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ARTICLE INFO ABSTRACT

Received: E=1 October 25, 2022 Whilst inflammation is a natural response to injury and wear and tear on the body

the associated pain and swelling are clearly problematic for the sufferer. Marin poly-
unsaturated fatty acids, including omega-3, are known to have inflammation-resolv-
ing effects and our previous work has shown the minimally processed whole fish oil,
Citation: Crawford Currie, Christian OmeGo, to significantly reduce type 2, allergic inflammation. As a next step, this pre-
Bjerknes and Bomi Framroze. Prelimi- liminary study used a standard carrageenan-induced rat paw swelling model of (type
1) acute inflammation to assess whether OmeGo could alleviate the paw swelling.
Over the 24-hour period of the study, OmeGo showed a similar impact on paw swell-
ing as active control, the non-steroidal anti-inflammatory drug, diclofenac. Diclofenac
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nary Insights into the Inflammation-Re-
solving Effect of OmeGo, An Enzymat-

ically Liberated Fish Oil, Compared to also markedly reduced the inflammatory cytokines IL-1 and IL-6 whereas OmeGo did
Diclofenac in A Rat Paw Edema Injection not. This suggests that OmeGo’s effects occur through different pathways compared to
Model. Biomed J Sci & Tech Res 47(1)- NSIAD therapy. Further work is planned to further characterise OmeGo’s modulation

of inflammatory pathways and its potential as a pragmatic approach to help resolve

2022. BJSTR. MS.ID.007452. . .
acute inflammation.

Introduction

conditions and pain. However, their prolonged is associated with

Inflammation is a natural response to tissue injury to initiate - . . . . .
significant side effects, including osteoporosis, diabetes, gastro-

tissue repair and regeneration [1]. However, inflammation has . . . . .
intestinal ulceration and bleeding and increased cardiovascular

adverse consequences, including pain and swelling, and if not risk [13,14]. OmeGo is an enzymatically liberated salmon oil
resolved in a timely manner, potential negative consequences to
health [2-4]. Fish oil and Omega-3 fatty acids have been shown

to help the body resolve inflammation via their metabolism into

which contains all 21 omegas and fatty acids present in the oil
fraction of whole fish. Our previous work has shown OmeGo to

lised | d SPMs) [5.61. Th q have antioxidant and anti-inflammatory properties enabling the
specialised pro-resolving mediators s) [5,6]. These mediators . . - . .
p p J ( ) [56] reduction in oxidised LDL in healthy human subjects and the
have been noted to provide clinically important reductions in . L. L .
attenuation of allergic inflammation in preclinical models [15-18].
inflammation in several conditions, including cardiovascular and L . .
The antioxidant action of the oil alone could reasonably be expected
inflammatory lung disease, as well as gynecological disease [7- . .
to also reduce type 1 inflammation. We therefore undertook a
12]. Cortico-steroids and Non-Steroidal Anti-Inflammatory Drugs . e ,
preliminary rat paw injection model to assess OmeGo’s impact on
(NSAID) are used extensively in the management of inflammatory L . .
the resulting inflammation compared to diclofenac.
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Materials and Methods

The study was conducted according to GLP guidelines and
in accordance with the rules and regulations of India where the
study was performed. All the experimental procedures were
done following the guidelines of the Institutional Animals Ethics
Committee (IEAC) and the study was approved by the IEAC prior
to the start of the study. Twenty male Wistar rats were used in the
study and their health status was assessed by a veterinarian on
receipt of the animals. All animals were found to be in good health
and were acclimatised to laboratory conditions prior to the start of
the study. They were fed with a standard pellet diet and water ad
libitum. The animals were divided into four groups of five animals.
The negative control group received 500uL of distilled water. The
other three groups received either 10mg OmeGo (50 mg/kg rat
bodyweight), 50mg OmeGo (250 mg/kg rat bodyweight) or 30mg
(150mg/kg rat body weight) diclofenac sodium, suspended or
dissolved in 500puL distilled water.

