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Abstract
Biomarkers for the COVID-19 pandemic and other forms of severe critical illness are beneficially affected by generic drugs – 
statins, ACE inhibitors, angiotensin receptor blockers (ARBs) and metformin. These drugs are widely available and affordable 
in low- and middle-income-countries (LMICs). Considered together, they are the only practical way that poor people in these 
countries might be able to reduce pandemic mortality. Combination treatment with these drugs might not affect pandemic viruses 
but by modifying the host response to infection they might save lives. Sadly, WHO and major foundations have not been interested 
in testing this idea. If combination treatment could be shown to work, it could have a remarkable effect on LMIC mortality due 
to any pandemic virus. 
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 The COVID pandemic has receded, but the virus has not 
disappeared. Its impact has been especially severe in low-and 
middle-income (LMIC) countries [1, 2]. Its cost in the first 2-3 
years was nearly 30 trillion dollars. Almost half of these costs were 
generated in the US [3]. High levels of governmental intervention 
have been needed to control its impact [4]. Effective vaccines 
against the SARS-2 virus were developed in less than a year, but a 
WHO program to vaccinate everyone, especially those in LMICs, 
fell short [5]. Effective treatments have also been slow to appear. 
Widespread antiviral treatment, together with vaccination, would 
have been effective in reducing mortality, but in LMICs antivirals 
have been costly and largely unavailable [6]. 

Another approach to reducing mortality in LMICs might have 
been to modify the host response to infection [7, 8]. For more than 
a decade I have worked on this approach to emerging pandemic 
threats [9-12]. The idea has not attracted much attention , despite 
its practicality and the potential benefits of using certain generic 
drugs [statins, ACE inhibitors (ACEis), angiotensin receptor 
blockers (ARBs), and metformin] in LMICs. These drugs are 
widely available and should be affordable. One reason for 
considering them is their almost universal effect on biomarkers of 
critical diseases [13]. 

A biomarker (i.e., biological marker) is a naturally occurring 
molecule, gene, or characteristic that identifies a specific 

pathological or physiological process [13]. It captures what is 
happening in a cell or an organism at a given moment and serves 
as an early warning system for health, not on how an individual 
feels or functions. The FDA-NIH Biomarker Working Group on 
Biomarkers, EndpointS and other Tools (BEST) defines seven 
biomarker categories - susceptibility/risk, diagnostic, monitoring, 
prognostic, predictive, pharmacodynamic/response and safety - 
that can reflect an exposure or therapeutic intervention. Qualified 
biomarkers (not the biomarker measurement method) can reduce 
regulatory uncertainty during drug development. They have 
undergone a formal regulatory process so we can rely on them 
to have specific application in the development and regulatory 
review of a medical product. 

There are many biomarkers for COVID, only some of which 
are listed in Table 1. The references for these biomarkers were 
obtained from PubMed [15-222]. Remarkably, almost all are 
beneficially influenced by generic drugs. (Some biomarkers (e.g., 
sox17, GDF15) have been developed only recently and have not 
been tested.) The table gives references for each generic drug that 
affects each biomarker. They are listed for statins, ACE inhibitors, 
ARBs and metformin. Several critical illnesses [sepsis, acute 
respiratory distress syndrome (ARDS), COVID-19] are also 
affected by these biomarkers. The references are a mix of in vitro 
and in vivo studies and cite mostly observational studies. Only 
articles that show the relationships between each biomarker and 
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each drug are listed. The articles are representative, not central to 
establishing the relationship between the two. 

There are a great many reports of the effectiveness of individual 
generic drugs (monotherapies) in treating COVID patients. 
Many studies (mostly observational) have shown that outpatient 
(preadmission) statin treatments are associated with reduced 
mortality but not all studies have yielded similar results [223-225]. 
Studies of inpatient treatment are no different. Despite a recently 
published RCT showing beneficial results from inpatient statin 
treatment (226), not all RCTs of inpatient treatment have given 
similar results [227]. One reason for this discrepancy is failure 
to consider whether patients continued with statin treatment after 
hospital admission [228]. Outcomes (including mortality) can be 
different in patients whose preadmission statin treatment is not 
continued after hospital admission [229]. 

Outpatient treatment with ACE inhibitors or ARBs has sometimes 
been shown to be beneficial, but not all reports have shown similar 
results [230-233]. One report showed that ACEi/ARB treatment 
had no effect on mortality [234]. Although outpatient treatment 
might not reduce COVID mortality, for patients with more severe 
disease, continuing ARB treatment after hospital admission 
can reduce mortality [235, 236]. For preadmission metformin 
treatment, three recent meta-analyses have come to different 
conclusions. Two showed reductions in mortality but the third one 
did not [237-239]. 

Given the confusing results of different reports of monotherapies, 
it might be worth considering combination treatment (a statin, an 
ARB, and metformin). Surprisingly, no one has yet undertaken 
such a study for COVID. Its benefits for poor people in LMICs are 
obvious; they can ill afford expensive antiviral or other treatments 
and vaccines remain too expensive and are inequitably distributed. 
It is not as though combination treatment hasn’t been tried. In the 
pre-COVID era different drugs combinations were tested against 
hypertension and other cardiovascular diseases  and diabetes 
mellitus [255-264]. In these reports and for the outcomes studied 
(some of which included biomarkers), combination treatment was, 
without exception, better than monotherapy [240-254]. 

Why no one has suggested testing combination generic drug 
treatments for COVID (or other forms of severe critical illness) 
is a question I cannot answer. Neither can I suggest a mechanism 
for how combination treatment might save lives. Generic drug 
treatment might affect overwhelming inflammation, mitochondrial 
dysfunction, or endothelial cell functioning. In all likelihood, 
COVID-related mortality (and all pandemic-related mortality) is 
multifactorial and combination treatment might affect only one of 
many mechanisms (sub phenotypes) [265, 266]. 

No one has stepped up to make a decision to test generic drugs 
for host response treatment – not the World Health Organization 
(WHO) nor major foundations that have been active in pandemic 
preparedness. Treating the host response is the only practical 

approach that might save the lives of poor people who live in 
LMICs because generic drugs are widely available and affordable 
in these countries. Efforts to produce a pandemic vaccine and 
specific treatments in LMICs will not succeed, if only because 
no one knows how to equitably distribute them. When the next 
pandemic strikes, poor people will die as a result. 

Almost all biomarkers for COVID and other critical illnesses 
are beneficially affected by statins, ACE inhibitors, ARBs, and 
metformin. They need to be tested as combination treatment of 
COVID and future pandemics. This approach might save lives no 
matter what the next pandemic virus happens to be. It will do little 
or nothing to counter the virus itself. Instead, in modifying the host 
response to infection it would simply allow people to live. They 
can then be vaccinated or take treatment later on that specifically 
counters the new pandemic virus. The same approach might be 
taken to treat people with severe life-threatening illnesses (e.g., 
sepsis, ARDS). 

There is no good reason not to test these drugs. The indifference 
of WHO and major foundations to testing generic drugs for 
combination treatment is difficult to understand. An agenda for 
this research has been published [12]. People in LMICs should 
insist this be done.       
        
References 
1. Shang, W., Wang, Y., Yuan, J., Guo, Z., Liu, J., & Liu, M. 

(2022). Global excess mortality during COVID-19 pandemic: 
a systematic review and meta-analysis. Vaccines, 10(10), 
1702. 

2. Wang, H., Paulson, K. R., Pease, S. A., Watson, S., Comfort, 
H., Zheng, P., ... & Murray, C. J. (2022). Estimating excess 
mortality due to the COVID-19 pandemic: a systematic 
analysis of COVID-19-related mortality, 2020–21. The 
Lancet, 399(10334), 1513-1536. 

3. Viscusi, W. K. (2023). The global COVID-19 mortality cost 
report card: 2020, 2021, and 2022. Plos one, 18(5), e0284273. 

4. Fernández, D., Giné-Vázquez, I., Morena, M., Koyanagi, 
A. I., Janko, M. M., Haro, J. M., ... & Tyrovolas, S. (2023). 
Government interventions and control policies to contain 
the first COVID-19 outbreak: An analysis of evidence. 
Scandinavian journal of public health, 14034948231156969. 

5. Wong, M. K., Brooks, D. J., Ikejezie, J., Gacic-Dobo, M., 
Dumolard, L., Nedelec, Y., ... & Van Kerkhove, M. D. (2023). 
COVID-19 mortality and progress toward vaccinating older 
adults—World Health Organization, worldwide, 2020–2022. 
Morbidity and Mortality Weekly Report, 72(5), 113. 

6. Matrajt, L., Brown, E. R., Cohen, M. S., Dimitrov, D., & Janes, 
H. (2022). Could widespread use of antiviral treatment curb 
the COVID-19 pandemic? A modeling study. BMC Infectious 
Diseases, 22(1), 1-16. 

7. Zumla, A., Hui, D. S., Azhar, E. I., Memish, Z. A., & 
Maeurer, M. (2020). Reducing mortality from 2019-nCoV: 
host-directed therapies should be an option. The Lancet, 
395(10224), e35-e36. 

doi: 10.3390/vaccines10101702.
doi: 10.3390/vaccines10101702.
doi: 10.3390/vaccines10101702.
doi: 10.3390/vaccines10101702.
doi: 10.1016/S0140-6736(21)02796-3.
doi: 10.1016/S0140-6736(21)02796-3.
doi: 10.1016/S0140-6736(21)02796-3.
doi: 10.1016/S0140-6736(21)02796-3.
doi: 10.1016/S0140-6736(21)02796-3.
doi: 10.1371/journal.pone.0284273
doi: 10.1371/journal.pone.0284273
doi: 10.1177/14034948231156969.
doi: 10.1177/14034948231156969.
doi: 10.1177/14034948231156969.
doi: 10.1177/14034948231156969.
doi: 10.1177/14034948231156969.
doi: 10.15585/mmwr.mm7205a1.
doi: 10.15585/mmwr.mm7205a1.
doi: 10.15585/mmwr.mm7205a1.
doi: 10.15585/mmwr.mm7205a1.
doi: 10.15585/mmwr.mm7205a1.
doi: 10.1186/s12879-022-07639-1.
doi: 10.1186/s12879-022-07639-1.
doi: 10.1186/s12879-022-07639-1.
doi: 10.1186/s12879-022-07639-1.
doi: 10.1016/S0140-6736(20)30305-6.
doi: 10.1016/S0140-6736(20)30305-6.
doi: 10.1016/S0140-6736(20)30305-6.
doi: 10.1016/S0140-6736(20)30305-6.


Volume 9 | Issue 2 | 3J Nur Healthcare, 2024

8. Christie, M. J., Irving, A. T., Forster, S. C., Marsland, B. 
J., Hansbro, P. M., Hertzog, P. J., ... & Nold, M. F. (2021). 
Of bats and men: Immunomodulatory treatment options for 
COVID-19 guided by the immunopathology of SARS-CoV-2 
infection. Science immunology, 6(63), eabd0205. 

9. Fedson, D. S. (2006). Pandemic influenza: a potential role 
for statins in treatment and prophylaxis. Clinical Infectious 
Diseases, 43(2), 199-205. 

10. Fedson, D. S. (2009). Meeting the challenge of influenza 
pandemic preparedness in developing countries. Emerging 
infectious diseases, 15(3), 365. 

11. Fedson, D. S. (2016). Treating the host response to emerging 
virus diseases: lessons learned from sepsis, pneumonia, 
influenza and Ebola. Annals of translational medicine, 4(21). 

12. Fedson, D. S. (2023). Treating COVID-19: Targeting the Host 
Response, Not the Virus. Life, 13(3), 712. 

13. Bhattacharya, J., Booy, R., Casadevall, A., Cruz, C. D., 
Fedson, D. S., Garcia, J. G., ... & Tashiro, M. (2022). A 
practical treatment for COVID‐19 and the next pandemic. 
Pharmacology research & perspectives, 10(4). 

14. Strimbu, K., & Tavel, J. A. (2010). What are biomarkers?. 
Current Opinion in HIV and AIDS, 5(6), 463.

15. Nakagawa, H., Mutoh, T., Kumano, T., & Kuriyama, M. 
(2001). Tyrosine phosphorylation of the catalytic subunit 
p110 of phosphatidylinositol-3 kinase induced by HMG-CoA 
reductase inhibitor inhibits its kinase activity in L6 myoblasts. 
FEBS letters, 508(1), 53-56. 

16. Mulas, O., Caocci, G., Stagno, F., Bonifacio, M., Annunziata, 
M., Luciano, L., ... & La Nasa, G. (2020). Renin angiotensin 
system inhibitors reduce the incidence of arterial thrombotic 
events in patients with hypertension and chronic myeloid 
leukemia treated with second-or third-generation tyrosine 
kinase inhibitors. Annals of Hematology, 99, 1525-1530.  

17. Uemura, H., Ishiguro, H., Nakaigawa, N., Nagashima, Y., 
Miyoshi, Y., Fujinami, K., ... & Kubota, Y. (2003). Angiotensin 
II receptor blocker shows antiproliferative activity in prostate 
cancer cells: a possibility of tyrosine kinase inhibitor of growth 
factor. Molecular cancer therapeutics, 2(11), 1139-1147.

18. Zhang, Q., Zheng, J., Wang, W., Cornett, E. M., Kaye, A. 
D., Urits, I., ... & Wei, F. L. (2022). The anticancer effect of 
metformin combined with epidermal growth factor receptor 
tyrosine kinase inhibitors in non-small cell lung cancer 
patients with or without type 2 diabetes mellitus: A systematic 
review and meta-analysis. Oncology and Therapy, 10(2), 363-
375. 

19. Zhang, Y., Zhang, L., Fan, X., Yang, W., Yu, B., Kou, J., & 
Li, F. (2019). Captopril attenuates TAC-induced heart failure 
via inhibiting Wnt3a/β-catenin and Jak2/Stat3 pathways. 
Biomedicine & Pharmacotherapy, 113, 108780. 

20. Yao, R., Cheng, X., Chen, Y., Xie, J. J., Yu, X., Liao, M. Y., ... 
& Liao, Y. H. (2010). WITHDRAWN: Molecular mechanisms 
of irbesartan suppressing atherosclerosis in high cholesterol-
diet apolipoprotein E knock-out mice. International journal of 
cardiology, 139(2), 113-122.  

21. Rutherford, C., Speirs, C., Williams, J. J., Ewart, M. A., 

Mancini, S. J., Hawley, S. A., ... & Palmer, T. M. (2016). 
Phosphorylation of Janus kinase 1 (JAK1) by AMP-activated 
protein kinase (AMPK) links energy sensing to anti-
inflammatory signaling. Science signaling, 9(453), ra109-
ra109. 

22. Ridker, P. M. (2016). From C-reactive protein to interleukin-6 
to interleukin-1: moving upstream to identify novel targets for 
atheroprotection. Circulation research, 118(1), 145-156. 

23. Schindler, R., Dinarello, C. A., & Koch, K. M. (1995). 
Angiotensin-converting-enzyme inhibitors suppress synthesis 
of tumour necrosis factor and interleukin 1 by human 
peripheral blood mononuclear cells. Cytokine, 7(6), 526-533. 

24. Garg, N., Krishan, P., & Syngle, A. (2021). Angiotensin-
Receptor Blockade Improves Inflammation and Endothelial 
Dysfunction in Ankylosing Spondylitis: ARB-AS Study. 
International Journal of Angiology, 30(04), 262-270. 

25. Maneechotesuwan, K., Wongkajornsilp, A., Adcock, I. M., 
& Barnes, P. J. (2015). Simvastatin suppresses airway IL-17 
and upregulates IL-10 in patients with stable COPD. Chest, 
148(5), 1164-1176.  

26. De Albuquerque, D. A., Saxena, V., Adams, D. E., Boivin, G. 
P., Brunner, H. I., Witte, D. P., & Singh, R. R. (2004). An ACE 
inhibitor reduces Th2 cytokines and TGF-β1 and TGF-β2 
isoforms in murine lupus nephritis. Kidney international, 
65(3), 846-859. 

27. Liu, X., Zhu, X., Wang, A., Fan, H., & Yuan, H. (2009). 
Effects of angiotensin-II receptor blockers on experimental 
autoimmune myocarditis. International journal of cardiology, 
137(3), 282-288. 

28. Shay, A. E., Diwakar, B. T., Guan, B. J., Narayan, V., Urban, J. 
F., & Prabhu, K. S. (2017). IL-4 up-regulates cyclooxygenase-1 
expression in macrophages. Journal of Biological Chemistry, 
292(35), 14544-14555. 

29. Zhang, Y., Zhang, L., Fan, X., Yang, W., Yu, B., Kou, J., & 
Li, F. (2019). Captopril attenuates TAC-induced heart failure 
via inhibiting Wnt3a/β-catenin and Jak2/Stat3 pathways. 
Biomedicine & Pharmacotherapy, 113, 108780. 

30. Peeters, A. C. T. M., Netea, M. G., Kullberg, B. J., Thien, 
T., & Van Der Meer, J. W. M. (1998). The effect of renin–
angiotensin system inhibitors on pro‐and anti‐inflammatory 
cytokine production. Immunology, 94(3), 376-379.

31. Xian, H., Liu, Y., Nilsson, A. R., Gatchalian, R., Crother, 
T. R., Tourtellotte, W. G., ... & Sanchez-Lopez, E. (2021). 
Metformin inhibition of mitochondrial ATP and DNA 
synthesis abrogates NLRP3 inflammasome activation and 
pulmonary inflammation. Immunity, 54(7), 1463-1477.  

32. Perucha, E., Melchiotti, R., Bibby, J. A., Wu, W., Frederiksen, 
K. S., Roberts, C. A., ... & Cope, A. P. (2019). The cholesterol 
biosynthesis pathway regulates IL-10 expression in human 
Th1 cells. Nature communications, 10(1), 498. 

