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 Atherosclerosis is the leading cause of death worldwide. It is now widely 
accepted that it is a chronic inflammatory process. Minor inflammation, 
increased oxidative stress, and lipid peroxidation are all the important factors 
in the cancer pathogenesis. Pioglitazone is an oral diabetes medication that 
belongs to the thiazolidinedione’s pharmacological class, a medication that 
acts on the peroxisome proliferator-activated receptor (PPAR). Therefore, the 
PPAR activation prevented coronary artery disease as a result of pioglitazone, 
anti-inflammatory effects, and arteriosclerosis down-regulation of CCR2 in 
circulating monocytes. The aim of this research is to asses if pioglitazone can 
protect rabbits against atherosclerosis. Twenty-four domestic male rabbit 
were divided into three groups; Group I, normal control group (no = 8), Group 
II (no = 8): Rabbits fed a cholesterol diet (the induced untreated group). 
Group III (no = 8): 1% cholesterol l diet oral pioglitazone 3 mg/kg once day 
before breakfast. Animals fed an atherogenic diet had the lower levels of GSH, 
SOD, and higher levels of total cholesterol, triglycerid, HDL-C, LDL-C, VLDL-C, 
atherogenic index, iCAM, and intimal thickness compared with controls (P < 
0.001). In comparison to the induced untreated group, pioglitazone has a 
significant impact on lipid parameters (P < 0.001). Pioglitazone significantly 
reduced the elevation in ICAM, and a mild effect on the aorta thickness 
compared with induced the untreated groups (p < 0.05). The drug resort the 
aortic GSH and SOD level (P < 0.001). 
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Introduction 

Atherosclerosis is regarded as a persistent 

inflammatory reaction of the wall of arteries 

irresponse to dyslipidemia combined with 

endothelial disturbance involving the 

inflammatory recruitment of leukocytes with the 

activation of local vascular cell [1]. The persistent 

inflammation of arterial vascular wall is 

considered to produce multifocal plaque 

development. Plaque is a sticky substance 

comprised of fat, cholesterol, calcium, and other 

things [2]. As plaque builds up, the arteries 

become rigid and narrow acute and chronic 

lumina blockage, irregular blood flow, and 

reduced oxygen availability to target organs are 

all possible outcomes [3]. 

Many inflammatory mediators have been 

identified as having an impact on the progression 

of atherosclerotic plaques. CD40L produced 

within the plaque, for example, has been found to 

boost tissue factor expression in atherosclerotic 

plaques. The smooth cells within the 

atherosclerotic plaque produce various 

inflammatory mediators, including interleukin 

(IL)-1ß, tumor necrosis factor (TNF), IL-6, M-CSF, 

MCP-1, IL-18, IL-17A, and CD-40L, among others 

[4]. 

The acute phase reactants such as C-reactive 

protein (CRP), tumor necrosis factor (TNF), 

interleukin-6 (IL-6), serum amyloid A, and 

fibrinogen are among the most significant 

inflammatory markers because they provide an 

indirect measure of the cytokine-dependent 

inflammatory process in the artery wall [5]. 

CRP may play a direct role in the atherosclerosis 

etiology, according to research. CRP is highly up-

regulated in atheromatous plaques, where it may 

increase LDL-C uptake by macrophages, a critical 

stage in atherogenesis, according endothelial 

cells may also express the intercellular adhesion 

molecules, which may facilitate the recruitment 

of circulating monocytes to plaque locations. In 

addition, the C-reactive protein can bind and 

activate complement in serum, which may result 

in an inflammation increase. These effects appear 

to be mediated via Endothelin-1 and IL-6 release 

produced by CRP [6]. Antioxidants are any 

chemical (molecule, compound, or enzyme) that 

has a substantial antioxidant effect. The majority 

of antioxidants are electron donors, which 

combine with free radicals to produce harmless 

end products like water. As a result, antioxidants 

protect cells from oxidative stress and damage. 

Antioxidants come in various forms [7]. 

TNF- interferes with GSH production through a 

variety of pathways, resulting in reduced GSH 

levels. TNF-alpha production is also increased by 

the oxidative stress. As a result of the GSH 

disruptions and increased TNF-alpha 

production/activation, a pathogenic loop or 

vicious cycle is developed [8, 9]. 