Carrageenan-Induced Acute Inflammatory Model

The anti-inflammatory activity of OmeGo compared to
diclofenac was assessed using the carrageenan-induced rat paw
edema assay. Edema was induced by a sub-plantar injection of
100pl of 1% freshly prepared solution of carrageenan in distilled
water into the right-hind paws of each rat. 30 minutes prior to
the carrageenan injection, animals were treated with a single sub-
plantar dose of distilled water, OmeGo or diclofenac, respectively
(doses as above). Paw thickness (volumetric) was measured just
before the carrageenan injection, designated “0 hour” and then at 1,
2,4, and 24 hours after the carrageenan injection. Increase in paw
thickness was measured as the difference in paw thickness at “0
hour” compared to paw thickness at the respective time point. The

measurements were summed, and values given as the mean value

for each group.
Serum Sample Collection of Cytokines

After 24 hours, all animals were sacrificed with cardiovascular
bleeding with the help of diethyl ether according to the guidelines
of CPSCEA committee. Blood was collected for cytokine assay at “0
hour”, “1 hour”, “4 hour” and “24 hour”. Blood samples were left to
coagulate at room temperature for 60 minutes and then centrifuged
at 1500g for 15 minutes and crude serum was stored in new tubes
at-700C until used. On the account of small volumes, blood samples
from each individual rat in the same group were pooled to enable

the blood assays to be performed.
Results
Carrageenan-Induced Acute Inflammatory Model

Injection of carrageenan into the hind paw induced a progressive
edema in the negative control group with an almost 40% increase
in paw thickness from baseline (3.04 + 0.2 cm) to 24 hours (4.25 *
0.3 cm). The increase at each time point was significant (p<0.01). A
similar profile of a progressive increase in swelling was seen in the
low dose OmeGo group with a 27% increase in paw thickness (3.13
+ 0.2 cm at baseline and 3.99 + 0.2 cm at 24 hours). In contrast
to the progressive edema noted in the negative control and low
dose OmeGo groups, the high dose OmeGo group progressive
paw swelling only occurred over the first two hours of the study,
changing from 3.17 # 0.2 cm to 3.57 + 0.1 cm, equivalent to an
increase of 9.5%. Thereafter, the swelling remained stable and was
measured at 3.43 = 0.2 cm at 24 hours. In the diclofenac treated
group an initial increase in paw thickness was observed over
the first hour, from 3.15+ 0.1 cm at baseline to 3.46 + 0.2 cm: an
increase of 10%. Over the following 23 hours paw volume steadily
declined and was fully resolved by the end of the study period in the
diclofenac group (Figure 1).
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Figure 1: Change in paw thickness (cms) over 24-hour study period with 10mg OmeGo, 50mg OmeGo and 30mg diclofenac
compared to control (distilled water). Each group contained 5 rats.

Serum Sample Collection of Cytokines

Pooled serum from each group of rats was analyzed for
cytokines IL-1 and IL-6 and IL-4, IL-5 and IL-13. Marked IL-1
elevations were seen in the negative control and OmeGo groups
and at 24 hours IL-1 levels remained 4-5 times higher than baseline
levels. In contrast, only small increases were seen in the diclofenac
group and at 24 hours IL-1 had returned close to baseline levels.
Consistent with diclofenac’s moderation of IL-1 levels, serum IL-6
returned to baseline levels in the diclofenac-treated group over the
study period. In the negative control and OmeGo groups IL-6 levels
remained markedly elevated with a 4-fold increase compared to
baseline. No clear impact was noted on IL-4, IL-5 & IL-13 over the
duration of the study.

Discussion

In this preliminary study, OmeGo (at 250mg/kg per rat)
demonstrated the potential to help resolve inflammation in a
standard carrageenan-induced acute inflammatory paw edema
model compared to negative control. The reduction in paw volume