33. Albuquerque, D., Nihei, J., Cardillo, F., & Singh, R. (2010). 
The ACE inhibitors enalapril and captopril modulate cytokine 
responses in Balb/c and C57Bl/6 normal mice and increase 
CD4+ CD103+ CD25negative splenic T cell numbers. 
Cellular immunology, 260(2), 92-97. 

doi: 10.1126/sciimmunol.abd0205.
doi: 10.1126/sciimmunol.abd0205.
doi: 10.1126/sciimmunol.abd0205.
doi: 10.1126/sciimmunol.abd0205.
doi: 10.1126/sciimmunol.abd0205.
doi: 10.1086/505116.
doi: 10.1086/505116.
doi: 10.1086/505116.
doi: 10.3201/eid1503.080857.
doi: 10.3201/eid1503.080857.
doi: 10.3201/eid1503.080857.
doi: 10.21037/atm.2016.11.03.
doi: 10.21037/atm.2016.11.03.
doi: 10.21037/atm.2016.11.03.
doi: 10.3390/life13030712.
doi: 10.3390/life13030712.
doi: 10.1002/prp2.988.
doi: 10.1002/prp2.988.
doi: 10.1002/prp2.988.
doi: 10.1002/prp2.988.
doi: 10.1097/COH.0b013e32833ed177.
doi: 10.1097/COH.0b013e32833ed177.
doi: 10.1016/s0014-5793(01)03021-6.
doi: 10.1016/s0014-5793(01)03021-6.
doi: 10.1016/s0014-5793(01)03021-6.
doi: 10.1016/s0014-5793(01)03021-6.
doi: 10.1016/s0014-5793(01)03021-6.
doi: 10.1007/s00277-020-04102-6.
doi: 10.1007/s00277-020-04102-6.
doi: 10.1007/s00277-020-04102-6.
doi: 10.1007/s00277-020-04102-6.
doi: 10.1007/s00277-020-04102-6.
doi: 10.1007/s00277-020-04102-6.
https://aacrjournals.org/mct/article/2/11/1139/234107/Angiotensin-II-receptor-blocker-shows
https://aacrjournals.org/mct/article/2/11/1139/234107/Angiotensin-II-receptor-blocker-shows
https://aacrjournals.org/mct/article/2/11/1139/234107/Angiotensin-II-receptor-blocker-shows
https://aacrjournals.org/mct/article/2/11/1139/234107/Angiotensin-II-receptor-blocker-shows
https://aacrjournals.org/mct/article/2/11/1139/234107/Angiotensin-II-receptor-blocker-shows
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\. doi: 10.1007\s40487-022-00209-0
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\. doi: 10.1007\s40487-022-00209-0
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\. doi: 10.1007\s40487-022-00209-0
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\. doi: 10.1007\s40487-022-00209-0
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\. doi: 10.1007\s40487-022-00209-0
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\. doi: 10.1007\s40487-022-00209-0
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\. doi: 10.1007\s40487-022-00209-0
doi: 10.1016/j.biopha.2019.108780.
doi: 10.1016/j.biopha.2019.108780.
doi: 10.1016/j.biopha.2019.108780.
doi: 10.1016/j.biopha.2019.108780.
doi: 10.1016/j.ijcard.2008.10.013.
doi: 10.1016/j.ijcard.2008.10.013.
doi: 10.1016/j.ijcard.2008.10.013.
doi: 10.1016/j.ijcard.2008.10.013.
doi: 10.1016/j.ijcard.2008.10.013.
doi: 10.1126/scisignal.aaf8566
doi: 10.1126/scisignal.aaf8566
doi: 10.1126/scisignal.aaf8566
doi: 10.1126/scisignal.aaf8566
doi: 10.1126/scisignal.aaf8566
doi: 10.1126/scisignal.aaf8566
doi: 10.1161/CIRCRESAHA.115.306656.
doi: 10.1161/CIRCRESAHA.115.306656.
doi: 10.1161/CIRCRESAHA.115.306656.
doi: 10.1006/cyto.1995.0071.
doi: 10.1006/cyto.1995.0071.
doi: 10.1006/cyto.1995.0071.
doi: 10.1006/cyto.1995.0071.
doi: 10.1055/s-0040-1722738.
doi: 10.1055/s-0040-1722738.
doi: 10.1055/s-0040-1722738.
doi: 10.1055/s-0040-1722738.
doi: 10.1378/chest.14-3138.
doi: 10.1378/chest.14-3138.
doi: 10.1378/chest.14-3138.
doi: 10.1378/chest.14-3138.
doi: 10.1111/j.1523-1755.2004.00462.x.
doi: 10.1111/j.1523-1755.2004.00462.x.
doi: 10.1111/j.1523-1755.2004.00462.x.
doi: 10.1111/j.1523-1755.2004.00462.x.
doi: 10.1111/j.1523-1755.2004.00462.x.
doi: 10.1016/j.ijcard.2009.09.540.
doi: 10.1016/j.ijcard.2009.09.540.
doi: 10.1016/j.ijcard.2009.09.540.
doi: 10.1016/j.ijcard.2009.09.540.
doi: 10.1074/jbc.M117.785014
doi: 10.1074/jbc.M117.785014
doi: 10.1074/jbc.M117.785014
doi: 10.1074/jbc.M117.785014
doi: 10.1016/j.biopha.2019.108780.
doi: 10.1016/j.biopha.2019.108780.
doi: 10.1016/j.biopha.2019.108780.
doi: 10.1016/j.biopha.2019.108780.
doi: 10.1046/j.1365-2567.1998.00524.x
doi: 10.1046/j.1365-2567.1998.00524.x
doi: 10.1046/j.1365-2567.1998.00524.x
doi: 10.1046/j.1365-2567.1998.00524.x
doi: 10.1016/j.immuni.2021.05.004.
doi: 10.1016/j.immuni.2021.05.004.
doi: 10.1016/j.immuni.2021.05.004.
doi: 10.1016/j.immuni.2021.05.004.
doi: 10.1016/j.immuni.2021.05.004.
doi: 10.1038/s41467-019-08332-9.
doi: 10.1038/s41467-019-08332-9.
doi: 10.1038/s41467-019-08332-9.
doi: 10.1038/s41467-019-08332-9.
doi: 10.1016/j.cellimm.2009.09.006.
doi: 10.1016/j.cellimm.2009.09.006.
doi: 10.1016/j.cellimm.2009.09.006.
doi: 10.1016/j.cellimm.2009.09.006.
doi: 10.1016/j.cellimm.2009.09.006.


Volume 9 | Issue 2 | 4J Nur Healthcare, 2024

34. Zhu, T., Miller, A. G., Deliyanti, D., Berka, D. R., Agrotis, A., 
Campbell, D. J., & Wilkinson‐Berka, J. L. (2015). Prorenin 
stimulates a pro‐angiogenic and pro‐inflammatory response 
in retinal endothelial cells and an M1 phenotype in retinal 
microglia. Clinical and Experimental Pharmacology and 
Physiology, 42(5), 537-548. 

35. Kelly, B., Tannahill, G. M., Murphy, M. P., & O'Neill, L. A. 
(2015). Metformin inhibits the production of reactive oxygen 
species from NADH: ubiquinone oxidoreductase to limit 
induction of interleukin-1β (IL-1β) and boosts interleukin-10 
(IL-10) in lipopolysaccharide (LPS)-activated macrophages. 
Journal of biological chemistry, 290(33), 20348-20359.  

36. Platten, M., Youssef, S., Hur, E. M., Ho, P. P., Han, M. H., 
Lanz, T. V., ... & Steinman, L. (2009). Blocking angiotensin-
converting enzyme induces potent regulatory T cells 
and modulates TH1-and TH17-mediated autoimmunity. 
Proceedings of the National Academy of Sciences, 106(35), 
14948-14953. 

37. Weber, J., Tiriveedhi, V., Takenaka, M., Lu, W., Hachem, 
R., Trulock, E., ... & Mohanakumar, T. (2012). Inhibition 
of renin angiotensin aldosterone system causes abrogation 
of obliterative airways disease through inhibition of tumor 
necrosis factor-α–dependant interleukin-17. The Journal of 
heart and lung transplantation, 31(4), 419-426. 

38. Sumarac-Dumanovic, M., Jeremic, D., Pantovic, A., 
Janjetovic, K., Stamenkovic-Pejkovic, D., Cvijovic, G., 
... & Trajkovic, V. (2013). Therapeutic improvement of 
glucoregulation in newly diagnosed type 2 diabetes patients is 
associated with a reduction of IL-17 levels. Immunobiology, 
218(8), 1113-1118.  

39. González-Herrera, F., Cramer, A., Pimentel, P., Castillo, 
C., Liempi, A., Kemmerling, U., ... & Maya, J. D. (2017). 
Simvastatin attenuates endothelial activation through 
15-epi-lipoxin A4 production in murine chronic Chagas 
cardiomyopathy. Antimicrobial agents and chemotherapy, 
61(3), 10-1128. 

40. Andersson, P., Bratt, J., Heimbürger, M., Cederholm, T., & 
Palmblad, J. (2014). Inhibition of Neutrophil‐Dependent 
Cytotoxicity for Human Endothelial Cells by ACE Inhibitors. 
Scandinavian Journal of Immunology, 80(5), 339-345. 

41. Chen, Q. F., Kuang, X. D., Yuan, Q. F., Hao, H., Zhang, T., 
Huang, Y. H., & Zhou, X. Y. (2018). Lipoxin A4 attenuates 
LPS-induced acute lung injury via activation of the ACE2-
Ang-(1-7)-Mas axis. Innate immunity, 24(5), 285-296. 

42. Wang, D., Liu, J., Zhong, L., Ding, L., Zhang, Q., Yu, M., 
... & Xiao, X. (2022). Potential benefits of metformin 
and pioglitazone combination therapy via gut microbiota 
and metabolites in high-fat diet-fed mice. Frontiers in 
Pharmacology, 13, 1004617. 

43. Su, J., Fang, M., Tian, B., Luo, J., Jin, C., Wang, X., ... & 
Li, X. (2018). Atorvastatin protects cardiac progenitor cells 
from hypoxia-induced cell growth inhibition via MEG3/miR-
22/HMGB1 pathway. Acta Biochimica et Biophysica Sinica, 
50(12), 1257-1265. 

44. Qi, Y. F., Zhang, J., Wang, L., Shenoy, V., Krause, E., Oh, S. P., 

... & Raizada, M. K. (2016). Angiotensin-converting enzyme 
2 inhibits high-mobility group box 1 and attenuates cardiac 
dysfunction post-myocardial ischemia. Journal of molecular 
medicine, 94, 37-49. 

45. Hagiwara, S., Iwasaka, H., Hidaka, S., Hasegawa, A., Koga, 
H., & Noguchi, T. (2009). Antagonist of the type-1 ANG II 
receptor prevents against LPS-induced septic shock in rats. 
Intensive care medicine, 35, 1471-1478. 

46. Sun, B., Ying, S., Ma, Q., Li, H., Li, J., & Song, J. (2023). 
Metformin ameliorates HMGB1-mediated oxidative stress 
through mTOR pathway in experimental periodontitis. Genes 
& Diseases, 10(2), 542-553. 

47. Kario, K., Matsuo, T., Hoshide, S., Kobayashi, H., Sakata, T., 
Mizuno, O., ... & Shimada, K. (1999). Lipid-lowering therapy 
corrects endothelial cell dysfunction in a short time but does 
not affect hypercoagulable state even after long-term use in 
hyperlipidemic patients. Blood coagulation & fibrinolysis, 
10(5), 269-276. 

48. Gibbs, C. R., Blann, A. D., Watson, R. D., & Lip, G. Y. (2001). 
Abnormalities of hemorheological, endothelial, and platelet 
function in patients with chronic heart failure in sinus rhythm: 
Effects of angiotensin-converting enzyme inhibitor and 
β-blocker therapy. Circulation, 103(13), 1746-1751. 

49. Leu, H. B., Charng, M. J., & Ding, P. Y. A. (2004). A double 
blind randomized trial to compare the effects of eprosartan 
and enalapril on blood pressure, platelets, and endothelium 
function in patients with essential hypertension. Japanese 
Heart Journal, 45(4), 623-635. 

50. Charles, M. A., Morange, P., Eschwège, E. V. E. L. I. N. E., 
André, P. H. I. L. I. P. P. E., Vague, P. H. I. L. I. P. P. E., & 
Juhan-Vague, I. R. È. N. E. (1998). Effect of weight change 
and metformin on fibrinolysis and the von Willebrand factor in 
obese nondiabetic subjects: the BIGPRO1 Study. Biguanides 
and the Prevention of the Risk of Obesity. Diabetes care, 
21(11), 1967-1972. 

51. La Mura, V., Gagliano, N., Arnaboldi, F., Sartori, P., Procacci, 
P., Denti, L., ... & Peyvandi, F. (2022). Simvastatin prevents 
liver microthrombosis and sepsis induced coagulopathy in a 
rat model of endotoxemia. Cells, 11(7), 1148. 

52. Perico, L., Morigi, M., Galbusera, M., Pezzotta, A., Gastoldi, 
S., Imberti, B., ... & Remuzzi, G. (2022). SARS-CoV-2 
spike protein 1 activates microvascular endothelial cells and 
complement system leading to platelet aggregation. Frontiers 
in immunology, 13, 827146.  

53. Makris, T. K., Stavroulakis, G. A., Krespi, P. G., Hatzizacharias, 
A. N., Triposkiadis, F. K., Tsoukala, C. G., ... & Kyriakidis, 
M. K. (2000). Fibrinolytic/hemostatic variables in arterial 
hypertension: response to treatment with irbesartan or 
atenolol. American journal of hypertension, 13(7), 783-788. 

54. Prasad, S., Sajja, R. K., Kaisar, M. A., Park, J. H., Villalba, H., 
Liles, T., ... & Cucullo, L. (2017). Role of Nrf2 and protective 
effects of Metformin against tobacco smoke-induced 
cerebrovascular toxicity. Redox biology, 12, 58-69.  

55. Skogastierna, C., Björkhem-Bergman, L., Bergman, P., 
Eliasson, E., Rane, A., & Ekström, L. (2013). Influence of 

doi: 10.1111/1440-1681.12376.
doi: 10.1111/1440-1681.12376.
doi: 10.1111/1440-1681.12376.
doi: 10.1111/1440-1681.12376.
doi: 10.1111/1440-1681.12376.
doi: 10.1111/1440-1681.12376.
doi: 10.1074/jbc.M115.662114.
doi: 10.1074/jbc.M115.662114.
doi: 10.1074/jbc.M115.662114.
doi: 10.1074/jbc.M115.662114.
doi: 10.1074/jbc.M115.662114.
doi: 10.1074/jbc.M115.662114.
doi: 10.1073/pnas.0903958106
doi: 10.1073/pnas.0903958106
doi: 10.1073/pnas.0903958106
doi: 10.1073/pnas.0903958106
doi: 10.1073/pnas.0903958106
doi: 10.1073/pnas.0903958106
doi: 10.1016/j.healun.2011.12.012.
doi: 10.1016/j.healun.2011.12.012.
doi: 10.1016/j.healun.2011.12.012.
doi: 10.1016/j.healun.2011.12.012.
doi: 10.1016/j.healun.2011.12.012.
doi: 10.1016/j.healun.2011.12.012.
doi: 10.1016/j.imbio.2013.03.002
doi: 10.1016/j.imbio.2013.03.002
doi: 10.1016/j.imbio.2013.03.002
doi: 10.1016/j.imbio.2013.03.002
doi: 10.1016/j.imbio.2013.03.002
doi: 10.1016/j.imbio.2013.03.002
doi: 10.1128/AAC.02137-16.
doi: 10.1128/AAC.02137-16.
doi: 10.1128/AAC.02137-16.
doi: 10.1128/AAC.02137-16.
doi: 10.1128/AAC.02137-16.
doi: 10.1128/AAC.02137-16.
doi: 10.1111/sji.12218.
doi: 10.1111/sji.12218.
doi: 10.1111/sji.12218.
doi: 10.1111/sji.12218.
doi: 10.1177/1753425918785008.
doi: 10.1177/1753425918785008.
doi: 10.1177/1753425918785008.
doi: 10.1177/1753425918785008.
doi: 10.3389/fphar.2022.1004617.
doi: 10.3389/fphar.2022.1004617.
doi: 10.3389/fphar.2022.1004617.
doi: 10.3389/fphar.2022.1004617.
doi: 10.3389/fphar.2022.1004617.
doi: 10.1093/abbs/gmy133.
doi: 10.1093/abbs/gmy133.
doi: 10.1093/abbs/gmy133.
doi: 10.1093/abbs/gmy133.
doi: 10.1093/abbs/gmy133.
doi: 10.1007/s00109-015-1356-1.
doi: 10.1007/s00109-015-1356-1.
doi: 10.1007/s00109-015-1356-1.
doi: 10.1007/s00109-015-1356-1.
doi: 10.1007/s00109-015-1356-1.
doi: 10.1007/s00134-009-1545-x.
doi: 10.1007/s00134-009-1545-x.
doi: 10.1007/s00134-009-1545-x.
doi: 10.1007/s00134-009-1545-x.
doi: 10.1016/j.gendis.2021.06.003.
doi: 10.1016/j.gendis.2021.06.003.
doi: 10.1016/j.gendis.2021.06.003.
doi: 10.1016/j.gendis.2021.06.003.
doi: 10.1097/00001721-199907000-00008.
doi: 10.1097/00001721-199907000-00008.
doi: 10.1097/00001721-199907000-00008.
doi: 10.1097/00001721-199907000-00008.
doi: 10.1097/00001721-199907000-00008.
doi: 10.1097/00001721-199907000-00008.
doi: 10.1161/01.cir.103.13.1746.
doi: 10.1161/01.cir.103.13.1746.
doi: 10.1161/01.cir.103.13.1746.
doi: 10.1161/01.cir.103.13.1746.
doi: 10.1161/01.cir.103.13.1746.
doi: 10.1536/jhj.45.623.
doi: 10.1536/jhj.45.623.
doi: 10.1536/jhj.45.623.
doi: 10.1536/jhj.45.623.
doi: 10.1536/jhj.45.623.
doi: 10.2337/diacare.21.11.1967.
doi: 10.2337/diacare.21.11.1967.
doi: 10.2337/diacare.21.11.1967.
doi: 10.2337/diacare.21.11.1967.
doi: 10.2337/diacare.21.11.1967.
doi: 10.2337/diacare.21.11.1967.
doi: 10.2337/diacare.21.11.1967.
doi: 10.3390/cells11071148.
doi: 10.3390/cells11071148.
doi: 10.3390/cells11071148.
doi: 10.3390/cells11071148.
doi: 10.3389/fimmu.2022.827146.
doi: 10.3389/fimmu.2022.827146.
doi: 10.3389/fimmu.2022.827146.
doi: 10.3389/fimmu.2022.827146.
doi: 10.3389/fimmu.2022.827146.
http://Makris, T. K., Stavroulakis, G. A., Krespi, P. G., Hatzizacharias, A. N., Triposkiadis, F. K., Tsouk
http://Makris, T. K., Stavroulakis, G. A., Krespi, P. G., Hatzizacharias, A. N., Triposkiadis, F. K., Tsouk
http://Makris, T. K., Stavroulakis, G. A., Krespi, P. G., Hatzizacharias, A. N., Triposkiadis, F. K., Tsouk
http://Makris, T. K., Stavroulakis, G. A., Krespi, P. G., Hatzizacharias, A. N., Triposkiadis, F. K., Tsouk
http://Makris, T. K., Stavroulakis, G. A., Krespi, P. G., Hatzizacharias, A. N., Triposkiadis, F. K., Tsouk
doi: 10.1016/j.redox.2017.02.007.
doi: 10.1016/j.redox.2017.02.007.
doi: 10.1016/j.redox.2017.02.007.
doi: 10.1016/j.redox.2017.02.007.
doi: 10.1097/FJC.0b013e3182734508.
doi: 10.1097/FJC.0b013e3182734508.


Volume 9 | Issue 2 | 5J Nur Healthcare, 2024

simvastatin on the thromboxane and prostacyclin pathways, 
in vitro and in vivo. Journal of cardiovascular pharmacology, 
61(1), 1-7. 

56. Kudo, K., Abe, K., Chiba, S., Sato, M., Yasujima, M., Kohzuki, 
M., ... & Yoshinaga, K. (1988). Role of thromboxane A2 in 
the hypotensive effect of captopril in essential hypertension. 
Hypertension, 11(2), 147-152. 

57. Reid, J. L. (2005). Molecular-specific effects of angiotensin 
II antagonists: clinical relevance to treating hypertension?. 
Journal of the Renin-Angiotensin-Aldosterone System, 6(1), 
15-24. 

58. Matsumoto, T., Noguchi, E., Ishida, K., Kobayashi, T., 
Yamada, N., & Kamata, K. (2008). Metformin normalizes 
endothelial function by suppressing vasoconstrictor 
prostanoids in mesenteric arteries from OLETF rats, a model 
of type 2 diabetes. American Journal of Physiology-Heart and 
Circulatory Physiology, 295(3), H1165-H1176. 

59. He, F., Zhao, J., Liang, Y., & Guo, R. (2014). Effects of 
rosuvastatin on fibrinolytic system of human umbilical vein 
endothelial cells in vitro. The American Journal of the Medical 
Sciences, 348(4), 319-323. 

60. Ekström, M., Liska, J., Eriksson, P., Sverremark-Ekström, 
E., & Tornvall, P. (2012). Stimulated in vivo synthesis of 
plasminogen activator inhibitor-1 in human adipose tissue. 
Thrombosis and haemostasis, 108(09), 485-492.  

61. Goodfield, N. E., Newby, D. E., Ludlam, C. A., & Flapan, 
A. D. (1999). Effects of acute angiotensin II type 1 receptor 
antagonism and angiotensin converting enzyme inhibition on 
plasma fibrinolytic parameters in patients with heart failure. 
Circulation, 99(23), 2983-2985. 

62. De Jager, J., Kooy, A., Schalkwijk, C., Van Der Kolk, J., 
Lehert, P., Bets, D., ... & Stehouwer, C. D. A. (2014). Long‐
term effects of metformin on endothelial function in type 2 
diabetes: a randomized controlled trial. Journal of internal 
medicine, 275(1), 59-70.

63. Takase, B., Hattori, H., Tanaka, Y., Nagata, M., & Ishihara, 
M. (2013). Pitavastatin subacutely improves endothelial 
function and reduces inflammatory cytokines and chemokines 
in patients with hypercholesterolaemia. Heart Asia, 5(1), 204. 

64. Holzwirth, E., Fischer-Schaepmann, T., Obradovic, D., von 
Lucadou, M., Schwedhelm, E., Daum, G., ... & Büttner, P. 
(2022). Anti-inflammatory HDL effects are impaired in atrial 
fibrillation. Heart and Vessels, 37(1), 161-171.  

