear green. The display on the X-ray machine 

monitor is not clear, but if the officers can carry out operations carefully and are supported by 

expertise and technical knowledge related to the field of beauty products, of course the officers can 

predict the type of fishery product that appears on the X-ray machine monitor screen. 

IL-10 Concentration Analysis 

The concentration of IL-10 pre and post X-Ray irradiation was determined with Enzyme-

Linked Immunoabsorbance Assay (Bioenzy Human IL-10 ELISA, BZ-08122010-EB) based on 

manufacture protocol at 450 nm wavelength. 

 

RESULT 

X-ray radiation decrease IL-10 level in S-MSCs cosmeceutical product 

In this study, the results of IL-10 level in each product were vary after the treatment of X-ray. 

It is known that the highest IL-10 level was found in the serum brightening at 93,82 %, while the 

lowest IL-10 level was found in the hair serum at 49,92 %. Il-10 levels in each product samples were 

decreased dramatically after exposure to X-ray radiation. It is known that the highest decrease was in 

brightening serum products, which was around 48.12%, meanwhile the lowest decrease was in face 

cream products, which was 2.68%.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure. 1. Enzyme Linked Immunosorbent Assay of IL-10 in sample of the; (A) Anti-Aging Serum (B) Acne Care 

Serum, (C) Brightening Serum, (D) Hair Growth Serum, (E) Medicated Gel, (F) Face Cream. The data represent 

mean ± standard deviation. 
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DISCUSSION 

Interleukin 10 (IL-10) is an anti-inflammatory cytokine that plays a key role in regulating 

immune responses. It is produced by various types of immune cells and has been shown to have 

protective effects in a range of diseases and conditions. However, exposure to ionizing radiation, such 

as X-rays, can lead to damage to molecules and cellular structures, including cytokines such as IL-10 
16-18. Furthermore, X-ray radiation can also indirectly damage IL-10 molecules by affecting the 

production and activity of enzymes involved in their synthesis and degradation. Radiation-induced 

oxidative stress can lead to the production of reactive oxygen species (ROS), which can inhibit the 

activity of enzymes that help to synthesize and maintain the stability of IL-10 molecules. This can 

result in a decrease in the amount of IL-10 available in the sample and impair its ability to carry out its 

immune-regulatory functions 19,20. 

 

The mechanism by which X-ray radiation can damage the structure of interleukin 10 (IL-10) 

protein involves the formation of reactive oxygen species (ROS), which are highly reactive molecules 

that can react with and modify proteins and other cellular structures. Radiation damage manifests as 

irreversible aggregation, unfolding, or fragmentation of protein. X-ray can directly break covalent 

bonds. Aqueous solvent in protein sample contributes as the source of radiation damage. When X-ray 

radiation penetrates a biological sample, it can generate ROS by ionizing water molecules and other 

cellular components, free hydroxyl (OH), hydroperoxyl (HO2) radicals, and solvated electrons are 

produced from water photolysis 15,21, which then react with IL-10 molecules. The ROS can cause 

various modifications to the IL-10 protein structure, including the formation of cross-links, the 

introduction of oxidation products, and the breakage of peptide bonds 22,23. The previous study held by 

Jeffries et al. showed that solution additives, such as DTT, ascorbate, and glycerol significantly reduce 

radiation damage of protein samples 21.  

 

These modifications can impair the function of IL-10 by altering its structure and stability, 

affecting its ability to bind to its receptor and carry out its anti-inflammatory functions. For example, 

the formation of cross-links between IL-10 molecules can cause the protein to become insoluble and 

aggregate, which can prevent it from properly interacting with its receptor and impair its biological 

activity 24.  

 

X-ray machines are not typically used in skin care product manufacturing, so there is 

generally no direct effect of X-ray radiation on the proteins in skin care products. However, exposure 

to X-ray radiation during shipping or storage of skin care products can potentially damage the proteins 

or other active ingredients in the product 25. The effect of X-ray radiation on the proteins in skin care 

products depends on the dose and duration of exposure. X-ray radiation can cause damage to the 

proteins in skin care products by inducing the production of reactive oxygen species (ROS), similar to 

the mechanism by which radiation damages proteins in biological tissues. ROS can cause various 

modifications to the protein structure, such as the formation of cross-links, the introduction of 

oxidation products, and the breakage of peptide bonds. These modifications can impair the activity of 

the protein, affecting its efficacy and stability 26,27. 

 

In addition, X-ray radiation can also cause changes in the pH, temperature, and other physical 

conditions of the skin care product, which can further affect the activity of the proteins in the product. 

To prevent damage to skin care products during shipping or storage, it is important to use appropriate 

packaging and storage conditions. For example, products should be stored in a cool, dry place away 

from direct sunlight, and packaging should be designed to protect the product from physical and 

environmental damage28-30. 