was similar to that observed in the diclofenac-treated group. The

carrageenan-induced edema model is a well validated preclinical
test to evaluate anti-inflammatory drugs, both steroidal and non-
steroidal [19]. Carrageenan is highly irritant to subcutaneous
tissues and produces a rapid inflammatory response with
associated swelling. The initial phase is driven by histamine,
serotonin and bradykinin followed by prostaglandins and a variety
of cytokines including TNF, IL-1 and IL-6, resulting in a neutrophil
dominated infiltrate [20]. In this study, serum IL-1 levels in the
diclofenac group returned towards baseline levels after 24 hours
and that IL-6 elevations returned fully to baseline levels. NSAIDs,
including diclofenac, inhibit cyclooxygenase and thereby decrease
prostaglandin production with a decline in inflammatory drivers
including IL-1, IL-6 and TNF. These results are therefore consistent
with the know mode of action of NSAIDs. OmeGo did not impact
serum IL-1 or IL-6 levels. The positive impact of higher dose
OmeGo on paw swelling must have been driven by other actions not
assessed in this exploratory trial. Further, this cytokine result looks
to fit with prior research indicating that fish oil helps the body
resolve inflammation rather than suppressing it [21]. Previous
research with the OmeGo has demonstrated the reduction of
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inflammatory mediators associated with type 2 inflammation [16-
18]. This would be expected to moderate the initial inflammatory
response to carrageenan-induced inflammation. However, OmeGo
must presumably have other inflammatory-modulating effects to
enable the sustained reduction in soft tissue swelling seen over the
duration of the study. We have previously demonstrated that the oil
has significant antioxidant effects.

The release of reactive oxygen species (ROS) from activated
neutrophils and macrophages in acute inflammation is a further
driver of tissue damage and a reduction in ROS has been shown
to reduce tissue swelling [22]. However, in this exploratory
study we did not formally assess ROS levels or other potential
anti-inflammatory effects of the oil. The absence of effect on the
cytokine analysis suggests that OmeGo does not significantly
inhibit cyclooxygenase and prostaglandin production, in contrast
to NSAIDs. Prostaglandins have a role in protecting the gastric
mucosa and maintaining renal perfusion. NSAID use has been noted
to increase the risk of stomach ulceration and negatively impact
kidney function in at risk populations. They also inhibit prostacyclin
production, shifting the coagulation balance within the body
towards thrombosis and a signal of increased risk of cardiovascular
events has been seen with sustained NSAID use. In contrast,
marine omega-3 supplementation has been linked to a reduction
in cardiovascular events [23,24] with important underlying
inflammation-resolving effects [25,26]. In this present study, we
calculate the human equivalent dose at 1.5g [27], well within the
recommended daily intake for fish oil supplementation. Our study
has limitations, which would be expected of preliminary work. It was
planned to give overall insights into inflammation-resolution and
formal statistical analysis was not planned or performed apart from
assessing whether the paw swelling in the control group showed
a significant increase. The low volume of available serum samples
limited the extent of cytokine analysis that could be performed.
Nevertheless, the overall effect of diclofenac was consistent with
its known anti-inflammatory properties confirming the robustness
of positive control and the read-through for the impact of OmeGo
in a standard model of induced inflammation. In summary, in this
carrageenan-induced paw edema model the enzymatically liberated
fish oil OmeGo had an impact on inflammation as a commonly used
NSAID, diclofenac. The accompanying cytokine analysis indicates
that OmeGo achieves this through different pathways compared
to NSAIDs. Further research is planned to elucidate the underlying
actions of the oil and its application to support human and animal
health including the potential to help the repair and resolution of

tissue injury.
Conflicts of Interest

The authors are all employees of Hofseth BioCare, the sponsor
of the study.

Funding
Hofseth BioCare ASA, Kipervikgata 13, Alesund, Norway.

References

1. Cooke JP (2019) Inflammation and Its Role in Regeneration and Repair.
Circ Res 124: 1166-1168.

2. Scrivo R, Vasile M, Bartosiewicz I, Valesini G (2011) Inflammation as
“common soil” of the multifactorial diseases. Autoimmun Rev 10: 369-
374.

3. Rea IM, Gibson DS, McGilligan V, McNerlan SE, Alexander HD, et al.
(2018) Age and Age-Related Diseases: Role of Inflammation Triggers
and Cytokines. Front Immunol 9: 586.

4. Schmid Schonbein GW (2006) Analysis of inflammation. Annu Rev
Biomed Eng 8: 93-131.

5. Calder PC(2013) Omega-3 polyunsaturated fatty acids and inflammatory
processes: nutrition or pharmacology?. Br ] Clin Pharmacol 75: 645-662.

6. Regidor PA, Mueller A, Sailer M, Gonzalez Santos F, Rizo JM, et al. (2020)
Chronic Inflammation in PCOS: The Potential Benefits of Specialized Pro-
Resolving Lipid Mediators (SPMs) in the Improvement of the Resolutive
Response. Int ] Mol Sci 22(1): 384.