65. Nabah, Y. N. A., Mateo, T., Cerdá-Nicolás, M., Alvarez, A., 
Martinez, M., Issekutz, A. C., & Sanz, M. J. (2005). L-NAME 
induces direct arteriolar leukocyte adhesion, which is mainly 
mediated by angiotensin-II. Microcirculation, 12(5), 443-453. 

66. Omi, H., Okayama, N., Shimizu, M., Okouchi, M., Ito, S., 
Fukutomi, T., & Itoh, M. (2002). Participation of high glucose 
concentrations in neutrophil adhesion and surface expression 
of adhesion molecules on cultured human endothelial cells: 
effect of antidiabetic medicines. Journal of Diabetes and its 
Complications, 16(3), 201-208.  

67. de Faria, C. A., Zanette, D. L., Silva, W. A., & Ribeiro-Paes, 
J. T. (2019). PAI-1 inhibition by simvastatin as a positive 

adjuvant in cell therapy. Molecular biology reports, 46, 1511-
1517. 

68. Vaughan, D. E., De Taeye, B. M., & Eren, M. (2007). PAI-
1 antagonists: predictable indications and unconventional 
applications. Current drug targets, 8(9), 962-970. 

69. Koh, K. K., Chung, W. J., Ahn, J. Y., Han, S. H., Kang, 
W. C., Seo, Y. H., ... & Shin, E. K. (2004). Angiotensin II 
type 1 receptor blockers reduce tissue factor activity and 
plasminogen activator inhibitor type-1 antigen in hypertensive 
patients: a randomized, double-blind, placebo-controlled 
study. Atherosclerosis, 177(1), 155-160.

70. Ersoy, C., Kiyici, S., Budak, F., Oral, B., Guclu, M., Duran, C., 
... & Imamoglu, S. (2008). The effect of metformin treatment 
on VEGF and PAI-1 levels in obese type 2 diabetic patients. 
Diabetes research and clinical practice, 81(1), 56-60. 

71. Nette, A. F., Abraham, G., Ungemach, F. R., Oertel, R., 
Kirch, W., Leineweber, K., ... & Dhein, S. (2005). Interaction 
between simvastatin and metoprolol with respect to 
cardiac β-adrenoceptor density, catecholamine levels and 
perioperative catecholamine requirements in cardiac surgery 
patients. Naunyn-Schmiedeberg's archives of pharmacology, 
372, 115-124. 

72. Lymperopoulos, A., Borges, J. I., Carbone, A. M., Cora, N., 
& Sizova, A. (2021). Cardiovascular angiotensin II type 1 
receptor biased signaling: Focus on non-Gq-, non-βarrestin-
dependent signaling. Pharmacological Research, 174, 
105943. 

73. Dabul, S., Bathgate-Siryk, A., Valero, T. R., Jafferjee, M., 
Sturchler, E., McDonald, P., ... & Lymperopoulos, A. (2015). 
Suppression of adrenal βarrestin1-dependent aldosterone 
production by ARBs: head-to-head comparison. Scientific 
reports, 5(1), 8116. 

74. Ibrahim, W. S., Ahmed, H. M., Mahmoud, A. A., Mahmoud, 
M. F., & Ibrahim, I. A. H. (2021). Propranolol and low-
dose isoproterenol ameliorate insulin resistance, enhance 
β-arrestin2 signaling, and reduce cardiac remodeling in high-
fructose, high-fat diet-fed mice: Comparative study with 
metformin. Life Sciences, 286, 120055.  

75. Koushki, K., Shahbaz, S. K., Mashayekhi, K., Sadeghi, M., 
Zayeri, Z. D., Taba, M. Y., ... & Sahebkar, A. (2021). Anti-
inflammatory action of statins in cardiovascular disease: 
the role of inflammasome and toll-like receptor pathways. 
Clinical reviews in allergy & immunology, 60, 175-199. 

76. Ding, L. H., Liu, D., Xu, M., Liu, H., Wu, M., Tang, R. N., 
... & Liu, B. C. (2014). Enalapril inhibits tubulointerstitial 
inflammation and NLRP3 inflammasome expression in BSA-
overload nephropathy of rats. Acta pharmacologica Sinica, 
35(10), 1293-1301.  

77. Lin, W. Y., Li, L. H., Hsiao, Y. Y., Wong, W. T., Chiu, H. 
W., Hsu, H. T., ... & Hua, K. F. (2022). Repositioning of the 
Angiotensin II Receptor Antagonist Candesartan as an Anti-
Inflammatory Agent With NLRP3 Inflammasome Inhibitory 
Activity. Frontiers in Immunology, 13, 870627.  

78. Yang, F., Qin, Y., Wang, Y., Meng, S., Xian, H., Che, H., 
... & Wang, L. (2019). Metformin inhibits the NLRP3 

doi: 10.1097/FJC.0b013e3182734508.
doi: 10.1097/FJC.0b013e3182734508.
doi: 10.1097/FJC.0b013e3182734508.
doi: 10.1161/01.hyp.11.2.147.
doi: 10.1161/01.hyp.11.2.147.
doi: 10.1161/01.hyp.11.2.147.
doi: 10.1161/01.hyp.11.2.147.
doi: 10.3317/jraas.2005.002.
doi: 10.3317/jraas.2005.002.
doi: 10.3317/jraas.2005.002.
doi: 10.3317/jraas.2005.002.
doi: 10.1152/ajpheart.00486.2008
doi: 10.1152/ajpheart.00486.2008
doi: 10.1152/ajpheart.00486.2008
doi: 10.1152/ajpheart.00486.2008
doi: 10.1152/ajpheart.00486.2008
doi: 10.1152/ajpheart.00486.2008
doi: 10.1097/MAJ.0000000000000251.
doi: 10.1097/MAJ.0000000000000251.
doi: 10.1097/MAJ.0000000000000251.
doi: 10.1097/MAJ.0000000000000251.
doi: 10.1160/TH11-11-0822
doi: 10.1160/TH11-11-0822
doi: 10.1160/TH11-11-0822
doi: 10.1160/TH11-11-0822
doi: 10.1161/01.cir.99.23.2983.
doi: 10.1161/01.cir.99.23.2983.
doi: 10.1161/01.cir.99.23.2983.
doi: 10.1161/01.cir.99.23.2983.
doi: 10.1161/01.cir.99.23.2983.
doi: 10.1111/joim.12128
doi: 10.1111/joim.12128
doi: 10.1111/joim.12128
doi: 10.1111/joim.12128
doi: 10.1111/joim.12128
doi: 10.1136/heartasia-2013-010368.
doi: 10.1136/heartasia-2013-010368.
doi: 10.1136/heartasia-2013-010368.
doi: 10.1136/heartasia-2013-010368.
doi: 10.1007/s00380-021-01908-w
doi: 10.1007/s00380-021-01908-w
doi: 10.1007/s00380-021-01908-w
doi: 10.1007/s00380-021-01908-w
doi: 10.1080/10739680590960962
doi: 10.1080/10739680590960962
doi: 10.1080/10739680590960962
doi: 10.1080/10739680590960962
doi: 10.1016/s1056-8727(01)00163-5
doi: 10.1016/s1056-8727(01)00163-5
doi: 10.1016/s1056-8727(01)00163-5
doi: 10.1016/s1056-8727(01)00163-5
doi: 10.1016/s1056-8727(01)00163-5
doi: 10.1016/s1056-8727(01)00163-5
doi: 10.1007/s11033-018-4562-4.
doi: 10.1007/s11033-018-4562-4.
doi: 10.1007/s11033-018-4562-4.
doi: 10.1007/s11033-018-4562-4.
doi: 10.2174/138945007781662364.
doi: 10.2174/138945007781662364.
doi: 10.2174/138945007781662364.
doi: 10.1016/j.atherosclerosis.2004.07.008
doi: 10.1016/j.atherosclerosis.2004.07.008
doi: 10.1016/j.atherosclerosis.2004.07.008
doi: 10.1016/j.atherosclerosis.2004.07.008
doi: 10.1016/j.atherosclerosis.2004.07.008
doi: 10.1016/j.atherosclerosis.2004.07.008
doi: 10.1016/j.diabres.2008.02.006.
doi: 10.1016/j.diabres.2008.02.006.
doi: 10.1016/j.diabres.2008.02.006.
doi: 10.1016/j.diabres.2008.02.006.
doi: 10.1007/s00210-005-0005-6.
doi: 10.1007/s00210-005-0005-6.
doi: 10.1007/s00210-005-0005-6.
doi: 10.1007/s00210-005-0005-6.
doi: 10.1007/s00210-005-0005-6.
doi: 10.1007/s00210-005-0005-6.
doi: 10.1007/s00210-005-0005-6.
doi: 10.1016/j.phrs.2021.105943.
doi: 10.1016/j.phrs.2021.105943.
doi: 10.1016/j.phrs.2021.105943.
doi: 10.1016/j.phrs.2021.105943.
doi: 10.1016/j.phrs.2021.105943.
doi: 10.1038/srep08116
doi: 10.1038/srep08116
doi: 10.1038/srep08116
doi: 10.1038/srep08116
doi: 10.1038/srep08116
doi: 10.1016/j.lfs.2021.120055.
doi: 10.1016/j.lfs.2021.120055.
doi: 10.1016/j.lfs.2021.120055.
doi: 10.1016/j.lfs.2021.120055.
doi: 10.1016/j.lfs.2021.120055.
doi: 10.1016/j.lfs.2021.120055.
doi: 10.1007/s12016-020-08791-9.
doi: 10.1007/s12016-020-08791-9.
doi: 10.1007/s12016-020-08791-9.
doi: 10.1007/s12016-020-08791-9.
doi: 10.1007/s12016-020-08791-9.
doi: 10.1038/aps.2014.66
doi: 10.1038/aps.2014.66
doi: 10.1038/aps.2014.66
doi: 10.1038/aps.2014.66
doi: 10.1038/aps.2014.66
doi: 10.3389/fimmu.2022.870627
doi: 10.3389/fimmu.2022.870627
doi: 10.3389/fimmu.2022.870627
doi: 10.3389/fimmu.2022.870627
doi: 10.3389/fimmu.2022.870627
doi: 10.7150/ijbs.29680.
doi: 10.7150/ijbs.29680.


Volume 9 | Issue 2 | 6J Nur Healthcare, 2024

inflammasome via AMPK/mTOR-dependent effects in 
diabetic cardiomyopathy. International journal of biological 
sciences, 15(5), 1010. 

79. Dehnavi, S., Kiani, A., Sadeghi, M., Biregani, A. F., Banach, 
M., Atkin, S. L., ... & Sahebkar, A. (2021). Targeting AMPK 
by statins: a potential therapeutic approach. Drugs, 81(8), 
923-933. 

80. Moon, J. H., Jeong, J. K., Hong, J. M., Seol, J. W., & Park, S. Y. 
(2019). Inhibition of autophagy by captopril attenuates prion 
peptide-mediated neuronal apoptosis via AMPK activation. 
Molecular neurobiology, 56, 4192-4202.  

81. Said, E. S., Elsayed, A. M., Rashed, L. A., Nadwa, E. H., 
Alsuhaibani, N. A., Alfuraih, B. S., & Mahmoud, R. H. 
(2021). Evaluation of nootropic activity of telmisartan and 
metformin on diazepam-induced cognitive dysfunction 
in mice through AMPK pathway and amelioration of 
hippocampal morphological alterations. European Journal of 
Pharmacology, 912, 174511. 

82. Kaneto, H., Kimura, T., Obata, A., Shimoda, M., & Kaku, 
K. (2021). Multifaceted mechanisms of action of metformin 
which have been unraveled one after another in the long 
history. International Journal of Molecular Sciences, 22(5), 
2596. 

83. Yamashita, M., Otsuka, F., Mukai, T., Yamanaka, R., Otani, H., 
Matsumoto, Y., ... & Makino, H. (2010). Simvastatin inhibits 
osteoclast differentiation induced by bone morphogenetic 
protein-2 and RANKL through regulating MAPK, AKT and 
Src signaling. Regulatory peptides, 162(1-3), 99-108.  

84. Fernández-Campo, L., Grande, M. T., Diego, J., Fuentes-
Calvo, I., Macias-Nunez, J. F., Sánchez-Rodríguez, A., 
... & Martínez-Salgado, C. (2009). Effect of different 
antihypertensive treatments on Ras, MAPK and Akt activation 
in hypertension and diabetes. Clinical science, 116(2), 165-
173. 

85. Ishizawa, K., Yoshizumi, M., Tsuchiya, K., Takishita, E., 
Nakaya, Y., Kishi, K., ... & Tamaki, T. (2001). Effects of 
losartan in combination with or without exercise on insulin 
resistance in Otsuka Long–Evans Tokushima Fatty rats. 
European journal of pharmacology, 430(2-3), 359-367. 

86. Lu, G., Wu, Z., Shang, J., Xie, Z., & Chen, C. (2021). 
The effects of metformin on autophagy. Biomedicine & 
Pharmacotherapy, 137, 111286. 

87. Cohen, E. B. T., Hohensinner, P. J., Kaun, C., Maurer, G., 
Huber, K., & Wojta, J. (2007). Statins decrease TNF-α-
induced osteoprotegerin production by endothelial cells and 
smooth muscle cells in vitro. Biochemical pharmacology, 
73(1), 77-83. 

88. Stenvinkel, P., Andersson, P., Wang, T., Lindholm, B., 
Bergström, J., Palmblad, J., ... & Cederholm, T. (1999). Do 
ACE‐inhibitors suppress tumour necrosis factor‐α production 
in advanced chronic renal failure?. Journal of internal 
medicine, 246(5), 503-507. 

89. Kadiyska, T., Tourtourikov, I., Dabchev, K., Cherneva, R., 
Stoynev, N., Hadjiolova, R., ... & Zoumpourlis, V. (2022). 
Role of endothelial dysfunction in the severity of COVID 19 

infection. Molecular Medicine Reports, 26(5), 1-7. 
90. Huang, N. L., Chiang, S. H., Hsueh, C. H., Liang, Y. J., 

Chen, Y. J., & Lai, L. P. (2009). Metformin inhibits TNF-α-
induced IκB kinase phosphorylation, IκB-α degradation and 
IL-6 production in endothelial cells through PI3K-dependent 
AMPK phosphorylation. International journal of cardiology, 
134(2), 169-175. 

91. Mausner-Fainberg, K., Luboshits, G., Mor, A., Maysel-
Auslender, S., Rubinstein, A., Keren, G., & George, J. (2008). 
The effect of HMG-CoA reductase inhibitors on naturally 
occurring CD4+ CD25+ T cells. Atherosclerosis, 197(2), 829-
839. 

92. Li, H. Q., Zhang, Q., Chen, L., Yin, C. S., Chen, P., Tang, 
J., ... & Hu, L. Q. (2015). Captopril inhibits maturation of 
dendritic cells and maintains their tolerogenic property in 
atherosclerotic rats. International immunopharmacology, 
28(1), 715-723. 

93. Platten, M., Youssef, S., Hur, E. M., Ho, P. P., Han, M. H., 
Lanz, T. V., ... & Steinman, L. (2009). Blocking angiotensin-
converting enzyme induces potent regulatory T cells 
and modulates TH1-and TH17-mediated autoimmunity. 
Proceedings of the National Academy of Sciences, 106(35), 
14948-14953. 

94. Duan, W., Ding, Y., Yu, X., Ma, D., Yang, B., Li, Y., ... & 
Yang, C. (2019). Metformin mitigates autoimmune insulitis 
by inhibiting Th1 and Th17 responses while promoting Treg 
production. American journal of translational research, 11(4), 
2393.

95. Sorathia, N., Al-Rubaye, H., & Zal, B. (2019). The effect 
of statins on the functionality of CD4+ CD25+ FOXP3+ 
regulatory T-cells in acute coronary syndrome: a systematic 
review and meta-analysis of randomised controlled trials in 
Asian populations. European Cardiology Review, 14(2), 123.  

96. Riddiough, G. E., Walsh, K. A., Fifis, T., Kastrappis, G., 
Tran, B. M., Vincan, E., ... & Perini, M. V. (2022). Captopril, 
a Renin–Angiotensin System Inhibitor, Attenuates Tumour 
Progression in the Regenerating Liver Following Partial 
Hepatectomy. International Journal of Molecular Sciences, 
23(9), 5281. 

97. Song, J., Xia, Y., Yan, X., Luo, J., Jiang, C., Zhang, M., ... 
& Zhu, W. (2019). Losartan accelerates the repair process of 
renal fibrosis in UUO mouse after the surgical recanalization 
by upregulating the expression of Tregs. International 
Urology and Nephrology, 51, 2073-2081. 

98. Duan, W., Ding, Y., Yu, X., Ma, D., Yang, B., Li, Y., ... & 
Yang, C. (2019). Metformin mitigates autoimmune insulitis 
by inhibiting Th1 and Th17 responses while promoting Treg 
production. American journal of translational research, 11(4), 
2393. 

99. Waldeck-Weiermair, M., Yadav, S., Kaynert, J., Thulabandu, 
V. R., Pandey, A. K., Spyropoulos, F., ... & Michel, T. (2022). 
Differential endothelial hydrogen peroxide signaling via Nox 
isoforms: Critical roles for Rac1 and modulation by statins. 
Redox Biology, 58, 102539.  

100. Sharma, G. P., Fish, B. L., Frei, A. C., Narayanan, J., 

doi: 10.7150/ijbs.29680.
doi: 10.7150/ijbs.29680.
doi: 10.7150/ijbs.29680.
doi: 10.1007/s40265-021-01510-4.
doi: 10.1007/s40265-021-01510-4.
doi: 10.1007/s40265-021-01510-4.
doi: 10.1007/s40265-021-01510-4.
doi: 10.1007/s12035-018-1370-8.
doi: 10.1007/s12035-018-1370-8.
doi: 10.1007/s12035-018-1370-8.
doi: 10.1007/s12035-018-1370-8.
doi: 10.1016/j.ejphar.2021.174511.
doi: 10.1016/j.ejphar.2021.174511.
doi: 10.1016/j.ejphar.2021.174511.
doi: 10.1016/j.ejphar.2021.174511.
doi: 10.1016/j.ejphar.2021.174511.
doi: 10.1016/j.ejphar.2021.174511.
doi: 10.1016/j.ejphar.2021.174511.
doi: 10.3390/ijms22052596.
doi: 10.3390/ijms22052596.
doi: 10.3390/ijms22052596.
doi: 10.3390/ijms22052596.
doi: 10.3390/ijms22052596.
doi: 10.1016/j.regpep.2010.03.003.
doi: 10.1016/j.regpep.2010.03.003.
doi: 10.1016/j.regpep.2010.03.003.
doi: 10.1016/j.regpep.2010.03.003.
doi: 10.1016/j.regpep.2010.03.003.
doi: 10.1042/CS20080119
doi: 10.1042/CS20080119
doi: 10.1042/CS20080119
doi: 10.1042/CS20080119
doi: 10.1042/CS20080119
doi: 10.1042/CS20080119
doi: 10.1016/s0014-2999(01)01405-4.
doi: 10.1016/s0014-2999(01)01405-4.
doi: 10.1016/s0014-2999(01)01405-4.
doi: 10.1016/s0014-2999(01)01405-4.
doi: 10.1016/s0014-2999(01)01405-4.
doi: 10.1016/j.biopha.2021.111286.
doi: 10.1016/j.biopha.2021.111286.
doi: 10.1016/j.biopha.2021.111286.
doi: 10.1016/j.bcp.2006.09.007.
doi: 10.1016/j.bcp.2006.09.007.
doi: 10.1016/j.bcp.2006.09.007.
doi: 10.1016/j.bcp.2006.09.007.
doi: 10.1016/j.bcp.2006.09.007.
doi: 10.1046/j.1365-2796.1999.00560.x.
doi: 10.1046/j.1365-2796.1999.00560.x.
doi: 10.1046/j.1365-2796.1999.00560.x.
doi: 10.1046/j.1365-2796.1999.00560.x.
doi: 10.1046/j.1365-2796.1999.00560.x.
doi: 10.3892/mmr.2022.12867.
doi: 10.3892/mmr.2022.12867.
doi: 10.3892/mmr.2022.12867.
doi: 10.3892/mmr.2022.12867.
doi: 10.1016/j.ijcard.2008.04.010.
doi: 10.1016/j.ijcard.2008.04.010.
doi: 10.1016/j.ijcard.2008.04.010.
doi: 10.1016/j.ijcard.2008.04.010.
doi: 10.1016/j.ijcard.2008.04.010.
doi: 10.1016/j.ijcard.2008.04.010.
doi: 10.1016/j.atherosclerosis.2007.07.031.
doi: 10.1016/j.atherosclerosis.2007.07.031.
doi: 10.1016/j.atherosclerosis.2007.07.031.
doi: 10.1016/j.atherosclerosis.2007.07.031.
doi: 10.1016/j.atherosclerosis.2007.07.031.
doi: 10.1016/j.intimp.2015.05.052.'
doi: 10.1016/j.intimp.2015.05.052.'
doi: 10.1016/j.intimp.2015.05.052.'
doi: 10.1016/j.intimp.2015.05.052.'
doi: 10.1016/j.intimp.2015.05.052.'
doi: 10.1073/pnas.0903958106
doi: 10.1073/pnas.0903958106
doi: 10.1073/pnas.0903958106
doi: 10.1073/pnas.0903958106
doi: 10.1073/pnas.0903958106
doi: 10.1073/pnas.0903958106
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6511786/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6511786/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6511786/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6511786/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6511786/
doi: 10.15420/ecr.2019.9.2.
doi: 10.15420/ecr.2019.9.2.
doi: 10.15420/ecr.2019.9.2.
doi: 10.15420/ecr.2019.9.2.
doi: 10.15420/ecr.2019.9.2.
doi: 10.3390/ijms23095281.
doi: 10.3390/ijms23095281.
doi: 10.3390/ijms23095281.
doi: 10.3390/ijms23095281.
doi: 10.3390/ijms23095281.
doi: 10.3390/ijms23095281.
doi: 10.1007/s11255-019-02253-8.
doi: 10.1007/s11255-019-02253-8.
doi: 10.1007/s11255-019-02253-8.
doi: 10.1007/s11255-019-02253-8.
doi: 10.1007/s11255-019-02253-8.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6511786/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6511786/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6511786/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6511786/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6511786/
doi: 10.1016/j.redox.2022.102539.
doi: 10.1016/j.redox.2022.102539.
doi: 10.1016/j.redox.2022.102539.
doi: 10.1016/j.redox.2022.102539.
doi: 10.1016/j.redox.2022.102539.
doi: 10.1016/j.ijrobp.2022.01.023


Volume 9 | Issue 2 | 7J Nur Healthcare, 2024

Gasperetti, T., Scholler, D., ... & Himburg, H. A. (2022). 
Pharmacologic ACE-inhibition mitigates radiation-induced 
pneumonitis by suppressing ACE-expressing lung myeloid 
cells. International Journal of Radiation Oncology* Biology* 
Physics, 113(1), 177-191. 