 

https://cbsjournal.com/


Antari et al. International Journal of Cell and Biomedical Science (2023) 2: (4) p118-125 
 

122 

 
 © CBS. ISSN: 2829-6621. https://cbsjournal.com 

Potential damage to skin care products during distribution can be minimalized by: 

• Choose the right packaging: Use packaging that is designed to protect the product from damage 

during travel. Consider using airtight containers or sealed bags to protect the product from 

exposure to air, moisture, and other environmental factors. 

• Avoid excessive heat or cold: Exposure to extreme temperatures can damage skin care products 

and alter their texture, consistency, and efficacy. Avoid leaving products in hot cars or exposing 

them to freezing temperatures during travel. 

• Keep products separate: Try to keep skin care products separate from other items in your 

luggage to avoid physical damage, such as being crushed or jostled. 

• Consider a travel-sized version: If you are concerned about the safety of your full-size skin care 

products during travel, consider purchasing travel-sized versions of your favorite products. 

These smaller sizes are often designed to be more portable and less likely to break or leak 

during travel. In general, the risk of significant damage to skin care products during X-ray 

screening at airports is low. However, taking these steps can help to ensure that your products 

arrive at your destination intact and ready to use30-32.  

 

To minimize the risk of damage to skin care products during X-ray inspection, it is 

recommended to take the steps mentioned in the previous answer, such as using appropriate packaging 

and keeping products separate from other items in your luggage. If you are concerned about the safety 

of your skin care products, you may also consider contacting the manufacturer of the product for 

guidance on how to transport and store the product safely. 

 

CONCLUSSION 

 

In summary, X-ray radiation can potentially damage the proteins especially in this case IL-10 

in skin care products during shipping or storage by inducing the production of ROS and causing 

changes in the physical conditions of the product. Proper packaging and storage conditions can help to 

minimize the risk of damage to skin care products during transport and storage. 
 

ACKNOWLEDGEMENT 

This work was supported by PT SCCR Indonesia – Semarang. 

 

CONFLICT OF INTEREST 

The authors have declared no conflict of interest. 

 

AUTHOR CONTRIBUTION 

ADA: writing-review and editing. SSG: writing original draft. SP: writing and editing. EH: performing ELISA 

assay. RA: sample preparation and data analysis. 

 

FUNDING 

None 

 

REFERENCES  

 

1. Abdallah F, Mijouin L, Pichon C. Skin Immune Landscape: Inside and Outside the Organism. 

Mediators Inflamm. 2017;2017:5095293. doi: 10.1155/2017/5095293. Epub 2017 Oct 18. 

PMID: 29180836; PMCID: PMC5664322. 

2. Sharifi-Rad M, Anil Kumar NV, Zucca P, Varoni EM, Dini L, Panzarini E, Rajkovic J, Tsouh 

Fokou PV, Azzini E, Peluso I, Prakash Mishra A, Nigam M, El Rayess Y, Beyrouthy ME, 

Polito L, Iriti M, Martins N, Martorell M, Docea AO, Setzer WN, Calina D, Cho WC and 

https://cbsjournal.com/


Antari et al. International Journal of Cell and Biomedical Science (2023) 2: (4) p118-125 
 

123 

 
 © CBS. ISSN: 2829-6621. https://cbsjournal.com 

Sharifi-Rad J (2020) Lifestyle, Oxidative Stress, and Antioxidants: Back and Forth in the 

Pathophysiology of Chronic Diseases. Front. Physiol. 11:694. doi: 10.3389/fphys.2020.00694 

3. Lin TK, Zhong L, Santiago JL. Anti-Inflammatory and Skin Barrier Repair Effects of Topical 

Application of Some Plant Oils. Int J Mol Sci. 2017 Dec 27;19(1):70. doi: 

10.3390/ijms19010070. PMID: 29280987; PMCID: PMC5796020. 

4. Rodrigues M, Kosaric N, Bonham CA, Gurtner GC. Wound Healing: A Cellular Perspective. 

Physiol Rev. 2019 Jan 1;99(1):665-706. doi: 10.1152/physrev.00067.2017. PMID: 30475656; 

PMCID: PMC6442927. 

5. Damayanti RH, Rusdiana T, Wathoni N. Mesenchymal Stem Cell Secretome for Dermatology 

Application: A Review. Clin Cosmet Investig Dermatol. 2021 Oct 5;14:1401-1412. doi: 

10.2147/CCID.S331044. PMID: 34675575; PMCID: PMC8502696. 

6. Ahangar, P.; Mills, S.J.; Cowin, A.J. Mesenchymal Stem Cell Secretome as an Emerging Cell-

Free Alternative for Improving Wound Repair. Int. J. Mol. Sci. 2020, 21, 7038. 

https://doi.org/10.3390/ijms21197038. 