7. Dushianthan A, Cusack R, Burgess VA, Grocott MP, Calder P, et al. (2020)
Immunonutrition for Adults With ARDS: Results From a Cochrane
Systematic Review and Meta-Analysis. Respir Care 65(1): 99-110.

8. Duvall MG, Bruggemann TR, Levy BD (2017) Bronchoprotective
mechanisms for specialized pro-resolving mediators in the resolution of
lung inflammation. Mol Aspects Med 58: 44-56.

9. Hu Y, Hu FB, Manson JE (2019) Marine Omega-3 Supplementation and
Cardiovascular Disease: An Updated Meta-Analysis of 13 Randomized
Controlled Trials Involving 127 477 Participants. ] Am Heart Assoc 8:
e013543.

10. Schubert R, Kitz R, Beermann C, Rose MA, Lieb A, et al. (2009) Effect
of n-3 polyunsaturated fatty acids in asthma after low-dose allergen
challenge. Int Arch Allergy Immunol 148: 321-329.

11. Wood LG (2015) Omega-3 polyunsaturated fatty acids and chronic
obstructive pulmonary disease. Curr Opin Clin Nutr Metab Care 18: 128-
132.

12. Drouin G, Rioux V, Legrand P (2019) The n-3 docosapentaenoic acid
(DPA): A new player in the n-3 long chain polyunsaturated fatty acid
family. Biochimie 159: 36-48.

13. Rice JB, White AG, Scarpati LM, Wan G, Nelson WW, et al. (2017) Long-
term Systemic Corticosteroid Exposure: A Systematic Literature Review.
Clin Ther 39: 2216-2229.

14. Shah AA, Fitzgerald D], Murray FE (1999) Non-steroidal anti-
inflammatory drugs (NSAIDs) and gastro-intestinal toxicity: current
issues. Ir ] Med Sci 168: 242-245.

15. Sen NF, Bomi (2013) The Effect of Dietary Oil Capsules on Reducing
Serum Concentrations of Oxidized Low Density Lipoprotein- (2-
Glycoprotein-I Complex. Journal of Nutrition & Food Sciences.

16. Currie C, Framroze B, Singh DP, Sharma D, Bjerknes C, et al. (2022)
Pharmacological evaluation of the effects of enzymatically liberated
fish oil on eosinophilic inflammation in animal models. Biotechnol Appl
Biochem.

17. Framroze B, Heggdal H (2020) An in vitro study to explore the
modulation of eosinophil effector function in human allergic peripheral
blood eosinophils using enzymatically extracted salmonid oil. Functional
Foods in Health and Disease 10(8).

Copyright@ Crawford Currie | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007452.