101. Cheng, D., Chen, L., Tu, W., Wang, H., Wang, Q., Meng, L., ... 
& Yu, Q. (2020). Protective effects of valsartan administration 
on doxorubicin induced myocardial injury in rats and the role 
of oxidative stress and NOX2/NOX4 signaling. Molecular 
Medicine Reports, 22(5), 4151-4162.  

102. Padgett, C. A., Bátori, R. K., Speese, A. C., Rosewater, C. 
L., Bush, W. B., Derella, C. C., ... & Stepp, D. W. (2023). 
Galectin-3 Mediates Vascular Dysfunction in Obesity by 
Regulating NADPH Oxidase 1. Arteriosclerosis, thrombosis, 
and vascular biology, 43(10), e381-e395. 

103. Tenesaca, S., Vasquez, M., Alvarez, M., Otano, I., Fernandez-
Sendin, M., Di Trani, C. A., ... & Berraondo, P. (2021). Statins 
act as transient type I interferon inhibitors to enable the 
antitumor activity of modified vaccinia Ankara viral vectors. 
Journal for Immunotherapy of Cancer, 9(7). 

104. Okoloko, O., Vanderwall, E. R., Rich, L. M., White, M. 
P., Reeves, S. R., Harrington, W. E., ... & Debley, J. S. 
(2021). Effect of angiotensin-converting-enzyme inhibitor 
and angiotensin II receptor antagonist treatment on ACE2 
expression and SARS-CoV-2 replication in primary airway 
epithelial cells. Frontiers in Pharmacology, 12, 765951.  

105. Maeda, A., Okazaki, T., Inoue, M., Kitazono, T., Yamasaki, 
M., Lemonnier, F. A., & Ozaki, S. (2009). Immunosuppressive 
effect of angiotensin receptor blocker on stimulation of mice 
CTLs by angiotensin II. International immunopharmacology, 
9(10), 1183-1188. 

106. Xu, B., Li, G., Li, Y., Deng, H., Cabot, A., Guo, J., ... & 
Dalman, R. L. (2023). Mechanisms and efficacy of metformin-
mediated suppression of established experimental abdominal 
aortic aneurysms. JVS-Vascular Science, 4, 100102.  

107. Du, Y., Xiao, H., Wan, J., Wang, X., Li, T., Zheng, S., ... & 
Fan, Z. (2020). Atorvastatin attenuates TGF β1 induced 
fibrogenesis by inhibiting Smad3 and MAPK signaling 
in human ventricular fibroblasts. International Journal of 
Molecular Medicine, 46(2), 633-640. 

108. Sun, P., Xu, N., Li, Y., & Han, Y. (2020). Destruction of 
the blood-retina barrier in diabetic retinopathy depends 
on angiotensin-converting enzyme-mediated TGF-β1/
Smad signaling pathway activation. International 
Immunopharmacology, 85, 106686. 

109. Kim, M. D., Bengtson, C. D., Yoshida, M., Niloy, A. J., Dennis, 
J. S., Baumlin, N., & Salathe, M. (2022). Losartan ameliorates 
TGF-β1–induced CFTR dysfunction and improves correction 
by cystic fibrosis modulator therapies. The Journal of Clinical 
Investigation, 132(11). 

110. Yin, M., Kim, J., Choi, J. I., Bom, J. S., Bae, H. B., & Jeong, 
S. (2023). AMPK reduces macrophage endotoxin tolerance 
through inhibition of TGF-β1 production and its signaling 
pathway. International Immunopharmacology, 118, 110146.  

111. He, W. B., Ko, H. T., Curtis, A. J., Zoungas, S., Woods, R. 

L., Tonkin, A., ... & Hopper, I. (2023). The Effects of Statins 
on Cardiovascular and Inflammatory Biomarkers in Primary 
Prevention: A Systematic Review and Meta-Analysis. Heart, 
Lung and Circulation.  

112. Awad, K., Zaki, M. M., Mohammed, M., Lewek, J., Lavie, 
C. J., Banach, M., & Lipid and Blood Pressure Meta-analysis 
Collaboration Group. (2022, October). Effect of the renin-
angiotensin system inhibitors on inflammatory markers: a 
systematic review and meta-analysis of randomized controlled 
trials. In Mayo Clinic Proceedings (Vol. 97, No. 10, pp. 1808-
1823). Elsevier. 

113. Garg, N., Krishan, P., & Syngle, A. (2021). Angiotensin-
Receptor Blockade Improves Inflammation and Endothelial 
Dysfunction in Ankylosing Spondylitis: ARB-AS Study. 
International Journal of Angiology, 30(04), 262-270.  

114. Petakh, P., Oksenych, V., & Kamyshnyi, A. (2023). The F/B 
ratio as a biomarker for inflammation in COVID-19 and T2D: 
Impact of metformin. Biomedicine & Pharmacotherapy, 163, 
114892. 

115. Lashgari, N. A., Roudsari, N. M., Zadeh, S. S. T., Momtaz, S., 
Abbasifard, M., Reiner, Ž., ... & Sahebkar, A. (2023). Statins 
block mammalian target of rapamycin pathway: A possible 
novel therapeutic strategy for inflammatory, malignant and 
neurodegenerative diseases. Inflammopharmacology, 31(1), 
57-75. 

116. Kamel, E. O., Hassanein, E. H., Ahmed, M. A., & Ali, F. E. 
(2020). Perindopril ameliorates hepatic ischemia reperfusion 
injury via regulation of NF‐κB‐p65/TLR‐4, JAK1/STAT‐3, 
Nrf‐2, and PI3K/Akt/mTOR signaling pathways. The 
Anatomical Record, 303(7), 1935-1949. 

117. Zhong, J., Gong, W., Lu, L., Chen, J., Lu, Z., Li, H., ... & Wei, 
L. (2017). Irbesartan ameliorates hyperlipidemia and liver 
steatosis in type 2 diabetic db/db mice via stimulating PPAR-γ, 
AMPK/Akt/mTOR signaling and autophagy. International 
immunopharmacology, 42, 176-184.  

118. Zhang, X., Sun, C., Hao, J., Cao, L., Zhang, X., Du, J., & 
Han, Q. (2023). Metformin inhibits EV71 induced pyroptosis 
by upregulating DEP domain containing mTOR interacting 
protein. Experimental and Therapeutic Medicine, 26(2), 1-11. 

119. Liu, X., Zhang, W., Zhao, M., Jia, G., & Sun, R. (2019). Effect 
of atorvastatin treatment on circulating adiponectin: a meta-
analysis of randomized controlled trials. Lipids in health and 
disease, 18, 1-8.  

120. Werida, R., Khairat, I., Khedr, L., & El-Sisi, A. E. D. (2020). 
Comparative effects of enalapril versus perindopril on serum 
levels of leptin and adiponectin in hypertensive patients. Acta 
Cardiologica, 75(6), 551-556. 

121. Weng, J., Chen, M., Guo, R., Yang, S., Liu, D., & Fang, 
D. (2021). The antihypertensive effect of irbesartan 
in spontaneously hypertensive rats is associated with 
improvement of the leptin–adiponectin imbalance. Adipocyte, 
10(1), 101-107. 

122. Oróstica, M. L., Astorga, I., Plaza-Parrochia, F., Poblete, C., 
Carvajal, R., García, V., ... & Vega, M. (2022). Metformin 
treatment regulates the expression of molecules involved in 

doi: 10.1016/j.ijrobp.2022.01.023
doi: 10.1016/j.ijrobp.2022.01.023
doi: 10.1016/j.ijrobp.2022.01.023
doi: 10.1016/j.ijrobp.2022.01.023
doi: 10.1016/j.ijrobp.2022.01.023
doi: 10.3892/mmr.2020.11521.
doi: 10.3892/mmr.2020.11521.
doi: 10.3892/mmr.2020.11521.
doi: 10.3892/mmr.2020.11521.
doi: 10.3892/mmr.2020.11521.
http://Padgett, C. A., Bátori, R. K., Speese, A. C., Rosewater, C. L., Bush, W. B., Derella, C. C., ... & S
http://Padgett, C. A., Bátori, R. K., Speese, A. C., Rosewater, C. L., Bush, W. B., Derella, C. C., ... & S
http://Padgett, C. A., Bátori, R. K., Speese, A. C., Rosewater, C. L., Bush, W. B., Derella, C. C., ... & S
http://Padgett, C. A., Bátori, R. K., Speese, A. C., Rosewater, C. L., Bush, W. B., Derella, C. C., ... & S
http://Padgett, C. A., Bátori, R. K., Speese, A. C., Rosewater, C. L., Bush, W. B., Derella, C. C., ... & S
doi: 10.1136/jitc-2020-001587.
doi: 10.1136/jitc-2020-001587.
doi: 10.1136/jitc-2020-001587.
doi: 10.1136/jitc-2020-001587.
doi: 10.1136/jitc-2020-001587.
doi: 10.3389/fphar.2021.765951.
doi: 10.3389/fphar.2021.765951.
doi: 10.3389/fphar.2021.765951.
doi: 10.3389/fphar.2021.765951.
doi: 10.3389/fphar.2021.765951.
doi: 10.3389/fphar.2021.765951.
doi: 10.1016/j.intimp.2009.06.006.
doi: 10.1016/j.intimp.2009.06.006.
doi: 10.1016/j.intimp.2009.06.006.
doi: 10.1016/j.intimp.2009.06.006.
doi: 10.1016/j.intimp.2009.06.006.
doi: 10.1016/j.jvssci.2023.100102.
doi: 10.1016/j.jvssci.2023.100102.
doi: 10.1016/j.jvssci.2023.100102.
doi: 10.1016/j.jvssci.2023.100102.
doi: 10.3892/ijmm.2020.4607.
doi: 10.3892/ijmm.2020.4607.
doi: 10.3892/ijmm.2020.4607.
doi: 10.3892/ijmm.2020.4607.
doi: 10.3892/ijmm.2020.4607.
doi: 10.1016/j.intimp.2020.106686.
doi: 10.1016/j.intimp.2020.106686.
doi: 10.1016/j.intimp.2020.106686.
doi: 10.1016/j.intimp.2020.106686.
doi: 10.1016/j.intimp.2020.106686.
doi: 10.1172/JCI155241.
doi: 10.1172/JCI155241.
doi: 10.1172/JCI155241.
doi: 10.1172/JCI155241.
doi: 10.1172/JCI155241.
doi: 10.1016/j.intimp.2023.110146.
doi: 10.1016/j.intimp.2023.110146.
doi: 10.1016/j.intimp.2023.110146.
doi: 10.1016/j.intimp.2023.110146.
doi: 10.1016/j.hlc.2023.04.300.
doi: 10.1016/j.hlc.2023.04.300.
doi: 10.1016/j.hlc.2023.04.300.
doi: 10.1016/j.hlc.2023.04.300.
doi: 10.1016/j.hlc.2023.04.300.
doi: 10.1016/j.mayocp.2022.06.036.
doi: 10.1016/j.mayocp.2022.06.036.
doi: 10.1016/j.mayocp.2022.06.036.
doi: 10.1016/j.mayocp.2022.06.036.
doi: 10.1016/j.mayocp.2022.06.036.
doi: 10.1016/j.mayocp.2022.06.036.
doi: 10.1016/j.mayocp.2022.06.036.
doi: 10.1055/s-0040-1722738.
doi: 10.1055/s-0040-1722738.
doi: 10.1055/s-0040-1722738.
doi: 10.1055/s-0040-1722738.
doi: 10.1016/j.biopha.2023.114892.
doi: 10.1016/j.biopha.2023.114892.
doi: 10.1016/j.biopha.2023.114892.
doi: 10.1016/j.biopha.2023.114892.
doi: 10.1007/s10787-022-01077-w.
doi: 10.1007/s10787-022-01077-w.
doi: 10.1007/s10787-022-01077-w.
doi: 10.1007/s10787-022-01077-w.
doi: 10.1007/s10787-022-01077-w.
doi: 10.1007/s10787-022-01077-w.
doi: 10.1002 /ar.24292.
doi: 10.1002 /ar.24292.
doi: 10.1002 /ar.24292.
doi: 10.1002 /ar.24292.
doi: 10.1002 /ar.24292.
doi: 10.1016/j.intimp.2016.11.015.
doi: 10.1016/j.intimp.2016.11.015.
doi: 10.1016/j.intimp.2016.11.015.
doi: 10.1016/j.intimp.2016.11.015.
doi: 10.1016/j.intimp.2016.11.015.
doi: 10.3892/etm.2023.12087.
doi: 10.3892/etm.2023.12087.
doi: 10.3892/etm.2023.12087.
doi: 10.3892/etm.2023.12087.
doi: 10.1186/s12944-019-1172-7.
doi: 10.1186/s12944-019-1172-7.
doi: 10.1186/s12944-019-1172-7.
doi: 10.1186/s12944-019-1172-7.
doi: 10.1080/00015385.2019.1636533
doi: 10.1080/00015385.2019.1636533
doi: 10.1080/00015385.2019.1636533
doi: 10.1080/00015385.2019.1636533
doi: 10.1080/21623945.2021.1886409.
doi: 10.1080/21623945.2021.1886409.
doi: 10.1080/21623945.2021.1886409.
doi: 10.1080/21623945.2021.1886409.
doi: 10.1080/21623945.2021.1886409.
doi: 10.3390/ijms23073922.
doi: 10.3390/ijms23073922.
doi: 10.3390/ijms23073922.


Volume 9 | Issue 2 | 8J Nur Healthcare, 2024

adiponectin and insulin signaling pathways in endometria 
from women with obesity-associated insulin resistance and 
PCOS. International journal of molecular sciences, 23(7), 
3922. 

123. Paumelle, R., & Staels, B. (2007). Peroxisome proliferator-
activated receptors mediate pleiotropic actions of statins. 
Circulation research, 100(10), 1394-1395. 

124. Han, L., Shen, W. J., Bittner, S., Kraemer, F. B., & Azhar, S. 
(2017). PPARs: regulators of metabolism and as therapeutic 
targets in cardiovascular disease. Part I: PPAR-α. Future 
cardiology, 13(3), 259-278. 

125. Yin, S. N., Liu, M., Jing, D. Q., Mu, Y. M., Lu, J. M., & 
Pan, C. Y. (2014). Telmisartan increases lipoprotein lipase 
expression via peroxisome proliferator-activated receptor-
alpha in HepG2 cells. Endocrine research, 39(2), 67-73.  

126. Maida, A., Lamont, B. J., Cao, X., & Drucker, D. J. (2011). 
Metformin regulates the incretin receptor axis via a pathway 
dependent on peroxisome proliferator-activated receptor-α in 
mice. Diabetologia, 54, 339-349.  

127. Ye, Y., Nishi, S. P., Manickavasagam, S., Lin, Y., Huang, M. 
H., Perez-Polo, J. R., ... & Birnbaum, Y. (2007). Activation 
of peroxisome proliferator-activated receptor-γ (PPAR-γ) 
by atorvastatin is mediated by 15-deoxy-delta-12, 14-PGJ2. 
Prostaglandins & other lipid mediators, 84(1-2), 43-53. 

128. Cernecka, H., Doka, G., Srankova, J., Pivackova, L., 
Malikova, E., Galkova, K., ... & Klimas, J. (2016). Ramipril 
restores PPARβ/δ and PPARγ expressions and reduces 
cardiac NADPH oxidase but fails to restore cardiac function 
and accompanied myosin heavy chain ratio shift in severe 
anthracycline-induced cardiomyopathy in rat. European 
Journal of Pharmacology, 791, 244-253.  

129. Yin, S. N., Liu, M., Jing, D. Q., Mu, Y. M., Lu, J. M., & 
Pan, C. Y. (2014). Telmisartan increases lipoprotein lipase 
expression via peroxisome proliferator-activated receptor-
alpha in HepG2 cells. Endocrine research, 39(2), 67-73.  

130. Qu, R. N., & Qu, W. (2019). Metformin inhibits LPS-induced 
inflammatory response in VSMCs by regulating TLR4 and 
PPAR-γ. Eur Rev Med Pharmacol Sci, 23(11), 4988-4995. 

131. Roensch, J., Crisby, M., Nordberg, A., Xiao, Y., Zhang, L. J., & 
Guan, Z. Z. (2007). Effects of statins on α7 nicotinic receptor, 
cholinesterase and α-form of secreted amyloid precursor 
peptide in SH-SY5Y cells. Neurochemistry international, 
50(6), 800-806.  

132. Montpetit, C. J., McKendry, J., & Perry, S. F. (2001). The 
effects of C-type natriuretic peptide on catecholamine release 
in the pacific spiny dogfish (Squalus acanthias). General and 
Comparative Endocrinology, 123(2), 210-221.  

133. Wang, L., Du, L., Xiong, X., Lin, Y., Zhu, J., Yao, Z., ... 
& Zhang, H. (2021). Repurposing dextromethorphan and 
metformin for treating nicotine-induced cancer by directly 
targeting CHRNA7 to inhibit JAK2/STAT3/SOX2 signaling. 
Oncogene, 40(11), 1974-1987.  

134. Quade-Lyssy, P., Kanarek, A. M., Baiersdörfer, M., Postina, 
R., & Kojro, E. (2013). Statins stimulate the production of 
a soluble form of the receptor for advanced glycation end 
products. Journal of lipid research, 54(11), 3052-3061.  