7. Hade MD, Suire CN, Suo Z. Mesenchymal Stem Cell-Derived Exosomes: Applications in 

Regenerative Medicine. Cells. 2021 Aug 1;10(8):1959. doi: 10.3390/cells10081959. PMID: 

34440728; PMCID: PMC8393426. 

8. Yáñez-Mó M, Siljander PR, Andreu Z, et al. Biological properties of extracellular vesicles and 

their physiological functions. J Extracell Vesicles. 2015 May 14;4:27066. doi: 

10.3402/jev.v4.27066. PMID: 25979354; PMCID: PMC4433489. 

9. Szwedowicz, U.; Łapińska, Z.; Gajewska-Naryniecka, A.; Choromańska, A. Exosomes and 

Other Extracellular Vesicles with High Therapeutic Potential: Their Applications in Oncology, 

Neurology, and Dermatology. Molecules 2022, 27, 1303. https://doi.org. 

10.3390/molecules27041303. 

10. Sziksz E, Pap D, Lippai R, Béres NJ, Fekete A, Szabó AJ, Vannay Á. Fibrosis Related 

Inflammatory Mediators: Role of the IL-10 Cytokine Family. Mediators Inflamm. 

2015;2015:764641. doi: 10.1155/2015/764641. Epub 2015 Jun 24. PMID: 26199463; PMCID: 

PMC4495231. 

11. Al-Mansoori L, Al-Jaber H, Prince MS, Elrayess MA. Role of Inflammatory Cytokines, Growth 

Factors and Adipokines in Adipogenesis and Insulin Resistance. Inflammation. 2022 

Feb;45(1):31-44. doi: 10.1007/s10753-021-01559-z. Epub 2021 Sep 18. PMID: 34536157; 

PMCID: PMC8449520. 

12. Komai T, Inoue M, Okamura T, Morita K, Iwasaki Y, Sumitomo S, Shoda H, Yamamoto K and 

Fujio K (2018) Transforming Growth Factor-β and Interleukin-10 Synergistically Regulate 

Humoral Immunity via Modulating Metabolic Signals. Front. Immunol. 9:1364. doi: 

10.3389/fimmu.2018.01364. 

13. Iyer SS, Cheng G. Role of interleukin 10 transcriptional regulation in inflammation and 

autoimmune disease. Crit Rev Immunol. 2012;32(1):23-63. doi: 

10.1615/critrevimmunol.v32.i1.30. PMID: 22428854; PMCID: PMC3410706. 

14. Azzam EI, Jay-Gerin JP, Pain D. Ionizing radiation-induced metabolic oxidative stress and 

prolonged cell injury. Cancer Lett. 2012 Dec 31;327(1-2):48-60. doi: 

10.1016/j.canlet.2011.12.012. Epub 2011 Dec 17. PMID: 22182453; PMCID: PMC3980444. 

https://cbsjournal.com/
https://doi.org/10.3390/ijms21197038
https://doi.org/


Antari et al. International Journal of Cell and Biomedical Science (2023) 2: (4) p118-125 
 

124 

 
 © CBS. ISSN: 2829-6621. https://cbsjournal.com 

15. Nuszkiewicz J, Woźniak A, Szewczyk-Golec K. Ionizing Radiation as a Source of Oxidative 

Stress-The Protective Role of Melatonin and Vitamin D. Int J Mol Sci. 2020 Aug 

13;21(16):5804. doi: 10.3390/ijms21165804. PMID: 32823530; PMCID: PMC7460937. 

16. Phaniendra A, Jestadi DB, Periyasamy L. Free radicals: properties, sources, targets, and their 

implication in various diseases. Indian J Clin Biochem. 2015 Jan;30(1):11-26. doi: 

10.1007/s12291-014-0446-0. Epub 2014 Jul 15. PMID: 25646037; PMCID: PMC4310837. 

17. Wonhee Cho, Jeongjin Park, Minhee Lee, Seong-Hoo Park, Jaeeun Jung, Jinhak Kim, Sangwon 

Eun, Jinkyung Kim, Gly-Pro-Val-Gly-Pro-Ser Peptide Fish Collagen Improves Skin Moisture 

and Wrinkles with Ameliorated the Oxidative Stress and Pro-inflammatory Factors in Skin 

Photoaging Mimic Models, Preventive Nutrition and Food Science, 

10.3746/pnf.2023.28.1.50, 28, 1, (50-60), (2023). 

18. Mosser DM, Zhang X. Interleukin-10: new perspectives on an old cytokine. Immunol Rev. 2008 

Dec;226:205-18. doi: 10.1111/j.1600-065X.2008.00706.x. PMID: 19161426; PMCID: 

PMC2724982. 