38158


https://dx.doi.org/10.26717/BJSTR.2022.47.007452
https://pubmed.ncbi.nlm.nih.gov/30973815/
https://pubmed.ncbi.nlm.nih.gov/30973815/
https://pubmed.ncbi.nlm.nih.gov/21195808/
https://pubmed.ncbi.nlm.nih.gov/21195808/
https://pubmed.ncbi.nlm.nih.gov/21195808/
https://pubmed.ncbi.nlm.nih.gov/29686666/
https://pubmed.ncbi.nlm.nih.gov/29686666/
https://pubmed.ncbi.nlm.nih.gov/29686666/
https://pubmed.ncbi.nlm.nih.gov/16834553/
https://pubmed.ncbi.nlm.nih.gov/16834553/
https://pubmed.ncbi.nlm.nih.gov/22765297/
https://pubmed.ncbi.nlm.nih.gov/22765297/
https://pubmed.ncbi.nlm.nih.gov/33396555/
https://pubmed.ncbi.nlm.nih.gov/33396555/
https://pubmed.ncbi.nlm.nih.gov/33396555/
https://pubmed.ncbi.nlm.nih.gov/33396555/
https://pubmed.ncbi.nlm.nih.gov/31506339/
https://pubmed.ncbi.nlm.nih.gov/31506339/
https://pubmed.ncbi.nlm.nih.gov/31506339/
https://pubmed.ncbi.nlm.nih.gov/28455109/
https://pubmed.ncbi.nlm.nih.gov/28455109/
https://pubmed.ncbi.nlm.nih.gov/28455109/
https://pubmed.ncbi.nlm.nih.gov/31567003/
https://pubmed.ncbi.nlm.nih.gov/31567003/
https://pubmed.ncbi.nlm.nih.gov/31567003/
https://pubmed.ncbi.nlm.nih.gov/31567003/
https://pubmed.ncbi.nlm.nih.gov/19001792/
https://pubmed.ncbi.nlm.nih.gov/19001792/
https://pubmed.ncbi.nlm.nih.gov/19001792/
https://pubmed.ncbi.nlm.nih.gov/25581034/
https://pubmed.ncbi.nlm.nih.gov/25581034/
https://pubmed.ncbi.nlm.nih.gov/25581034/
https://pubmed.ncbi.nlm.nih.gov/30716358/
https://pubmed.ncbi.nlm.nih.gov/30716358/
https://pubmed.ncbi.nlm.nih.gov/30716358/
https://pubmed.ncbi.nlm.nih.gov/29055500/
https://pubmed.ncbi.nlm.nih.gov/29055500/
https://pubmed.ncbi.nlm.nih.gov/29055500/
https://pubmed.ncbi.nlm.nih.gov/10624361/
https://pubmed.ncbi.nlm.nih.gov/10624361/
https://pubmed.ncbi.nlm.nih.gov/10624361/
https://www.longdom.org/open-access/the-effect-of-dietary-oil-capsules-on-reducing-serum-concentrations-of-oxidized-low-density-lipoprotein-glycoproteini-complex-2155-9600.1000225.pdf
https://www.longdom.org/open-access/the-effect-of-dietary-oil-capsules-on-reducing-serum-concentrations-of-oxidized-low-density-lipoprotein-glycoproteini-complex-2155-9600.1000225.pdf
https://www.longdom.org/open-access/the-effect-of-dietary-oil-capsules-on-reducing-serum-concentrations-of-oxidized-low-density-lipoprotein-glycoproteini-complex-2155-9600.1000225.pdf
https://pubmed.ncbi.nlm.nih.gov/35353942/
https://pubmed.ncbi.nlm.nih.gov/35353942/
https://pubmed.ncbi.nlm.nih.gov/35353942/
https://pubmed.ncbi.nlm.nih.gov/35353942/
https://www.ffhdj.com/index.php/ffhd/article/view/730
https://www.ffhdj.com/index.php/ffhd/article/view/730
https://www.ffhdj.com/index.php/ffhd/article/view/730
https://www.ffhdj.com/index.php/ffhd/article/view/730

Volume 47- Issue 1

DOI: 10.26717/BJSTR.2022.47.007452

18. Currie C, Framroze B, Singh D, Lea S, Bjerknes C, et al. (2022) Assessing
the Anti-Inflammatory Effects of an Orally Dosed Enzymatically Liberated
Fish Oil in a House Dust Model of Allergic Asthma. Biomedicines 10:
2574.

19. Cong HH, Khaziakhmetova VN, Zigashina LE (2015) Rat paw oedema
modeling and NSAIDs: Timing of effects. Int ] Risk Saf Med 27 Suppl 1:
S76-S77.

20. Loram LC, Fuller A, Fick LG, Cartmell T, Poole S, et al. (2007) Cytokine
profiles during carrageenan-induced inflammatory hyperalgesia in rat
muscle and hind paw. ] Pain 8: 127-136.

21. Serhan CN, Levy BD (2018) Resolvins in inflammation: emergence of the
pro-resolving superfamily of mediators. ] Clin Invest 128: 2657-2669.

22. Halici Z, Dengiz GO, Odabasoglu F, Suleyman H, Cadirci E, et al. (2007)
Amiodarone has anti-inflammatory and anti-oxidative properties: an
experimental study in rats with carrageenan-induced paw edema. Eur
] Pharmacol 566: 215-221.

ISSN: 2574-1241

DOI: 10.26717/BJSTR.2022.47.007452

Crawford Currie. Biomed ] Sci & Tech Res

This work is licensed under Creative
Commons Attribution 4.0 License

©NOI®

Submission Link: https://biomedres.us/submit-manuscript.php

Ov 1 ® <IN

23. Yokoyama M, Origasa H, Matsuzaki M, Matsuzawa Y, Saito Y, et al.
(2007) Effects of eicosapentaenoic acid on major coronary events in
hypercholesterolaemic patients (JELIS): a randomised open-label,
blinded endpoint analysis. Lancet 369: 1090-1098.