135. Goel, R., Bhat, S. A., Hanif, K., Nath, C., & Shukla, R. 
(2016). Perindopril attenuates lipopolysaccharide-induced 
amyloidogenesis and memory impairment by suppression 
of oxidative stress and RAGE activation. ACS chemical 
neuroscience, 7(2), 206-217. 

136. Kikuchi, K., Tancharoen, S., Ito, T., Morimoto-Yamashita, Y., 
Miura, N., Kawahara, K. I., ... & Tanaka, E. (2013). Potential 
of the angiotensin receptor blockers (ARBs) telmisartan, 
irbesartan, and candesartan for inhibiting the HMGB1/RAGE 
axis in prevention and acute treatment of stroke. International 
Journal of Molecular Sciences, 14(9), 18899-18924. 

137. Hosseinipoor, H., Kariminejad, S. Y., Salehi, M., Heidari, 
M., Goodarzi, M. T., & Karimi, M. H. (2022). The effects of 
metformin monotherapy and combination of metformin and 
glibenclamide therapy on the expression of RAGE, Sirt1, and 
Nrf2 genes in peripheral blood mononuclear cells of type 2 
diabetic patients. Journal of Diabetes & Metabolic Disorders, 
21(1), 369-377. 

138. Jamialahmadi, T., Abbasifard, M., Reiner, Ž., Rizzo, M., Eid, 
A. H., & Sahebkar, A. (2022). The effects of statin treatment on 
serum ferritin levels: a systematic review and meta-analysis. 
Journal of Clinical Medicine, 11(17), 5251. 

139. Chomistek, A. K., Liang, C. H., Doherty, M. C., Clifford, 
R., Ogilvie, R. P., Gately, R. V., ... & Seeger, J. D. (2021). 
Predictors of critical care, mechanical ventilation, and 
mortality among hospitalized patients with COVID-19 in an 
electronic health record database. Pharmacoepidemiology 
and Drug Safety, 23-23. 

140. Yokohama, S., Yoneda, M., Haneda, M., Okamoto, S., Okada, 
M., Aso, K., ... & Nakamura, K. (2004). Therapeutic efficacy 
of an angiotensin II receptor antagonist in patients with 
nonalcoholic steatohepatitis. Hepatology, 40(5), 1222-1225. 

141. Al-Kuraishy, H. M., Al-Gareeb, A. I., Alblihed, M., Cruz-
Martins, N., & Batiha, G. E. S. (2021). COVID-19 and risk 
of acute ischemic stroke and acute lung injury in patients 
with type ii diabetes mellitus: the anti-inflammatory role of 
metformin. Frontiers in Medicine, 8, 110.  

142. Durhuus, J. A., Hansson, S., Morville, T., Kuhlman, A. B., 
Dohlmann, T. L., Larsen, S., ... & Rasmussen, L. J. (2020). 
Simvastatin improves mitochondrial respiration in peripheral 
blood cells. Scientific reports, 10(1), 17012.  

143. Picca, A., Sirago, G., Pesce, V., Lezza, A. M. S., Calvani, 
R., Bossola, M., ... & Marzetti, E. (2018). Administration 
of enalapril started late in life attenuates hypertrophy and 
oxidative stress burden, increases mitochondrial mass, and 
modulates mitochondrial quality control signaling in the rat 
heart. Biomolecules, 8(4), 177. 

144. de Cavanagh, E. M., Piotrkowski, B., & Fraga, C. G. 
(2004). Concerted action of the renin–angiotensin system, 
mitochondria, and antioxidant defenses in aging. Molecular 
Aspects of Medicine, 25(1-2), 27-36.

145. Becker Jr, E., Husain, M., Bone, N., Smith, S., Morris, P., & 
Zmijewski, J. W. (2023). AMPK activation improves recovery 
from pneumonia-induced lung injury via reduction of er-
stress and apoptosis in alveolar epithelial cells. Respiratory 
Research, 24(1), 185. 

doi: 10.3390/ijms23073922.
doi: 10.3390/ijms23073922.
doi: 10.3390/ijms23073922.
doi: 10.3390/ijms23073922.
doi: 10.1161/01.RES.0000269334.42814.d2.
doi: 10.1161/01.RES.0000269334.42814.d2.
doi: 10.1161/01.RES.0000269334.42814.d2.
doi: 10.2217/fca-2016-0059.
doi: 10.2217/fca-2016-0059.
doi: 10.2217/fca-2016-0059.
doi: 10.2217/fca-2016-0059.
doi: 10.3109/07435800.2013.828741.
doi: 10.3109/07435800.2013.828741.
doi: 10.3109/07435800.2013.828741.
doi: 10.3109/07435800.2013.828741.
doi: 10.1007/s00125-010-1937-z.
doi: 10.1007/s00125-010-1937-z.
doi: 10.1007/s00125-010-1937-z.
doi: 10.1007/s00125-010-1937-z.
doi: 10.1016/j.prostaglandins.2007.04.001.
doi: 10.1016/j.prostaglandins.2007.04.001.
doi: 10.1016/j.prostaglandins.2007.04.001.
doi: 10.1016/j.prostaglandins.2007.04.001.
doi: 10.1016/j.prostaglandins.2007.04.001.
doi: 10.1016/j.ejphar.2016.08.040.
doi: 10.1016/j.ejphar.2016.08.040.
doi: 10.1016/j.ejphar.2016.08.040.
doi: 10.1016/j.ejphar.2016.08.040.
doi: 10.1016/j.ejphar.2016.08.040.
doi: 10.1016/j.ejphar.2016.08.040.
doi: 10.1016/j.ejphar.2016.08.040.
doi: 10.3109/07435800.2013.828741.
doi: 10.3109/07435800.2013.828741.
doi: 10.3109/07435800.2013.828741.
doi: 10.3109/07435800.2013.828741.
doi: 10.26355/eurrev_201906_18090. PPARg
doi: 10.26355/eurrev_201906_18090. PPARg
doi: 10.26355/eurrev_201906_18090. PPARg
doi: 10.1016/j.neuint.2007.02.001.
doi: 10.1016/j.neuint.2007.02.001.
doi: 10.1016/j.neuint.2007.02.001.
doi: 10.1016/j.neuint.2007.02.001.
doi: 10.1016/j.neuint.2007.02.001.
doi: 10.1006/gcen.2001.7666.
doi: 10.1006/gcen.2001.7666.
doi: 10.1006/gcen.2001.7666.
doi: 10.1006/gcen.2001.7666.
doi: 10.1038/s41388-021-01682-z.
doi: 10.1038/s41388-021-01682-z.
doi: 10.1038/s41388-021-01682-z.
doi: 10.1038/s41388-021-01682-z.
doi: 10.1038/s41388-021-01682-z.
doi: 10.1194/jlr.M038968.
doi: 10.1194/jlr.M038968.
doi: 10.1194/jlr.M038968.
doi: 10.1194/jlr.M038968.
doi: 10.1021/acschemneuro.5b00274.
doi: 10.1021/acschemneuro.5b00274.
doi: 10.1021/acschemneuro.5b00274.
doi: 10.1021/acschemneuro.5b00274.
doi: 10.1021/acschemneuro.5b00274.
doi: 10.3390/ijms140918899.
doi: 10.3390/ijms140918899.
doi: 10.3390/ijms140918899.
doi: 10.3390/ijms140918899.
doi: 10.3390/ijms140918899.
doi: 10.3390/ijms140918899.
doi: 10.1007/s40200-022-00984-7.
doi: 10.1007/s40200-022-00984-7.
doi: 10.1007/s40200-022-00984-7.
doi: 10.1007/s40200-022-00984-7.
doi: 10.1007/s40200-022-00984-7.
doi: 10.1007/s40200-022-00984-7.
doi: 10.1007/s40200-022-00984-7.
doi: 10.3390/jcm11175251.
doi: 10.3390/jcm11175251.
doi: 10.3390/jcm11175251.
doi: 10.3390/jcm11175251.
doi: 10.1186/s12879-022-07383-6.
doi: 10.1186/s12879-022-07383-6.
doi: 10.1186/s12879-022-07383-6.
doi: 10.1186/s12879-022-07383-6.
doi: 10.1186/s12879-022-07383-6.
doi: 10.1186/s12879-022-07383-6.
doi: 10.1002/hep.20420.
doi: 10.1002/hep.20420.
doi: 10.1002/hep.20420.
doi: 10.1002/hep.20420.
doi: 10.3389/fmed.2021.644295.
doi: 10.3389/fmed.2021.644295.
doi: 10.3389/fmed.2021.644295.
doi: 10.3389/fmed.2021.644295.
doi: 10.3389/fmed.2021.644295.
doi: 10.1038/s41598-020-73896-2.
doi: 10.1038/s41598-020-73896-2.
doi: 10.1038/s41598-020-73896-2.
doi: 10.1038/s41598-020-73896-2.
doi: 10.3390/biom8040177.
doi: 10.3390/biom8040177.
doi: 10.3390/biom8040177.
doi: 10.3390/biom8040177.
doi: 10.3390/biom8040177.
doi: 10.3390/biom8040177.
doi: 10.1016/j.mam.2004.02.006.
doi: 10.1016/j.mam.2004.02.006.
doi: 10.1016/j.mam.2004.02.006.
doi: 10.1016/j.mam.2004.02.006.
doi: 10.1186/s12931-023-02483-6.
doi: 10.1186/s12931-023-02483-6.
doi: 10.1186/s12931-023-02483-6.
doi: 10.1186/s12931-023-02483-6.
doi: 10.1186/s12931-023-02483-6.


Volume 9 | Issue 2 | 9J Nur Healthcare, 2024

146. Feng, Y., Lang, J., Sun, B., Yan, Z., Zhao, Z., & Sun, G. 
(2023). Atorvastatin prevents endoplasmic reticulum stress-
mediated apoptosis via the Nrf2/HO-1 signaling pathway in 
TBI mice. Neurological Research, 45(6), 590-602.  

147. Tian, S., Ge, X., Wu, K., Yang, H., & Liu, Y. (2014). Ramipril 
protects the endothelium from high glucose–induced 
dysfunction through CaMKKβ/AMPK and heme oxygenase-1 
activation. Journal of Pharmacology and Experimental 
Therapeutics, 350(1), 5-13. 

148. Saber, S., Basuony, M., & Eldin, A. S. (2019). Telmisartan 
ameliorates dextran sodium sulfate-induced colitis in rats 
by modulating NF-κB signalling in the context of PPARγ 
agonistic activity. Archives of biochemistry and biophysics, 
671, 185-195. 

149. Wang, G., Wang, Y., Yang, Q., Xu, C., Zheng, Y., Wang, L., 
... & Luo, M. (2022). Metformin prevents methylglyoxal-
induced apoptosis by suppressing oxidative stress in vitro and 
in vivo. Cell Death & Disease, 13(1), 29. 

150. He, M., Huang, T. S., Li, S., Hong, H. C., Chen, Z., Martin, M., 
... & Shyy, J. Y. J. (2019). Atheroprotective flow upregulates 
ITPR3 (inositol 1, 4, 5-trisphosphate receptor 3) in vascular 
endothelium via KLF4 (Krüppel-like factor 4)-mediated 
histone modifications. Arteriosclerosis, thrombosis, and 
vascular biology, 39(5), 902-914. 

151. Molaei, A., Molaei, E., Hayes, A. W., & Karimi, G. (2023). 
Mas receptor: a potential strategy in the management of 
ischemic cardiovascular diseases. Cell Cycle, 1-21. 

152. Yoshida, T., Yamashita, M., Horimai, C., & Hayashi, M. 
(2014). Kruppel-like factor 4 protein regulates isoproterenol-
induced cardiac hypertrophy by modulating myocardin 
expression and activity. Journal of Biological Chemistry, 
289(38), 26107-26118. 

153. Miao, Z. F., Adkins-Threats, M., Burclaff, J. R., Osaki, L. H., 
Sun, J. X., Kefalov, Y., ... & Mills, J. C. (2020). A metformin-
responsive metabolic pathway controls distinct steps in 
gastric progenitor fate decisions and maturation. Cell Stem 
Cell, 26(6), 910-925.  

154. Siddiqui, A. J., Gustafsson, T., Fischer, H., Widegren, U., 
Hao, X., Mansson-Broberg, A., ... & Sylven, C. (2004). 
Simvastatin enhances myocardial angiogenesis induced by 
vascular endothelial growth factor gene transfer. Journal of 
molecular and cellular cardiology, 37(6), 1235-1244. 

155. Yoo, K. H., Yim, H. E., Bae, E. S., & Hong, Y. S. (2018). 
Capillary rarefaction and altered renal development: the 
imbalance between pro-and anti-angiogenic factors in 
response to angiotensin II inhibition in the developing rat 
kidney. Journal of molecular histology, 49, 219-228.  

156. Lip, P. L., Chatterjee, S., Caine, G. J., Hope-Ross, M., Gibson, 
J., Blann, A. D., & Lip, G. Y. H. (2004). Plasma vascular 
endothelial growth factor, angiopoietin-2, and soluble 
angiopoietin receptor tie-2 in diabetic retinopathy: effects of 
laser photocoagulation and angiotensin receptor blockade. 
The British Journal of Ophthalmology, 88(12), 1543. 

157. Tikoo, K., Patel, G., Kumar, S., Karpe, P. A., Sanghavi, 
M., Malek, V., & Srinivasan, K. (2015). Tissue specific 

up regulation of ACE2 in rabbit model of atherosclerosis 
by atorvastatin: role of epigenetic histone modifications. 
Biochemical pharmacology, 93(3), 343-351.  

158. Bauer, A., Schreinlechner, M., Sappler, N., Dolejsi, T., Tilg, H., 
Aulinger, B. A., ... & Zabernigg, A. (2021). Discontinuation 
versus continuation of renin-angiotensin-system inhibitors 
in COVID-19 (ACEI-COVID): a prospective, parallel 
group, randomised, controlled, open-label trial. The Lancet 
Respiratory Medicine, 9(8), 863-872. 

159. Ferrario, C. M., Jessup, J., Chappell, M. C., Averill, D. 
B., Brosnihan, K. B., Tallant, E. A., ... & Gallagher, P. E. 
(2005). Effect of angiotensin-converting enzyme inhibition 
and angiotensin II receptor blockers on cardiac angiotensin-
converting enzyme 2. Circulation, 111(20), 2605-2610. 

160. Zangiabadian, M., Nejadghaderi, S. A., Zahmatkesh, M. 
M., Hajikhani, B., Mirsaeidi, M., & Nasiri, M. J. (2021). 
The efficacy and potential mechanisms of metformin in the 
treatment of COVID-19 in the diabetics: a systematic review. 
Frontiers in endocrinology, 12, 645194. 

161. Dworacka, M., Krzyżagórska, E., Wesołowska, A., 
Zharmakhanova, G., Iskakova, S., & Dworacki, G. (2014). 
Circulating monocyte chemotactic protein 1 (MCP-1), 
vascular cell adhesion molecule 1 (VCAM-1) and angiogenin 
in type 2 diabetic patients treated with statins in low doses. 
European Journal of Pharmacology, 740, 474-479. 

162. Amann, B., Tinzmann, R., & Angelkort, B. (2003). ACE 
inhibitors improve diabetic nephropathy through suppression 
of renal MCP-1. Diabetes care, 26(8), 2421-2425. 

163. Tsukuda, K., Mogi, M., Iwanami, J., Min, L. J., Jing, F., Oshima, 
K., & Horiuchi, M. (2011). Irbesartan attenuates ischemic 
brain damage by inhibition of MCP-1/CCR2 signaling 
pathway beyond AT1 receptor blockade. Biochemical and 
biophysical research communications, 409(2), 275-279. 

164. Yang, X., Yang, T., Li, J., Yang, R., Qi, S., Zhao, Y., ... & 
Liu, C. (2019). Metformin prevents nephrolithiasis formation 
by inhibiting the expression of OPN and MCP-1 in vitro and 
in vivo. International Journal of Molecular Medicine, 43(4), 
1611-1622.  

165. Ye, Y., Martinez, J. D., Perez-Polo, R. J., Lin, Y., Uretsky, 
B. F., & Birnbaum, Y. (2008). The role of eNOS, iNOS, and 
NF-κB in upregulation and activation of cyclooxygenase-2 
and infarct size reduction by atorvastatin. American Journal 
of Physiology-Heart and Circulatory Physiology, 295(1), 
H343-H351.  

166. Bachetti, T., Comini, L., Pasini, E., Cargnoni, A., Curello, S., 
& Ferrari, R. (2001). Ace-inhibition with quinapril modulates 
the nitric oxide pathway in normotensive rats. Journal of 
molecular and cellular cardiology, 33(3), 395-403. 

167. Ashcheulova, T., Gerasimchuk, N., Kovalyova, O., & 
Honchar, O. (2018). Beneficial effects of combined therapy 
with lacidipine and candesartan in obese hypertensive patients. 
Romanian Journal of Internal Medicine, 56(4), 257-264. 

168. Shati, A. A., Maarouf, A., Dawood, A. F., Bayoumy, N. M., 
Alqahtani, Y. A., A. Eid, R., ... & Albawardi, A. (2023). Lower 
Extremity Arterial Disease in Type 2 Diabetes Mellitus: 

doi: 10.1080/01616412.2023.2170905.
doi: 10.1080/01616412.2023.2170905.
doi: 10.1080/01616412.2023.2170905.
doi: 10.1080/01616412.2023.2170905.
doi: 10.1124/jpet.114.212928.
doi: 10.1124/jpet.114.212928.
doi: 10.1124/jpet.114.212928.
doi: 10.1124/jpet.114.212928.
doi: 10.1124/jpet.114.212928.
doi: 10.1016/j.abb.2019.07.014.
doi: 10.1016/j.abb.2019.07.014.
doi: 10.1016/j.abb.2019.07.014.
doi: 10.1016/j.abb.2019.07.014.
doi: 10.1016/j.abb.2019.07.014.
doi: 10.1038/s41419-021-04478-x.
doi: 10.1038/s41419-021-04478-x.
doi: 10.1038/s41419-021-04478-x.
doi: 10.1038/s41419-021-04478-x.
doi: 10.1161/ATVBAHA.118.312301.
doi: 10.1161/ATVBAHA.118.312301.
doi: 10.1161/ATVBAHA.118.312301.
doi: 10.1161/ATVBAHA.118.312301.
doi: 10.1161/ATVBAHA.118.312301.
doi: 10.1161/ATVBAHA.118.312301.
doi: 10.1080/15384101.2023.2228089.
doi: 10.1080/15384101.2023.2228089.
doi: 10.1080/15384101.2023.2228089.
doi: 10.1074/jbc.M114.582809.
doi: 10.1074/jbc.M114.582809.
doi: 10.1074/jbc.M114.582809.
doi: 10.1074/jbc.M114.582809.
doi: 10.1074/jbc.M114.582809.
doi: 10.1016/j.stem.2020.03.006.
doi: 10.1016/j.stem.2020.03.006.
doi: 10.1016/j.stem.2020.03.006.
doi: 10.1016/j.stem.2020.03.006.
doi: 10.1016/j.stem.2020.03.006.
doi: 10.1016/j.yjmcc.2004.10.004.
doi: 10.1016/j.yjmcc.2004.10.004.
doi: 10.1016/j.yjmcc.2004.10.004.
doi: 10.1016/j.yjmcc.2004.10.004.
doi: 10.1016/j.yjmcc.2004.10.004.
doi: 10.1007/s10735-018-9762-7.
doi: 10.1007/s10735-018-9762-7.
doi: 10.1007/s10735-018-9762-7.
doi: 10.1007/s10735-018-9762-7.
doi: 10.1007/s10735-018-9762-7.
doi: 10.1136/bjo.2004.048587.
doi: 10.1136/bjo.2004.048587.
doi: 10.1136/bjo.2004.048587.
doi: 10.1136/bjo.2004.048587.
doi: 10.1136/bjo.2004.048587.
doi: 10.1136/bjo.2004.048587.
doi: 10.1016/j.bcp.2014.11.013.
doi: 10.1016/j.bcp.2014.11.013.
doi: 10.1016/j.bcp.2014.11.013.
doi: 10.1016/j.bcp.2014.11.013.
doi: 10.1016/j.bcp.2014.11.013.
doi: 10.1016/S2213-2600(21)00214-9
doi: 10.1016/S2213-2600(21)00214-9
doi: 10.1016/S2213-2600(21)00214-9
doi: 10.1016/S2213-2600(21)00214-9
doi: 10.1016/S2213-2600(21)00214-9
doi: 10.1016/S2213-2600(21)00214-9
doi: 10.1161/CIRCULATIONAHA.104.510461.
doi: 10.1161/CIRCULATIONAHA.104.510461.
doi: 10.1161/CIRCULATIONAHA.104.510461.
doi: 10.1161/CIRCULATIONAHA.104.510461.
doi: 10.1161/CIRCULATIONAHA.104.510461.
doi: 10.3389/fendo.2021.645194.
doi: 10.3389/fendo.2021.645194.
doi: 10.3389/fendo.2021.645194.
doi: 10.3389/fendo.2021.645194.
doi: 10.3389/fendo.2021.645194.
doi: 10.1016/j.ejphar.2014.06.041.
doi: 10.1016/j.ejphar.2014.06.041.
doi: 10.1016/j.ejphar.2014.06.041.
doi: 10.1016/j.ejphar.2014.06.041.
doi: 10.1016/j.ejphar.2014.06.041.
doi: 10.1016/j.ejphar.2014.06.041.
doi: 10.2337/diacare.26.8.2421.
doi: 10.2337/diacare.26.8.2421.
doi: 10.2337/diacare.26.8.2421.
doi: 10.1016/j.bbrc.2011.04.142.
doi: 10.1016/j.bbrc.2011.04.142.
doi: 10.1016/j.bbrc.2011.04.142.
doi: 10.1016/j.bbrc.2011.04.142.
doi: 10.1016/j.bbrc.2011.04.142.
doi: 10.3892/ijmm.2019.4084.
doi: 10.3892/ijmm.2019.4084.
doi: 10.3892/ijmm.2019.4084.
doi: 10.3892/ijmm.2019.4084.
doi: 10.3892/ijmm.2019.4084.
doi: 10.1152/ajpheart.01350.2007.
doi: 10.1152/ajpheart.01350.2007.
doi: 10.1152/ajpheart.01350.2007.
doi: 10.1152/ajpheart.01350.2007.
doi: 10.1152/ajpheart.01350.2007.
doi: 10.1152/ajpheart.01350.2007.
doi: 10.1006/jmcc.2000.1311.
doi: 10.1006/jmcc.2000.1311.
doi: 10.1006/jmcc.2000.1311.
doi: 10.1006/jmcc.2000.1311.
doi: 10.2478/rjim-2018-0018.
doi: 10.2478/rjim-2018-0018.
doi: 10.2478/rjim-2018-0018.
doi: 10.2478/rjim-2018-0018.
doi: 10.3390/biomedicines11020361.
doi: 10.3390/biomedicines11020361.
doi: 10.3390/biomedicines11020361.