19. Park S, Kim M, Kim JH. Radiation safety for pain physicians: principles and recommendations. 

Korean J Pain. 2022 Apr 1;35(2):129-139. doi: 10.3344/kjp.2022.35.2.129. PMID: 35354676; 

PMCID: PMC8977205. 

20. Panganiban, R.-A.M.; Snow, A.L.; Day, R.M. Mechanisms of Radiation Toxicity in 

Transformed and Non-Transformed Cells. Int. J. Mol. Sci. 2013, 14, 15931-15958. 

https://doi.org/10.3390/ijms140815931 

21. Akbari A, Jelodar G, Nazifi S , Afsar T, Nasiri K. Oxidative Stress as the Underlying 

Biomechanism of Detrimental Outcomes of Ionizing and Non-Ionizing Radiation on Human 

Health: Antioxidant Protective Strategies. Zahedan J Res Med Sci. 

2019;21(4):e85655. https://doi.org/10.5812/zjrms.85655. 

22. Cinelli, P.; Coltelli, M.B.; Signori, F.; Morganti, P.; Lazzeri, A. Cosmetic Packaging to Save the 

Environment: Future Perspectives. Cosmetics 2019, 6, 26. 

https://doi.org/10.3390/cosmetics6020026 

23. Briasco, B.; Capra, P.; Cozzi, A.C.; Mannucci, B.; Perugini, P. Packaging Evaluation Approach 

to Improve Cosmetic Product Safety. Cosmetics 2016, 3, 32. 

https://doi.org/10.3390/cosmetics3030032 

24. Mehta Kunal, C.; Akhilesh, D.; Shyam Kumar, B. Recent Trends in Pharmaceutical Packaging: 

A Review. Int. J. Pharm. Chem. Sci. 2012, 1, 1282–1292. 

25. Piringer, O.G.; Baner, A.L. Plastic Packaging: Interactions with Food and Pharmaceuticals; 

John Wiley & Sons: New York, NY, USA, 2008; Volume 1–2, pp. 1–62. 

26. Brenner M, Hearing VJ. The protective role of melanin against UV damage in human skin. 

Photochem Photobiol. 2008 May-Jun;84(3):539-49. doi: 10.1111/j.1751-1097.2007.00226.x. 

PMID: 18435612; PMCID: PMC2671032. 

27. Amit, S.K., Uddin, M.M., Rahman, R. et al. A review on mechanisms and commercial aspects 

of food preservation and processing. Agric & Food Secur 6, 51 (2017). 

https://doi.org/10.1186/s40066-017-0130-8 

28. KUMTA, U., TAPPEL, A. Radiation Damage to Proteins. Nature 191, 1304–1305 (1961). 

https://doi.org/10.1038/1911304a0 

https://cbsjournal.com/
https://doi.org/10.3390/ijms140815931
https://doi.org/10.5812/zjrms.85655
https://doi.org/10.3390/cosmetics6020026
https://doi.org/10.3390/cosmetics3030032
https://doi.org/10.1186/s40066-017-0130-8
https://doi.org/10.1038/1911304a0


Antari et al. International Journal of Cell and Biomedical Science (2023) 2: (4) p118-125 
 

125 

 
 © CBS. ISSN: 2829-6621. https://cbsjournal.com 

29. Zhang, Rong Ke1,2; Lyu, Jia Hua2; Li, Tao1,2. Effects of Radiation on Protein. Journal of 

Nutritional Oncology 5(3):p 116-122, August 15, 2020. | DOI: 10.34175/jno202003002 

30. Braunstein S, Badura ML, Xi Q, Formenti SC, Schneider RJ. Regulation of protein synthesis by 

ionizing radiation. Mol Cell Biol. 2009 Nov;29(21):5645-56. doi: 10.1128/MCB.00711-09. 

Epub 2009 Aug 24. PMID: 19704005; PMCID: PMC2772731. 

31. Hermansyah, D.., Putra, A., Munir, D. ., Lelo, A., Amalina, N. D., & Alif, I. . (2021). 

Synergistic Effect of Curcuma longa Extract in Combination with Phyllanthus niruri Extract in 

Regulating Annexin A2, Epidermal Growth Factor Receptor, Matrix Metalloproteinases, and 

Pyruvate Kinase M1/2 Signaling Pathway on Breast Cancer Stem Cell. Open Access 

Macedonian Journal of Medical Sciences, 9(A), 271–285. 

https://doi.org/10.3889/oamjms.2021.5941. 

32. Yustianingsih, V., Sumarawati, T., & Putra, A. (2019). Hypoxia enhances self-renewal 

properties and markers of mesenchymal stem cells. Universa Medicina, 38(3), 164–171. 

https://doi.org/10.18051/UnivMed.2019.v38.164-171. 

https://cbsjournal.com/
https://doi.org/10.3889/oamjms.2021.5941