Pioglitazone is an antihyperglycaemic agent 

(thiazolidinedione-type) that improves hepatic 

and peripheral insulin sensitivity in the presence 

of insulin resistance, inhibiting hepatic 

gluconeogenesis and increasing peripheral and 

splanchnic glucose uptake. Pioglitazone is 

generally well tolerated. There are no known 

drug interactions, and no known emergent 

adverse events in interaction between 

pioglitazone and other medications pioglitazone 

can used as mono-therapy or in a combination 

with metformin, repaglinide, insulin resistance, 

or a sulfonylurea, all induced both long- and 

short-term insulin resistance [10]. 

Improvements in glycemic control and serum 

lipid profiles happen in the short-term. In 

addition, pioglitazone was effective at lowering 

certain measures of cardiovascular risk and 

arteriosclerosis. Thus, pioglitazone represents an 

effective treatment option for management of 

type 2 diabetes patients (Table 1) [11]. 

Pioglitazone increases whole-body adiposity by 

boosting lipid storage and redistribution from 

visceral to subcutaneous deposits, as well as 

adipocyte differentiation. It further appears to 

have antihypertensive, atherosclerosis, and 

antihypertensive actions [12]. 

Materials and Methods 

24 domestic male rabbits from the surrounding 

area were divided into three groups; 

Group I normal Control group (n = 8). 

Group II (n = 8): Rabbits fed a 1% cholesterol diet 

(induced untreated group).  
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Group III (n = 8): 1% cholesterol diet + oral 

pioglitazone 3 mg/kg once day before breakfast. 

Blood samples were taken before (0 time) and 

after every 2 weeks of atherogenic meals to test 

blood triglycerides (TG), total cholesterol (TC), 

HDL-C, VLDL-C, and ICAM. The aorta was excised 

after 10 weeks to evaluate aortic SOD, reduced 

glutathione (GSH), and aortic intimal thickness. 

The typical rabbit diet was comprised of 10% 

wheat, 40% grass powder, 13% soybean cake, 

20% maize, 10% wheat bran, 3% fish flour, 1% 

salt, 3% bone meal, and 1% multivitamins 

(percent by weight).  

Results and Discussion 

There was a significant change in the body weight 

of pioglitazone receiving group and induced 

untreated group, while an insignificant change 

was observed in body weight of pioglitazone 

receiving group and normal group. There was a 

significant difference in serum levels of TC, TG, 

LDL, and VLDL-C between the normal control 

group (I) and the groups on an atherogenic diet 

(II and III), and there were significant differences 

in the serum level of induced untreated group (II) 

and pioglitazone treated group (III). The baseline 

values of serum ICAM were not statistically 

significant in any of the groups prior to the trial 

(Table 2, Figure 1). The ICAM levels in the 

induced untreated group significantly were 

raised after 2 weeks of atherogenic diet. After 8 

weeks, the ICAM level was significantly increased 

compared with zero time. After 10 weeks, the 

serum ICAM levels of the pioglitazone treated 

groups were considerably (P<0.001) lower than 

those of the induced untreated group (II). The 

treated groups had significantly greater aortic 

GSH levels than the induced untreated group (II). 

Pioglitazone (III) treated group had significantly 

higher aortic SOD levels after 10 weeks than the 

induced untreated group (II). Also, a significant 

improvement (P >0.001) was observed in 

atherosclerosis histological intima thickness 

(Table 3, Figure 2, 3). 

Table 1: Serum lipid profile (TC, TG, and HDL) by using paired T- test  

  TC (mg/dl) TG (mg/dl) HDL (mg/dl) 

Control Normal (I) 
Zero time 28.37±3.28 88.7±2.04 20.20±0.72 

10 weeks 44.63±3.93 75.41±8.44 17.05±3.23 

Induced untreated (II) 
Zero time 44.64±8.25 78.36±6.89 24.8±4.61 

10 weeks 1026.38±14.83 451.7±14.3* 33.3±5.23* 

Pioglitazone group (III) 
Zero time 47.87±5.15 77.61±4.32 14.62±2.37 

10 weeks 447.37±15.39* 429.1±14.27* 43.14±6.0* 

*p<0.001 

Table 2: Serum levels of inflammatory marker ICAM in rabbit by using paired T-test  