Volume 9 | Issue 2 | 10J Nur Healthcare, 2024

Metformin Inhibits Femoral Artery Ultrastructural Alterations 
as well as Vascular Tissue Levels of AGEs/ET-1 Axis-
Mediated Inflammation and Modulation of Vascular iNOS 
and eNOS Expression. Biomedicines, 11(2), 361. 

169. Yang, J. C. S., Huang, F., Wu, C. J., Chen, Y. C., Lu, T. 
H., & Hsieh, C. H. (2012). Simvastatin reduces VCAM-1 
expression in human umbilical vein endothelial cells exposed 
to lipopolysaccharide. Inflammation Research, 61, 485-491.  

170. Graninger, M., Marsik, C., Dukic, T., Wagner, O. F., Blann, 
A. D., & Jilma, B. (2003). Enalapril does not alter adhesion 
molecule levels in human endotoxemia. Shock, 19(5), 448-
451. 

171. Cianchetti, S., Del Fiorentino, A., Colognato, R., Di Stefano, 
R., Franzoni, F., & Pedrinelli, R. (2008). Anti-inflammatory 
and anti-oxidant properties of telmisartan in cultured human 
umbilical vein endothelial cells. Atherosclerosis, 198(1), 22-
28. 

172. Ocaranza, M. P., Valderas, P., Moya, J., Gabrielli, L., Godoy, 
I., Córdova, S., ... & Jalil, J. E. (2020). Rho kinase cascade 
activation in circulating leukocytes in patients with diabetes 
mellitus type 2. Cardiovascular Diabetology, 19(1), 1-12. 

173. Huo, Z., Kong, Y., Meng, M., Cao, Z., & Zhou, Q. (2019). 
Atorvastatin enhances endothelial adherens junctions through 
promoting VE-PTP gene transcription and reducing VE-
cadherin-Y731 phosphorylation. Vascular Pharmacology, 
117, 7-14. 

174. Mahalanobish, S., Saha, S., Dutta, S., Ghosh, S., & Sil, P. C. 
(2022). Melatonin counteracts necroptosis and pulmonary 
edema in cadmium‐induced chronic lung injury through 
the inhibition of angiotensin II. Journal of Biochemical and 
Molecular Toxicology, 36(10), e23163.  

175. Li, Y., Yao, Y., Li, J., Chen, Q., Zhang, L., & Wang, Q. K. 
(2019). Losartan protects against myocardial ischemia and 
reperfusion injury via vascular integrity preservation. The 
FASEB Journal, 33(7), 8555-8564.  

176. Shen, D., Ye, X., Li, J., Hao, X., Jin, L., Jin, Y., ... & Gao, F. 
(2022). Metformin Preserves VE–Cadherin in Choroid Plexus 
and Attenuates Hydrocephalus via VEGF/VEGFR2/p-Src 
in an Intraventricular Hemorrhage Rat Model. International 
Journal of Molecular Sciences, 23(15), 8552. 

177. Chubinskiy‐Nadezhdin, V. I., Negulyaev, Y. A., & 
Morachevskaya, E. A. (2017). Simvastatin induced actin 
cytoskeleton disassembly in normal and transformed 
fibroblasts without affecting lipid raft integrity. Cell Biology 
International, 41(9), 1020-1029. 

178. Thomas, T. H., & Advani, A. (2006). Inflammation in 
cardiovascular disease and regulation of the actin cytoskeleton 
in inflammatory cells: the actin cytoskeleton as a target. 
Cardiovascular & Hematological Agents in Medicinal 
Chemistry (Formerly Current Medicinal Chemistry-
Cardiovascular & Hematological Agents), 4(2), 165-182. 

179. Russo, E., Bertolotto, M., Zanetti, V., Picciotto, D., Esposito, 
P., Carbone, F., ... & Verzola, D. (2023). Role of Uric Acid in 
Vascular Remodeling: Cytoskeleton Changes and Migration 
in VSMCs. International Journal of Molecular Sciences, 

24(3), 2960.  
180. Siddiqui, M. R., Reddy, N. M., Faridi, H. M., Shahid, M., & 

Shanley, T. P. (2023). Metformin alleviates lung-endothelial 
hyperpermeability by regulating cofilin-1/PP2AC pathway. 
Frontiers in Pharmacology, 14, 1211460.  

181. Sahebkar, A., Ponziani, M. C., Goitre, I., & Bo, S. (2015). 
Does statin therapy reduce plasma VEGF levels in humans? A 
systematic review and meta-analysis of randomized controlled 
trials. Metabolism, 64(11), 1466-1476.  

182. Sauter, M., Cohen, C. D., Wörnle, M., Mussack, T., Ladurner, 
R., & Sitter, T. (2007). ACE inhibitor and AT1-receptor 
blocker attenuate the production of VEGF in mesothelial 
cells. Peritoneal dialysis international, 27(2), 167-172. 

183. Ma, C., Lu, X. C., Luo, Y., Cao, J., Yang, B., Gao, Y., ... & 
Fan, L. (2012). Angiogenesis related gene expression profiles 
of EA. hy926 cells induced by irbesartan: a possible novel 
therapeutic approach. Chinese Medical Journal, 125(08), 
1369-1375. 

184. Miao, Z. F., Adkins-Threats, M., Burclaff, J. R., Osaki, L. H., 
Sun, J. X., Kefalov, Y., ... & Mills, J. C. (2020). A metformin-
responsive metabolic pathway controls distinct steps in 
gastric progenitor fate decisions and maturation. Cell Stem 
Cell, 26(6), 910-925.  

185. Zhang, X. S., Ren, J. H., Lu, J. P., & Fan, Y. (2010). 
Atorvastatin protects against angiotensin II–induced injury 
and dysfunction in human umbilical vein endothelial cells 
through bradykinin 2 receptors. Journal of cardiovascular 
pharmacology, 56(2), 171-176. 

186. Choi, J. G., Choi, S. R., Kang, D. W., Shin, H. J., Lee, M., 
Hwang, J., & Kim, H. W. (2023). Inhibition of angiotensin 
converting enzyme increases PKCβI isoform expression via 
activation of substance P and bradykinin receptors in cultured 
astrocytes of mice. Journal of Veterinary Science, 24(2).  

187. Hamid, S., Rhaleb, I. A., Kassem, K. M., & Rhaleb, N. E. 
(2020). Role of kinins in hypertension and heart failure. 
Pharmaceuticals, 13(11), 347. 

188. Brownfoot, F. C., Hastie, R., Hannan, N. J., Cannon, P., 
Tuohey, L., Parry, L. J., ... & Tong, S. (2016). Metformin as a 
prevention and treatment for preeclampsia: effects on soluble 
fms-like tyrosine kinase 1 and soluble endoglin secretion and 
endothelial dysfunction. American journal of obstetrics and 
gynecology, 214(3), 356-e1. 

189. Loughrey, B. V., McGinty, A., Young, I. S., McCance, D. R., 
& Powell, L. A. (2013). Increased circulating CC chemokine 
levels in the metabolic syndrome are reduced by low‐dose 
atorvastatin treatment: evidence from a randomized controlled 
trial. Clinical endocrinology, 79(6), 800-806. 

190. Apostolakis, S., Krambovitis, E., Vlata, Z., Kochiadakis, G. 
E., Baritaki, S., & Spandidos, D. A. (2007). CX3CR1 receptor 
is up-regulated in monocytes of coronary artery diseased 
patients: impact of pre-inflammatory stimuli and renin–
angiotensin system modulators. Thrombosis research, 121(3), 
387-395.  

191. Dol, F., Martin, G., Staels, B., Mares, A. M., Cazaubon, 
C., Nisato, D., ... & Herbert, J. M. (2001). Angiotensin 

doi: 10.3390/biomedicines11020361.
doi: 10.3390/biomedicines11020361.
doi: 10.3390/biomedicines11020361.
doi: 10.3390/biomedicines11020361.
doi: 10.1007/s00011-01204359.
doi: 10.1007/s00011-01204359.
doi: 10.1007/s00011-01204359.
doi: 10.1007/s00011-01204359.
doi: 10.1097/01.shk.0000054369.40802.35.
doi: 10.1097/01.shk.0000054369.40802.35.
doi: 10.1097/01.shk.0000054369.40802.35.
doi: 10.1097/01.shk.0000054369.40802.35.
doi:10.1016/j.atherosclerosis.2007.09.013.
doi:10.1016/j.atherosclerosis.2007.09.013.
doi:10.1016/j.atherosclerosis.2007.09.013.
doi:10.1016/j.atherosclerosis.2007.09.013.
doi:10.1016/j.atherosclerosis.2007.09.013.
doi: 10.1186/s12933-020-01027-2.
doi: 10.1186/s12933-020-01027-2.
doi: 10.1186/s12933-020-01027-2.
doi: 10.1186/s12933-020-01027-2.
doi: 10.1016/j.vph.2018.06.003.
doi: 10.1016/j.vph.2018.06.003.
doi: 10.1016/j.vph.2018.06.003.
doi: 10.1016/j.vph.2018.06.003.
doi: 10.1016/j.vph.2018.06.003.
doi: 10.1002/jbt.23163.
doi: 10.1002/jbt.23163.
doi: 10.1002/jbt.23163.
doi: 10.1002/jbt.23163.
doi: 10.1002/jbt.23163.
doi: 10.1016/j.vph.2018.06.003.
doi: 10.1016/j.vph.2018.06.003.
doi: 10.1016/j.vph.2018.06.003.
doi: 10.1016/j.vph.2018.06.003.
doi: 10.3390/ijms23158552.
doi: 10.3390/ijms23158552.
doi: 10.3390/ijms23158552.
doi: 10.3390/ijms23158552.
doi: 10.3390/ijms23158552.
doi: 10.1002/cbin.10812.
doi: 10.1002/cbin.10812.
doi: 10.1002/cbin.10812.
doi: 10.1002/cbin.10812.
doi: 10.1002/cbin.10812.
doi: 10.2174/187152506776369926.
doi: 10.2174/187152506776369926.
doi: 10.2174/187152506776369926.
doi: 10.2174/187152506776369926.
doi: 10.2174/187152506776369926.
doi: 10.2174/187152506776369926.
doi: 10.3390/ijms24032960.
doi: 10.3390/ijms24032960.
doi: 10.3390/ijms24032960.
doi: 10.3390/ijms24032960.
doi: 10.3390/ijms24032960.
doi: 10.3389/fphar.2023.1211460.
doi: 10.3389/fphar.2023.1211460.
doi: 10.3389/fphar.2023.1211460.
doi: 10.3389/fphar.2023.1211460.
doi: 10.1016/j.metabol.2015.08.002.
doi: 10.1016/j.metabol.2015.08.002.
doi: 10.1016/j.metabol.2015.08.002.
doi: 10.1016/j.metabol.2015.08.002.
doi: 10.1016/j.stem.2020.03.006.
doi: 10.1016/j.stem.2020.03.006.
doi: 10.1016/j.stem.2020.03.006.
doi: 10.1016/j.stem.2020.03.006.
doi: 10.1016/j.stem.2020.03.006.
doi: 10.1097/FJC.0b013e3181e5f2e2.
doi: 10.1097/FJC.0b013e3181e5f2e2.
doi: 10.1097/FJC.0b013e3181e5f2e2.
doi: 10.1097/FJC.0b013e3181e5f2e2.
doi: 10.1097/FJC.0b013e3181e5f2e2.
doi: 10.4142/jvs.22275.
doi: 10.4142/jvs.22275.
doi: 10.4142/jvs.22275.
doi: 10.4142/jvs.22275.
doi: 10.4142/jvs.22275.
doi: 10.3390/ph13110347.
doi: 10.3390/ph13110347.
doi: 10.3390/ph13110347.
doi: 10.1016/j.ajog.2015.12.019.
doi: 10.1016/j.ajog.2015.12.019.
doi: 10.1016/j.ajog.2015.12.019.
doi: 10.1016/j.ajog.2015.12.019.
doi: 10.1016/j.ajog.2015.12.019.
doi: 10.1016/j.ajog.2015.12.019.
doi: 10.1111/cen.12113.
doi: 10.1111/cen.12113.
doi: 10.1111/cen.12113.
doi: 10.1111/cen.12113.
doi: 10.1111/cen.12113.
doi: 10.1016/j.thromres.2007.04.005.
doi: 10.1016/j.thromres.2007.04.005.
doi: 10.1016/j.thromres.2007.04.005.
doi: 10.1016/j.thromres.2007.04.005.
doi: 10.1016/j.thromres.2007.04.005.
doi: 10.1016/j.thromres.2007.04.005.
doi: 10.1097/00005344-200109000-00008.
doi: 10.1097/00005344-200109000-00008.


Volume 9 | Issue 2 | 11J Nur Healthcare, 2024

AT1 receptor antagonist irbesartan decreases lesion size, 
chemokine expression, and macrophage accumulation in 
apolipoprotein E-deficient mice. Journal of cardiovascular 
pharmacology, 38(3), 395-405.  

192. Inayat, H., Azim, M. K., & Baloch, A. A. (2019). Analysis 
of inflammatory gene expression profile of peripheral blood 
leukocytes in type 2 diabetes. Immunological Investigations, 
48(6), 618-631. 

193. Wang, W., Le, W., Ahuja, R., Cho, D. Y., Hwang, P. H., & 
Upadhyay, D. (2011). Inhibition of inflammatory mediators: 
role of statins in airway inflammation. Otolaryngology--Head 
and Neck Surgery, 144(6), 982-987. 

194. Cameron, A. R., Morrison, V. L., Levin, D., Mohan, 
M., Forteath, C., Beall, C., ... & Rena, G. (2016). Anti-
inflammatory effects of metformin irrespective of diabetes 
status. Circulation research, 119(5), 652-665. 

195. Ogura, S., Yoshida, Y., Kurahashi, T., Egawa, M., Furuta, K., 
Kiso, S., ... & Takehara, T. (2018). Targeting the mevalonate 
pathway is a novel therapeutic approach to inhibit oncogenic 
FoxM1 transcription factor in human hepatocellular 
carcinoma. Oncotarget, 9(30), 21022.  

196. Lukovic, D., Hasimbegovic, E., Winkler, J., Mester-Tonczar, 
J., Müller-Zlabinger, K., Han, E., ... & Gyöngyösi, M. (2023). 
Identification of Gene Expression Signatures for Phenotype-
Specific Drug Targeting of Cardiac Fibrosis. International 
Journal of Molecular Sciences, 24(8), 7461. 

197. Gu, X., Han, Y. Y., Yang, C. Y., Ji, H. M., Lan, Y. J., Bi, Y. Q., 
... & Gao, J. (2021). Activated AMPK by metformin protects 
against fibroblast proliferation during pulmonary fibrosis 
by suppressing FOXM1. Pharmacological Research, 173, 
105844. 

198. Khayatan, D., Razavi, S. M., Arab, Z. N., Khanahmadi, 
M., Momtaz, S., Butler, A. E., ... & Sahebkar, A. (2022). 
Regulatory effects of statins on SIRT1 and other sirtuins in 
cardiovascular diseases. Life, 12(5), 760. 

199. Marampon, F., Gravina, G. L., Scarsella, L., Festuccia, C., 
Lovat, F., Ciccarelli, C., ... & Ferri, C. (2013). Angiotensin-
converting-enzyme inhibition counteracts angiotensin II-
mediated endothelial cell dysfunction by modulating the p38/
SirT1 axis. Journal of hypertension, 31(10), 1972-1983.  

200. Pai, P. Y., Lin, Y. Y., Yu, S. H., Lin, C. Y., Liou, Y. F., Wu, X. 
B., ... & Lee, S. D. (2021). Angiotensin II receptor blocker 
irbesartan attenuates sleep apnea–induced cardiac apoptosis 
and enhances cardiac survival and Sirtuin 1 upregulation. 
Sleep and Breathing, 1-12.  

201. Song, Y. M., Lee, Y. H., Kim, J. W., Ham, D. S., Kang, E. 
S., Cha, B. S., ... & Lee, B. W. (2015). Metformin alleviates 
hepatosteatosis by restoring SIRT1-mediated autophagy 
induction via an AMP-activated protein kinase-independent 
pathway. Autophagy, 11(1), 46-59. 

202. McLean, D. L., Kim, J., Kang, Y., Shi, H., Atkins, G. B., Jain, 
M. K., & Chun, H. J. (2012). Apelin/APJ signaling is a critical 
regulator of statin effects in vascular endothelial cells—brief 
report. Arteriosclerosis, thrombosis, and vascular biology, 
32(11), 2640-2643. 

203. Sato, T., Kadowaki, A., Suzuki, T., Ito, H., Watanabe, H., Imai, 
Y., & Kuba, K. (2019). Loss of apelin augments angiotensin 
II-induced cardiac dysfunction and pathological remodeling. 
International journal of molecular sciences, 20(2), 239. 

204. Kim, D. Y., Choi, M. J., Ko, T. K., Lee, N. H., Kim, O. H., & 
Cheon, H. G. (2020). Angiotensin AT1 receptor antagonism 
by losartan stimulates adipocyte browning via induction of 
apelin. Journal of Biological Chemistry, 295(44), 14878-
14892. 

205. Kadoglou, N. P., Tsanikidis, H., Kapelouzou, A., Vrabas, I., 
Vitta, I., Karayannacos, P. E., ... & Sailer, N. (2010). Effects 
of rosiglitazone and metformin treatment on apelin, visfatin, 
and ghrelin levels in patients with type 2 diabetes mellitus. 
Metabolism, 59(3), 373-379. 

206. Chang, C. C., Hsu, Y. H., Chou, H. C., Lee, Y. C. G., & 
Juan, S. H. (2017). 3‐Methylcholanthrene/Aryl‐Hydrocarbon 
Receptor‐Mediated Hypertension Through eNOS Inactivation. 
Journal of cellular physiology, 232(5), 1020-1029.  