24.Bhatt DL, Steg PG, Miller M, Brinton EA, Jacobson TA, et al.
(2019) Cardiovascular Risk Reduction with Icosapent Ethyl for
Hypertriglyceridemia. N Engl ] Med 380: 11-22.

25. Calder PC (2015) Marine omega-3 fatty acids and inflammatory
processes: Effects, mechanisms and clinical relevance. Biochim Biophys
Acta 1851: 469-484.

26. Lobo BW, Lima CK, Teixeira MS, Silva NL, Takiya CM, et al. (2016) Fish oil
attenuates persistent inflammatory pain in rats through modulation of
TNF-a and resolvins. Life Sci 152: 30-37.

27. Nair AB, Jacob S (2016) A simple practice guide for dose conversion
between animals and human. ] Basic Clin Pharm 7: 27-31.

Assets of Publishing with us
BIOMEDICAL

RESEARCHES ¢ Global archiving of articles

B A ¢ Immediate, unrestricted online access

Rigorous Peer Review Process

e Authors Retain Copyrights

%

v [ e Unique DOI for all articles

ISSN: 2574-1241

https://biomedres.us/

Copyright@ Crawford Currie | Biomed ] Sci & Tech Res | BJSTR. MS.ID.007452.

38159


https://dx.doi.org/10.26717/BJSTR.2022.47.007452
https://www.researchgate.net/publication/364328727_Assessing_the_Anti-Inflammatory_Effects_of_an_Orally_Dosed_Enzymatically_Liberated_Fish_Oil_in_a_House_Dust_Model_of_Allergic_Asthma
https://www.researchgate.net/publication/364328727_Assessing_the_Anti-Inflammatory_Effects_of_an_Orally_Dosed_Enzymatically_Liberated_Fish_Oil_in_a_House_Dust_Model_of_Allergic_Asthma
https://www.researchgate.net/publication/364328727_Assessing_the_Anti-Inflammatory_Effects_of_an_Orally_Dosed_Enzymatically_Liberated_Fish_Oil_in_a_House_Dust_Model_of_Allergic_Asthma
https://www.researchgate.net/publication/364328727_Assessing_the_Anti-Inflammatory_Effects_of_an_Orally_Dosed_Enzymatically_Liberated_Fish_Oil_in_a_House_Dust_Model_of_Allergic_Asthma
https://pubmed.ncbi.nlm.nih.gov/26639722/
https://pubmed.ncbi.nlm.nih.gov/26639722/
https://pubmed.ncbi.nlm.nih.gov/26639722/
https://pubmed.ncbi.nlm.nih.gov/16949880/
https://pubmed.ncbi.nlm.nih.gov/16949880/
https://pubmed.ncbi.nlm.nih.gov/16949880/
https://pubmed.ncbi.nlm.nih.gov/29757195/
https://pubmed.ncbi.nlm.nih.gov/29757195/
https://pubmed.ncbi.nlm.nih.gov/17475238/
https://pubmed.ncbi.nlm.nih.gov/17475238/
https://pubmed.ncbi.nlm.nih.gov/17475238/
https://pubmed.ncbi.nlm.nih.gov/17475238/
https://pubmed.ncbi.nlm.nih.gov/17398308/
https://pubmed.ncbi.nlm.nih.gov/17398308/
https://pubmed.ncbi.nlm.nih.gov/17398308/
https://pubmed.ncbi.nlm.nih.gov/17398308/
https://pubmed.ncbi.nlm.nih.gov/30415628/
https://pubmed.ncbi.nlm.nih.gov/30415628/
https://pubmed.ncbi.nlm.nih.gov/30415628/
https://pubmed.ncbi.nlm.nih.gov/25149823/
https://pubmed.ncbi.nlm.nih.gov/25149823/
https://pubmed.ncbi.nlm.nih.gov/25149823/
https://pubmed.ncbi.nlm.nih.gov/27012767/
https://pubmed.ncbi.nlm.nih.gov/27012767/
https://pubmed.ncbi.nlm.nih.gov/27012767/
https://pubmed.ncbi.nlm.nih.gov/27057123/
https://pubmed.ncbi.nlm.nih.gov/27057123/
https://www.itmedicalteam.pl/articles/evaluation-of-target-definition-for-stereotactic-reirradiation-of-recurrent-glioblastoma-102879.html
https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2022.47.007452