207. Sauermann, R., Schmidt, W. M., Krebs, M., Brunner, M., 
& Müller, M. (2011). Ramipril modulates circadian gene 
expression in skeletal muscle. Pharmacogenetics and 
genomics, 21(11), 751-759. 

208. Agbor, L. N., Elased, K. M., & Walker, M. K. (2011). 
Endothelial cell-specific aryl hydrocarbon receptor knockout 
mice exhibit hypotension mediated, in part, by an attenuated 
angiotensin II responsiveness. Biochemical pharmacology, 
82(5), 514-523.  

209. Alhoshani, A., Alotaibi, M., Sobeai, H. M. A., Alharbi, N., 
Alhazzani, K., Al-Dhfyan, A., ... & Korashy, H. M. (2021). 
In vivo and in vitro studies evaluating the chemopreventive 
effect of metformin on the aryl hydrocarbon receptor-mediated 
breast carcinogenesis. Saudi Journal of Biological Sciences, 
28(12), 7396-7403. 

210. Dayekh, K., Johnson-Obaseki, S., Corsten, M., Villeneuve, P. 
J., Sekhon, H. S., Weberpals, J. I., & Dimitroulakos, J. (2014). 
Monensin inhibits epidermal growth factor receptor trafficking 
and activation: synergistic cytotoxicity in combination with 
EGFR inhibitors. Molecular cancer therapeutics, 13(11), 
2559-2571.  

211. Kim, J., Kwak, H. J., Cha, J. Y., Jeong, Y. S., Rhee, S. D., 
Kim, K. R., & Cheon, H. G. (2014). Metformin suppresses 
lipopolysaccharide (LPS)-induced inflammatory response 
in murine macrophages via activating transcription factor-3 
(ATF-3) induction. Journal of Biological Chemistry, 289(33), 
23246-23255. 

212. Suica, V. I., Uyy, E., Ivan, L., Boteanu, R. M., Cerveanu-
Hogas, A., Hansen, R., & Antohe, F. (2022). Cardiac 
Alarmins as Residual Risk Markers of Atherosclerosis under 
Hypolipidemic Therapy. International Journal of Molecular 
Sciences, 23(19), 11174. 

213. McNamara, D. M., Elkayam, U., Alharethi, R., Damp, J., 
Hsich, E., Ewald, G., ... & IPAC Investigators. (2015). Clinical 
outcomes for peripartum cardiomyopathy in North America: 
results of the IPAC Study (Investigations of Pregnancy-
Associated Cardiomyopathy). Journal of the American 

doi: 10.1097/00005344-200109000-00008.
doi: 10.1097/00005344-200109000-00008.
doi: 10.1097/00005344-200109000-00008.
doi: 10.1097/00005344-200109000-00008.
doi: 10.1080/08820139.2019.1586917.
doi: 10.1080/08820139.2019.1586917.
doi: 10.1080/08820139.2019.1586917.
doi: 10.1080/08820139.2019.1586917.
doi: 10.1177/0194599811400367.
doi: 10.1177/0194599811400367.
doi: 10.1177/0194599811400367.
doi: 10.1177/0194599811400367.
doi: 10.1161/CIRCRESAHA.116.308445.
doi: 10.1161/CIRCRESAHA.116.308445.
doi: 10.1161/CIRCRESAHA.116.308445.
doi: 10.1161/CIRCRESAHA.116.308445.
doi: 10.18632/oncotarget.24781.
doi: 10.18632/oncotarget.24781.
doi: 10.18632/oncotarget.24781.
doi: 10.18632/oncotarget.24781.
doi: 10.18632/oncotarget.24781.
doi: 10.3390/ijms24087461.
doi: 10.3390/ijms24087461.
doi: 10.3390/ijms24087461.
doi: 10.3390/ijms24087461.
doi: 10.3390/ijms24087461.
doi: 10.1016/j.phrs.2021.105844.
doi: 10.1016/j.phrs.2021.105844.
doi: 10.1016/j.phrs.2021.105844.
doi: 10.1016/j.phrs.2021.105844.
doi: 10.1016/j.phrs.2021.105844.
doi: 10.3390/life12050760.
doi: 10.3390/life12050760.
doi: 10.3390/life12050760.
doi: 10.3390/life12050760.
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\1.	doi: 10.1097\HJH.0b013e3283638b32
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\1.	doi: 10.1097\HJH.0b013e3283638b32
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\1.	doi: 10.1097\HJH.0b013e3283638b32
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\1.	doi: 10.1097\HJH.0b013e3283638b32
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\1.	doi: 10.1097\HJH.0b013e3283638b32
doi: 10.1007/s11325-021-02499-6.
doi: 10.1007/s11325-021-02499-6.
doi: 10.1007/s11325-021-02499-6.
doi: 10.1007/s11325-021-02499-6.
doi: 10.1007/s11325-021-02499-6.
doi: 10.4161/15548627.2014.984271.
doi: 10.4161/15548627.2014.984271.
doi: 10.4161/15548627.2014.984271.
doi: 10.4161/15548627.2014.984271.
doi: 10.4161/15548627.2014.984271.
doi: 10.1161/ATVBAHA.112.300317.
doi: 10.1161/ATVBAHA.112.300317.
doi: 10.1161/ATVBAHA.112.300317.
doi: 10.1161/ATVBAHA.112.300317.
doi: 10.1161/ATVBAHA.112.300317.
doi: 10.3390/ijms20020239.
doi: 10.3390/ijms20020239.
doi: 10.3390/ijms20020239.
doi: 10.3390/ijms20020239.
doi: 10.1074/jbc.RA120.013834.
doi: 10.1074/jbc.RA120.013834.
doi: 10.1074/jbc.RA120.013834.
doi: 10.1074/jbc.RA120.013834.
doi: 10.1074/jbc.RA120.013834.
doi: 10.1016/j.metabol.2009.08.005.
doi: 10.1016/j.metabol.2009.08.005.
doi: 10.1016/j.metabol.2009.08.005.
doi: 10.1016/j.metabol.2009.08.005.
doi: 10.1016/j.metabol.2009.08.005.
doi: 10.1002/jcp.25497.
doi: 10.1002/jcp.25497.
doi: 10.1002/jcp.25497.
doi: 10.1002/jcp.25497.
doi: 10.1097/FPC.0b013e32834a8621.
doi: 10.1097/FPC.0b013e32834a8621.
doi: 10.1097/FPC.0b013e32834a8621.
doi: 10.1097/FPC.0b013e32834a8621.
doi: 10.1016/j.bcp.2011.06.011.
doi: 10.1016/j.bcp.2011.06.011.
doi: 10.1016/j.bcp.2011.06.011.
doi: 10.1016/j.bcp.2011.06.011.
doi: 10.1016/j.bcp.2011.06.011.
doi: 10.1016/j.sjbs.2021.08.051.
doi: 10.1016/j.sjbs.2021.08.051.
doi: 10.1016/j.sjbs.2021.08.051.
doi: 10.1016/j.sjbs.2021.08.051.
doi: 10.1016/j.sjbs.2021.08.051.
doi: 10.1016/j.sjbs.2021.08.051.
doi: 10.1158/1535-7163.MCT-13-1086.
doi: 10.1158/1535-7163.MCT-13-1086.
doi: 10.1158/1535-7163.MCT-13-1086.
doi: 10.1158/1535-7163.MCT-13-1086.
doi: 10.1158/1535-7163.MCT-13-1086.
doi: 10.1158/1535-7163.MCT-13-1086.
doi: 10.1074/jbc.M114.577908.
doi: 10.1074/jbc.M114.577908.
doi: 10.1074/jbc.M114.577908.
doi: 10.1074/jbc.M114.577908.
doi: 10.1074/jbc.M114.577908.
doi: 10.1074/jbc.M114.577908.
doi: 10.3390/ijms231911174.
doi: 10.3390/ijms231911174.
doi: 10.3390/ijms231911174.
doi: 10.3390/ijms231911174.
doi: 10.3390/ijms231911174.
doi: 10.1016/j.jacc.2015.06.1309.
doi: 10.1016/j.jacc.2015.06.1309.
doi: 10.1016/j.jacc.2015.06.1309.
doi: 10.1016/j.jacc.2015.06.1309.
doi: 10.1016/j.jacc.2015.06.1309.


Volume 9 | Issue 2 | 12J Nur Healthcare, 2024

College of Cardiology, 66(8), 905-914. 
214. Wang, K., Hu, J., Luo, T., Wang, Y., Yang, S., Qing, H., ... 

& Li, Q. (2018). Effects of angiotensin-converting enzyme 
inhibitors and angiotensin II receptor blockers on all-cause 
mortality and renal outcomes in patients with diabetes and 
albuminuria: a systematic review and meta-analysis. Kidney 
and Blood Pressure Research, 43(3), 768-779. 

215. Salminen, A. (2024). AMPK signaling inhibits the 
differentiation of myofibroblasts: impact on age-related tissue 
fibrosis and degeneration. Biogerontology, 25(1), 83-106. 

216. Liu, M. W., Liu, R., Wu, H. Y., Chen, M., Dong, M. N., Huang, 
Y. Q., ... & Su, M. X. (2017). Atorvastatin has a protective 
effect in a mouse model of bronchial asthma through regulating 
tissue transglutaminase and triggering receptor expressed on 
myeloid cells 1 expression. Experimental and Therapeutic 
Medicine, 14(2), 917-930. 

217. Duc Nguyen, H., Hoang, N. M. H., Jo, W. H., Ham, J. R., Lee, 
M. K., & Kim, M. S. (2022). Associations among the TREM-
1 pathway, tau hyperphosphorylation, prolactin expression, 
and metformin in diabetes mice. Neuroimmunomodulation, 
29(4), 359-368. 

218. Nishimura, G., Ikeda, M., Mori, K., Nakazawa, T., Ariumi, Y., 
Dansako, H., & Kato, N. (2009). Replicons from genotype 1b 
HCV-positive sera exhibit diverse sensitivities to anti-HCV 
reagents. Antiviral research, 82(1), 42-50. 

219. Diaz-Arocutipa, C., Melgar-Talavera, B., Alvarado-Yarasca, 
Á., Saravia-Bartra, M. M., Cazorla, P., Belzusarri, I., & 
Hernandez, A. V. (2021). Statins reduce mortality in patients 
with COVID-19: an updated meta-analysis of 147 824 
patients. International Journal of Infectious Diseases, 110, 
374-381. 

220. Crimi, E., Rumana, U., Ang, D. N., Cintron, C., Kapisoda, 
K., Zeleznak, W., ... & Napoli, C. (2023). Beneficial effects 
of prehospital use of statins in a large United States cohort 
of hospitalized coronavirus disease 2019 patients. Journal of 
Cardiovascular Medicine (Hagerstown, Md.), 24(3), 172. 

221. Hariyanto, T. I., & Kurniawan, A. (2020). Statin therapy 
did not improve the in-hospital outcome of coronavirus 
disease 2019 (COVID-19) infection. Diabetes & Metabolic 
Syndrome: Clinical Research & Reviews, 14(6), 1613-1615. 

222. REMAP-CAP Investigators. (2023). Simvastatin in critically 
ill patients with Covid-19. New England Journal of Medicine, 
389(25), 2341-2354. 

223. Ren, Y., Wang, G., & Han, D. (2023). Statins in hospitalized 
COVID‐19 patients: A systematic review and meta‐analysis 
of randomized controlled trials. Journal of Medical Virology, 
95(6), e28823.  

224. Fedson DS. Statin withdrawal and treating COVID-19 
patients. Pharmacol Res Perspect. 2021;9:e00861. doi: 
10.1002/prp2.861.

225. Memel, Z. N., Lee, J. J., Foulkes, A. S., Chung, R. T., 
Thaweethai, T., & Bloom, P. P. (2022). Association of statins 
and 28-day mortality rates in patients hospitalized with severe 
acute respiratory syndrome coronavirus 2 infection. The 
Journal of Infectious Diseases, 225(1), 19-29. 

226. Zhang, P., Zhu, L., Cai, J., Lei, F., Qin, J. J., Xie, J., ... & Li, H. 
(2020). Association of inpatient use of angiotensin-converting 
enzyme inhibitors and angiotensin II receptor blockers with 
mortality among patients with hypertension hospitalized with 
COVID-19. Circulation research, 126(12), 1671-1681. 

227. Chu, C., Zeng, S., Hasan, A. A., Hocher, C. F., Krämer, B. 
K., & Hocher, B. (2021). Comparison of infection risks and 
clinical outcomes in patients with and without SARS‐CoV‐2 
lung infection under renin–angiotensin–aldosterone system 
blockade: Systematic review and meta‐analysis. British 
journal of clinical pharmacology, 87(6), 2475-2492. 

228. Sablerolles RSG, Hogenhuis FEF, Lafeber M, van de Loo BPA, 
Borgsteede SD, Boersma E, et al. No association between use 
of ACE inhibitors or angiotensin II receptor blockers prior to 
hospital admission and clinical course of COVID-19 in the 
COvid MEdicaTion (COMET) study. Br J Clin Pharmacol. 
2021:87:3301-9. doi: 10.1111/bcp.14751. 

229. Tereshchenko, L. G., Johnson, K., Khayyat-Kholghi, M., & 
Johnson, B. (2022). Rate of angiotensin-converting enzyme 
inhibitors and angiotensin receptor blockers use and the 
number of COVID-19–confirmed cases and deaths. The 
American Journal of Cardiology, 165, 101-108.  

230. Chambergo-Michilot, D., Runzer-Colmenares, F. M., 
& Segura-Saldaña, P. A. (2023). Discontinuation of 
Antihypertensive Drug Use Compared to Continuation 
in COVID-19 Patients: A Systematic Review with Meta-
analysis and Trial Sequential Analysis. High Blood Pressure 
& Cardiovascular Prevention, 1-15. 

231. Angeli, F., Verdecchia, P., Balestrino, A., Bruschi, C., Ceriana, 
P., Chiovato, L., ... & Bachetti, T. (2022). Renin angiotensin 
system blockers and risk of mortality in hypertensive patients 
hospitalized for COVID-19: an Italian registry. Journal of 
Cardiovascular Development and Disease, 9(1), 15.  

232. Lopes, R. D., Macedo, A. V., Silva, P. G. D. B. E., Moll-
Bernardes, R. J., Dos Santos, T. M., Mazza, L., ... & BRACE 
CORONA Investigators. (2021). Effect of discontinuing vs 
continuing angiotensin-converting enzyme inhibitors and 
angiotensin II receptor blockers on days alive and out of the 
hospital in patients admitted with COVID-19: a randomized 
clinical trial. Jama, 325(3), 254-264. 

233. Zhan, K., Weng, L., Qi, L., Wang, L., Lin, H., Fang, X., ... 
& Ma, X. (2023). Effect of Antidiabetic Therapy on Clinical 
Outcomes of COVID-19 Patients With Type 2 Diabetes: 
A Systematic Review and Meta-Analysis. Annals of 
Pharmacotherapy, 57(7), 776-786. 

234. Ma, Z., & Krishnamurthy, M. (2023). Is metformin use 
associated with low mortality in patients with type 2 diabetes 
mellitus hospitalized for COVID-19? a multivariable and 
propensity score-adjusted meta-analysis. Plos one, 18(2), 
e0282210. 

235. Miao, E., Zhang, K., Liu, J., Lin, J., Yoo, D., & George, C. J. 
(2022). Metformin use and mortality and length of stay among 
hospitalized patients with type 2 diabetes and COVID-19: A 
multiracial, multiethnic, urban observational study. Frontiers 
in Endocrinology, 13, 1002834. 

doi: 10.1016/j.jacc.2015.06.1309.
doi: 10.1159/0004899.
doi: 10.1159/0004899.
doi: 10.1159/0004899.
doi: 10.1159/0004899.
doi: 10.1159/0004899.
doi: 10.1159/0004899.
doi: 10.1007/s10522-023-10072-9.
doi: 10.1007/s10522-023-10072-9.
doi: 10.1007/s10522-023-10072-9.
doi: 10.3892/etm.2017.4576.
doi: 10.3892/etm.2017.4576.
doi: 10.3892/etm.2017.4576.
doi: 10.3892/etm.2017.4576.
doi: 10.3892/etm.2017.4576.
doi: 10.3892/etm.2017.4576.
doi: 10.1159/000521013.
doi: 10.1159/000521013.
doi: 10.1159/000521013.
doi: 10.1159/000521013.
doi: 10.1159/000521013.
doi: 10.1016/j.antiviral.2009.01.007.
doi: 10.1016/j.antiviral.2009.01.007.
doi: 10.1016/j.antiviral.2009.01.007.
doi: 10.1016/j.antiviral.2009.01.007.
doi: 10.1016/j.ijid.2021.08.004.
doi: 10.1016/j.ijid.2021.08.004.
doi: 10.1016/j.ijid.2021.08.004.
doi: 10.1016/j.ijid.2021.08.004.
doi: 10.1016/j.ijid.2021.08.004.
doi: 10.1016/j.ijid.2021.08.004.
doi: 10.2459/JCM.0000000000001441.
doi: 10.2459/JCM.0000000000001441.
doi: 10.2459/JCM.0000000000001441.
doi: 10.2459/JCM.0000000000001441.
doi: 10.2459/JCM.0000000000001441.
doi: 10.1016/j.dsx.2020.08.023.
doi: 10.1016/j.dsx.2020.08.023.
doi: 10.1016/j.dsx.2020.08.023.
doi: 10.1016/j.dsx.2020.08.023.
doi: 10.1056/NEJMoa2309995.
doi: 10.1056/NEJMoa2309995.
doi: 10.1056/NEJMoa2309995.
doi: 10.1002/jmv.28823.
doi: 10.1002/jmv.28823.
doi: 10.1002/jmv.28823.
doi: 10.1002/jmv.28823.
doi: 10.1093/infdis/jiab539.
doi: 10.1093/infdis/jiab539.
doi: 10.1093/infdis/jiab539.
doi: 10.1093/infdis/jiab539.
doi: 10.1093/infdis/jiab539.
doi:10.1161/CIRCRESAHA.120.317134.
doi:10.1161/CIRCRESAHA.120.317134.
doi:10.1161/CIRCRESAHA.120.317134.
doi:10.1161/CIRCRESAHA.120.317134.
doi:10.1161/CIRCRESAHA.120.317134.
doi: 10.1111/bcp.14660.
doi: 10.1111/bcp.14660.
doi: 10.1111/bcp.14660.
doi: 10.1111/bcp.14660.
doi: 10.1111/bcp.14660.
doi: 10.1111/bcp.14660.
doi: 10.1016/j.amjcard.2021.10.050.
doi: 10.1016/j.amjcard.2021.10.050.
doi: 10.1016/j.amjcard.2021.10.050.
doi: 10.1016/j.amjcard.2021.10.050.
doi: 10.1016/j.amjcard.2021.10.050.
doi: 10.1007/s40292-023-00579-0.
doi: 10.1007/s40292-023-00579-0.
doi: 10.1007/s40292-023-00579-0.
doi: 10.1007/s40292-023-00579-0.
doi: 10.1007/s40292-023-00579-0.
doi: 10.1007/s40292-023-00579-0.
doi: 10.3390/jcdd9010015.
doi: 10.3390/jcdd9010015.
doi: 10.3390/jcdd9010015.
doi: 10.3390/jcdd9010015.
doi: 10.3390/jcdd9010015.
doi: 10.1001/jama.2020.25864.
doi: 10.1001/jama.2020.25864.
doi: 10.1001/jama.2020.25864.
doi: 10.1001/jama.2020.25864.
doi: 10.1001/jama.2020.25864.
doi: 10.1001/jama.2020.25864.
doi: 10.1001/jama.2020.25864.
doi: 10.1177/10600280221133577.
doi: 10.1177/10600280221133577.
doi: 10.1177/10600280221133577.
doi: 10.1177/10600280221133577.
doi: 10.1177/10600280221133577.
doi: 10.1371/journal.pone.0282210.
doi: 10.1371/journal.pone.0282210.
doi: 10.1371/journal.pone.0282210.
doi: 10.1371/journal.pone.0282210.
doi: 10.1371/journal.pone.0282210.
doi: 10.3389/fendo.2022.1002834.
doi: 10.3389/fendo.2022.1002834.
doi: 10.3389/fendo.2022.1002834.
doi: 10.3389/fendo.2022.1002834.
doi: 10.3389/fendo.2022.1002834.


Volume 9 | Issue 2 | 13J Nur Healthcare, 2024

236. Horiuchi, M., Cui, T. X., Li, Z., Li, J. M., Nakagami, H., & 
Iwai, M. (2003). Fluvastatin enhances the inhibitory effects of 
a selective angiotensin II type 1 receptor blocker, valsartan, on 
vascular neointimal formation. Circulation, 107(1), 106-112. 

237. Radaelli, A., Loardi, C., Cazzaniga, M., Balestri, G., DeCarlini, 
C., Cerrito, M. G., ... & Ferrari, A. U. (2007). Inflammatory 
activation during coronary artery surgery and its dose-
dependent modulation by statin/ACE-inhibitor combination. 
Arteriosclerosis, thrombosis, and vascular biology, 27(12), 
2750-2755. 

238. Rose, M., Balakumar, P., & Singh, M. (2007). Ameliorative 
effect of combination of fenofibrate and rosiglitazone in 
pressure overload-induced cardiac hypertrophy in rats. 
Pharmacology, 80(2-3), 177-184. 

239. Liu, L., Zhao, S. P., Zhou, H. N., Li, Q. Z., & Li, J. X. (2007). 
Effect of fluvastatin and valsartan, alone and in combination, 
on postprandial vascular inflammation and fibrinolytic 
activity in patients with essential hypertension. Journal of 
cardiovascular pharmacology, 50(1), 50-55. 

240. Liu, Z., Zhao, Y., Wei, F., Ye, L., Lu, F., Zhang, H., ... & Qi, Z. 
(2014). Treatment with telmisartan/rosuvastatin combination 
has a beneficial synergistic effect on ameliorating Th17/Treg 
functional imbalance in hypertensive patients with carotid 
atherosclerosis. Atherosclerosis, 233(1), 291-299. 

241. Klempfner, R., Goldenberg, I., Fisman, E. Z., Matetzky, S., 
Amit, U., Shemesh, J., & Tenenbaum, A. (2014). Comparison 
of statin alone versus bezafibrate and statin combination in 
patients with diabetes mellitus and acute coronary syndrome. 
The American journal of cardiology, 113(1), 12-16. 

242. AlBacha, J. D. A., Khoury, M., Mouawad, C., Haddad, K., 
Hamoui, S., Azar, A., ... & Makdissy, N. (2015). High incidence 
of ACE/PAI-1 in association to a spectrum of other polymorphic 
cardiovascular genes involving PBMCs proinflammatory 
cytokines in hypertensive hypercholesterolemic patients: 
reversibility with a combination of ACE inhibitor and statin. 
PLoS One, 10(5), e0127266.  

243. Xu, C., Fang, D., Chen, X., Xinyue, L., Nie, Y., Xie, Y., ... 
& Song, X. (2015). Effect of telmisartan on the therapeutic 
efficacy of pitavastatin in high-fat diet induced dyslipidemic 
guinea pigs. European journal of pharmacology, 762, 364-
371.  

244. Oidor-Chan, V. H., Hong, E., Pérez-Severiano, F., Montes, S., 
Torres-Narváez, J. C., del Valle-Mondragón, L., ... & Sánchez-
Mendoza, A. (2016). Fenofibrate plus metformin produces 
cardioprotection in a type 2 diabetes and acute myocardial 
infarction model. PPAR research, 2016.  

245. Im Cho, K., Kim, B. H., Park, Y. H., Ahn, J. C., Kim, S. H., 
Chung, W. J., ... & Park, C. G. (2019). Efficacy and safety of 
a fixed-dose combination of candesartan and rosuvastatin on 
blood pressure and cholesterol in patients with hypertension 
and hypercholesterolemia: a multicenter, randomized, double-
blind, parallel phase III clinical study. Clinical Therapeutics, 
41(8), 1508-1521.  

246. Bochar, O. M., Sklyarova, H. Y., Faynyk, A. F., Bochar, V. T., 
Kuzminov, Y. B., & Bazylevych, A. Y. (2020). The effect of 
therapy with olmesartan or telmisartan in patients with arterial 

hypertension combined with obesity. Wiad Lek, 73(2), 321-
324. 

247. Kim, K. S., Hong, S., Han, K., & Park, C. Y. (2022). Fenofibrate 
add-on to statin treatment is associated with low all-cause 
death and cardiovascular disease in the general population 
with high triglyceride levels. Metabolism, 137, 155327. 

248. Hu, W., Li, Y., Zhao, Y., Dong, Y., Cui, Y., Sun, S., ... & Liu, Z. 
(2020). Telmisartan and rosuvastatin synergistically ameliorate 
dementia and cognitive impairment in older hypertensive 
patients with apolipoprotein E genotype. Frontiers in Aging 
Neuroscience, 12, 154.  

249. Kim, K. S., Hong, S., Han, K., & Park, C. Y. (2022). Fenofibrate 
add-on to statin treatment is associated with low all-cause 
death and cardiovascular disease in the general population 
with high triglyceride levels. Metabolism, 137, 155327. 

250. Lee, K. J., Ryu, J. K., Cho, Y. H., Shin, W. Y., Kim, J. S., Yoon, 
Y. W., ... & Kang, S. M. (2023). Effectiveness and Safety of 
a Fixed-Dose Combination of Valsartan and Rosuvastatin 
(Rovatitan® Tablet) in Patients with Concomitant 
Hypertension and Hyperlipidemia: An Observational Study. 
Drug Design, Development and Therapy, 1047-1062. 

251. Rose, M., Balakumar, P., & Singh, M. (2007). Ameliorative 
effect of combination of fenofibrate and rosiglitazone in 
pressure overload-induced cardiac hypertrophy in rats. 
Pharmacology, 80(2-3), 177-184. 

252. Nieuwdorp, M., Stroes, E. S. G., Kastelein, J. J. P., & 
Fenofibrate/Metformin Study Group. (2007). Normalization 
of metabolic syndrome using fenofibrate, metformin or their 
combination. Diabetes, Obesity and Metabolism, 9(6), 869-
878. 

253. Matafome, P., Louro, T., Rodrigues, L., Crisostomo, J., 
Nunes, E., Amaral, C., ... & Seica, R. (2011). Metformin 
and atorvastatin combination further protect the liver in 
type 2 diabetes with hyperlipidaemia. Diabetes/Metabolism 
Research and Reviews, 27(1), 54-62. 

254. Krysiak, R., Gdula-Dymek, A., & Okopień, B. (2013). 
Effect of metformin on selected parameters of hemostasis in 
fenofibrate-treated patients with impaired glucose tolerance. 
Pharmacological Reports, 65(1), 208-213. 

255. Sun, J., Yuan, Y., Cai, R., Sun, H., Zhou, Y., Wang, P., ... & 
Wang, S. (2015). An investigation into the therapeutic effects 
of statins with metformin on polycystic ovary syndrome: a 
meta-analysis of randomised controlled trials. BMJ open, 5(3). 

256. Van Stee, M. F., de Graaf, A. A., & Groen, A. K. (2018). Actions 
of metformin and statins on lipid and glucose metabolism 
and possible benefit of combination therapy. Cardiovascular 
diabetology, 17, 1-22. 

257. Jia, W., Bai, T., Zeng, J., Niu, Z., Fan, D., Xu, X., ... & 
Dai, X. (2021). Combined administration of metformin and 
atorvastatin attenuates diabetic cardiomyopathy by inhibiting 
inflammation, apoptosis, and oxidative stress in type 2 
diabetic mice. Frontiers in Cell and Developmental Biology, 
9, 634900. 

258. Chen, Y. H., Huang, Y. C., Yang, S. F., Yen, H. H., Tsai, H. 
D., Hsieh, M. C., & Hsiao, Y. H. (2021). Pitavastatin and 
metformin synergistically activate apoptosis and autophagy 

doi: 10.1161/01.cir.0000043244.13596.20.
doi: 10.1161/01.cir.0000043244.13596.20.
doi: 10.1161/01.cir.0000043244.13596.20.
doi: 10.1161/01.cir.0000043244.13596.20.
doi: TVBAHA.107.149039. 10.1161/A.
doi: TVBAHA.107.149039. 10.1161/A.
doi: TVBAHA.107.149039. 10.1161/A.
doi: TVBAHA.107.149039. 10.1161/A.
doi: TVBAHA.107.149039. 10.1161/A.
doi: TVBAHA.107.149039. 10.1161/A.
doi: 10.1159/000103917.
doi: 10.1159/000103917.
doi: 10.1159/000103917.
doi: 10.1159/000103917.
doi: 10.1097/FJC.0b013e31805751d3.
doi: 10.1097/FJC.0b013e31805751d3.
doi: 10.1097/FJC.0b013e31805751d3.
doi: 10.1097/FJC.0b013e31805751d3.
doi: 10.1097/FJC.0b013e31805751d3.
doi: 10.1016/j.atherosclerosis.2013.12.004.
doi: 10.1016/j.atherosclerosis.2013.12.004.
doi: 10.1016/j.atherosclerosis.2013.12.004.
doi: 10.1016/j.atherosclerosis.2013.12.004.
doi: 10.1016/j.atherosclerosis.2013.12.004.
doi: 10.1016/j.amjcard.2013.08.033.
doi: 10.1016/j.amjcard.2013.08.033.
doi: 10.1016/j.amjcard.2013.08.033.
doi: 10.1016/j.amjcard.2013.08.033.
doi: 10.1016/j.amjcard.2013.08.033.
doi: 10.1371/journal.pone.0127266.
doi: 10.1371/journal.pone.0127266.
doi: 10.1371/journal.pone.0127266.
doi: 10.1371/journal.pone.0127266.
doi: 10.1371/journal.pone.0127266.
doi: 10.1371/journal.pone.0127266.
doi: 10.1371/journal.pone.0127266.
doi: 10.1016/j.ejphar.2015.06.005.
doi: 10.1016/j.ejphar.2015.06.005.
doi: 10.1016/j.ejphar.2015.06.005.
doi: 10.1016/j.ejphar.2015.06.005.
doi: 10.1016/j.ejphar.2015.06.005.
doi: 10.1155/2016/8237264.
doi: 10.1155/2016/8237264.
doi: 10.1155/2016/8237264.
doi: 10.1155/2016/8237264.
doi: 10.1155/2016/8237264.
doi: 10.1016/j.clinthera.2019.05.007.
doi: 10.1016/j.clinthera.2019.05.007.
doi: 10.1016/j.clinthera.2019.05.007.
doi: 10.1016/j.clinthera.2019.05.007.
doi: 10.1016/j.clinthera.2019.05.007.
doi: 10.1016/j.clinthera.2019.05.007.
doi: 10.1016/j.clinthera.2019.05.007.
doi: 10.1016/j.metabol.2022.155327.
doi: 10.1016/j.metabol.2022.155327.
doi: 10.1016/j.metabol.2022.155327.
doi: 10.1016/j.metabol.2022.155327.
doi: 10.3389/fnagi.2020.00154.
doi: 10.3389/fnagi.2020.00154.
doi: 10.3389/fnagi.2020.00154.
doi: 10.3389/fnagi.2020.00154.
doi: 10.3389/fnagi.2020.00154.
doi: 10.1016/j.metabol.2022.155327.
doi: 10.1016/j.metabol.2022.155327.
doi: 10.1016/j.metabol.2022.155327.
doi: 10.1016/j.metabol.2022.155327.
doi: 10.2147/DDDT.S391288.
doi: 10.2147/DDDT.S391288.
doi: 10.2147/DDDT.S391288.
doi: 10.2147/DDDT.S391288.
doi: 10.2147/DDDT.S391288.
doi: 10.2147/DDDT.S391288.
doi: 10.1159/000103917.
doi: 10.1159/000103917.
doi: 10.1159/000103917.
doi: 10.1159/000103917.
doi: 10.1111/j.1463-1326.2006.00668.x.
doi: 10.1111/j.1463-1326.2006.00668.x.
doi: 10.1111/j.1463-1326.2006.00668.x.
doi: 10.1111/j.1463-1326.2006.00668.x.
doi: 10.1111/j.1463-1326.2006.00668.x.
doi: 10.1002/dmrr.1157
doi: 10.1002/dmrr.1157
doi: 10.1002/dmrr.1157
doi: 10.1002/dmrr.1157
doi: 10.1002/dmrr.1157
doi: 10.1016/s1734-1140(13)70980-0.
doi: 10.1016/s1734-1140(13)70980-0.
doi: 10.1016/s1734-1140(13)70980-0.
doi: 10.1016/s1734-1140(13)70980-0.
doi:10.1136/bmjopen-2014- 007280.
doi:10.1136/bmjopen-2014- 007280.
doi:10.1136/bmjopen-2014- 007280.
doi:10.1136/bmjopen-2014- 007280.
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\doi.org\10.1186\s12933-018-0738-4
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\doi.org\10.1186\s12933-018-0738-4
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\doi.org\10.1186\s12933-018-0738-4
F:\opast pdf\Sunil\JNH\2024\Jan\JNH-24-03\doi.org\10.1186\s12933-018-0738-4
doi: 10.3389/fcell.2021.634900.
doi: 10.3389/fcell.2021.634900.
doi: 10.3389/fcell.2021.634900.
doi: 10.3389/fcell.2021.634900.
doi: 10.3389/fcell.2021.634900.
doi: 10.3389/fcell.2021.634900.
doi: 10.1002/tox.23146. '
doi: 10.1002/tox.23146. '
doi: 10.1002/tox.23146. '


Volume 9 | Issue 2 | 14J Nur Healthcare, 2024

in pancreatic cancer cells. Environmental Toxicology, 36(8), 
1491-1503. 

259. Jia, W., Bai, T., Zeng, J., Niu, Z., Fan, D., Xu, X., ... & 
Dai, X. (2021). Combined administration of metformin and 
atorvastatin attenuates diabetic cardiomyopathy by inhibiting 
inflammation, apoptosis, and oxidative stress in type 2 
diabetic mice. Frontiers in Cell and Developmental Biology, 
9, 634900.  

260. Said, E. S., Elsayed, A. M., Rashed, L. A., Nadwa, E. H., 
Alsuhaibani, N. A., Alfuraih, B. S., & Mahmoud, R. H. 
(2021). Evaluation of nootropic activity of telmisartan and 
metformin on diazepam-induced cognitive dysfunction 
in mice through AMPK pathway and amelioration of 
hippocampal morphological alterations. European Journal of 

Pharmacology, 912, 174511. 
261. Sinha, P., Furfaro, D., Cummings, M. J., Abrams, D., Delucchi, 

K., Maddali, M. V., ... & O’Donnell, M. R. (2021). Latent 
class analysis reveals COVID-19–related acute respiratory 
distress syndrome subgroups with differential responses to 
corticosteroids. American journal of respiratory and critical 
care medicine, 204(11), 1274-1285. 

262. Sinha, P., Kerchberger, V. E., Willmore, A., Chambers, J., 
Zhuo, H., Abbott, J., ... & Calfee, C. S. (2023). Identifying 
molecular phenotypes in sepsis: an analysis of two 
prospective observational cohorts and secondary analysis 
of two randomised controlled trials. The Lancet Respiratory 
Medicine, 11(11), 965-974. 

tyrosine kinase (15-18) TNF (91-94) MCP-1 (165-168)
janus kinase (19-22) FOXP3 (95-98) eNOS/iNOS (169-172)
IL-1 (23-26) Treg (99-102) VCAM-1/ICAM-1 (173-176)
IL-4 (27-30) NADPH oxidase (103-106) VE-cadherin (177-180) 
IL-6 (31-34) IFN (107-110) actin cytoskeleton (181-184)
IL-10 (35-38) TGF-β1 (111-114) VEGF (185-188)
IL-17 (39-42) hs-CRP (115-118) bradykinin (189-192)
lipoxinA4 (43-46) mTOR (119-122) CCR5 (193-196)
HMGB1 (47-50) adiponectin (123-126) CCL-11 (197,198,ACEis/ARBs - nd)
vWF (51-54) PPARα (127-130) FOXM1 (199,200,ARBs - nd, 201)
thrombomodulin (55-58) PPARγ (131-134) sirtuin1 (202-205)
thromboxane-A2 (59-62) α nicotinic Ach receptor

(135,136,ARBs – nd,137)
apelin (206-209)
AhR (210-213)

t-PA (63-66) RAGE (138-141) ATF3 (214,215,ACEis/ARBs – nd)
P-selectin/E-selectin (67-70) ferritin (142-145) DAMP/alarmin (216-219)
PAI-1 (71-74) mitochondria (146-149) TREM-1 (220,221,ACEis/ARBs - nd)
β-arrestin (75-78) HO-1 (150-153) IFNλ (222,ACEis/ARBs/met – nd)
Inflammasome (79-82) KLF4 (154-157) 
AMPK (83-86) angpt2/Tie2 (158-161) GDP15 (stat,ACEis/ARBs,met – nd)
MAPK/Akt (87-90) ACE2 (162-164,met – nd) sox17 (stat,ACEis/ARBs,met – nd)

Table 1: Beneficial effects of statin, ACE inhibitor or ARB treatment on biomarkers of inflammation, mitochondrial functioning 
and/or endothelial barrier integrity
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Adapted from reference 12 and updated. The biomarkers in 
this table are representative and do not include all that affect 
inflammation, mitochondrial functioning or endothelial barrier 
integrity. Beneficial treatment by statins, ACE inhibitors (ACEis) 
or angiotensin receptor blockers (ARBs) is defined as either up 
regulation or down regulation in cell signaling pathways that 
reduce inflammation, improve mitochondrial functioning and/
or improve endothelial barrier integrity. The literature for each 
agent on each biomarker is extensive and individual articles are 
cited. These selected citations are representative and are meant to 
indicate only the relationship between each generic drug and each 
biomarker. 

Abbreviations. α7 nicotinic aCh receptor = alpha7 nicotinic 
acetylcholinesterase receptor; ACE2 = angiotensin converting 
enzyme-2; ACEis – ACE inhibitors; AhR = aryl hydrocarbon 
receptor; Akt = a serine/threonine kinase (also called protein kinase 
B) ; angpt = angiopoietin; AMPK= adenosine monophosphate 
kinase; ARBs = angiotensin receptor blockers; ATF3 = activating 
transcription factor 3; CCR5 = cysteine cysteine chemokine 
receptor 5; CCL-11 = C-C motif chemokine 11 (eotaxin-1); eNOS/
iNOS = endothelial/inducible nitric oxide synthase; DAMP/
alarmin = damage-associated molecular pattern/alarmin; FOXM1 

= fork head box M1; FOXP3 = fork head box P3; HMGB1 = 
high mobility group box 1; hsCRP = highly sensitive C-reactive 
protein; HO-1 = heme oxygenase-1; IFN = interferon; IL-1 = 
interleukin 1; IL-4 = interleukin 4; IL-6 = interleukin 6; IL-10 
= interleukin 10; IL-17 = interleukin 17; KLF4 = Kruppel-like 
factor 4; MAPK/Akt = mitogen-activated protein kinase/three 
members of the serine/threonine protein kinase family; MCP-1 = 
monocyte chemoattractant protein-1; mTOR = mechanistic target 
of rapamycin kinase; met = metformin; NADPH = nicotinamide 
adenine dinuelotide phosphate; nd = no data; PAF = platelet 
activating factor; PAI-1 = plasminogen activator inhibitor-1; PAR 
= protease activator receptor; PPARα = peroxisome proliferative 
activated receptor alpha; PPARγ = peroxisome proliferative 
activated receptor gamma; P-selectin/E-selectin = platelet and 
endothelial selectin; RAGE = receptor for advanced glycation 
end products; stat = statins; TGF-1 = transforming growth 
factor-β1; tie-2 = an endothelial cell-specific tyrosine kinase; tPA 
= tissue plasminogen activator; TREM-1 = triggering receptor 
expressed on myeloid cells 1; Treg = regulatory T cells; TNF = 
tumor necrosis factor; VCAM-1/ICAM-1 = vascular/intercellular 
adhesion molecule-1; VE-cadherin = vascular endothelial-
cadherin; VEGF = vascular endothelial growth factor; vWF = von 
Willebrand Factor 