  ICAM-1(pg/ml) 

Control normal (I) 
Zero time 55.4±2.34 

10 weeks 70.50±3.84 

Induced untreated (II) 
Zero time 73.2±3.21 

10 weeks 125.8±1.67⁂ 

Pioglitazone group (III) 3 mg/kg 
Zero time 63.2±4.21 

10 weeks 105.2±2.97⁂ 

P<0.001 

Table 3: Average values of SOD and GSH for aortic oxidative stress by using paired T-test  

 Aortic GSH (ng/l) aorta Aortic SOD (pg/ml) aorta 

Control normal (I) 23.36 ± 1.76 330.4±27.20 

Induced untreated (II) 15.23 ± 1.43* 180.1±23.92* 

Pioglitazone group (III) 20.95 ± 2.10** 276.6±19.03** 

**P<0.05, as compared with normal control, *P<0.05, as compared with induced untreated 
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Figure 1: Effect of pioglitazone on the serum level of TC, TG, and HDL  
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Figure 2: Comparison between the group and effect of pioglitazone on ICAM level 

 

Figure 3: The formation of arterial wall layers in aortic arch of rabbits feed normal diet 
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A common and serious complication of type two 

diabetes is accelerated atherosclerosis, which is 

accompanied by a high-risk of premature 

mortality from cardiovascular disease (such as 

coronary heart disease) [13]. Therefore, it is 

essential for the management of individuals with 

this entity to avoid the onset, or development of 

atherosclerosis, and to maintain the appropriate 

glycemic control. The goal of the current study 

was to evaluate how pioglitazone affected 

oxidative and inflammatory pathways to treat 

atherosclerosis. Our findings showed that eating 

a high-cholesterol diet for 10 weeks, increased all 

serum cholesterol profile part and accelerated 

the development of atherosclerotic lesions, such 

as the intima thickening and/or accumulation of 

lipid droplets beneath endothelial cells in the 

carotid artery. In addition, the findings of the 

current study demonstrated that pioglitazone 

treatment could dramatically reduce ICAM-1 and 

other inflammatory markers, which were shown 

to be much greater in atherosclerotic rabbits. 

This particular study shows that treatment with 

pioglitazone appeared to have a significant effect 

on lipid parameters when compared with the 

induced un-treated group. 

The findings of this investigation are consistent 

with Bahriz et al. (2021) and Ishii (2022) who 

had discovered that there was a considerable 

change in lipid characteristics in rabbits that had 

been given cholesterol, and then treated with 

pioglitazone, and this may be due to that 

pioglitazone decreases the cholesterol levels 

through improving the cholesterol clearance 

from the circulation. This is most likely 

accomplished by an increase in lipoprotein 

lipase-mediated lipolysis, and treatment with 

pioglitazone for an extended period of time 

resulted in sustained improvements in both 

triglyceride and HDL-C levels (Figures 4, 5) [14]. 

 

Figure 4: The formation of arterial wall layers in aortic arch of rabbits feed atherogenic diet for 10 weeks  

 

Figure 5: The formation of arterial wall layers in aortic arch of rabbits feed pioglitazone hyperlipidemia for 10 
weeks 
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This investigation was agree with Liang et al. 

(2021)and Shah and Rathi (2022) which indicate 

pioglitazone have a considerable effect on lipid 

profiles and glucose homeostasis because of the 

stimulating effect they have on peroxisome 

proliferator-activated receptor gamm (PPAR) 

receptors. Meanwhile, pioglitazone has the 

potential to drastically reduce TG levels while 

simultaneously raising the HDL levels. 

It is possible that the anti-inflammatory 

properties of pioglitazone were responsible for 

preventing coronary arteriosclerosis. 

Pioglitazone has been shown to have anti-

inflammatory and anti-arteriosclerotic 

properties, which may be mediated by the drug's 

ability to down regulate the CCR2 expression in 

circulating and lesion monocytes. Pioglitazone 

may have the unique anti-inflammatory effects 

through inhibiting the CCR2-mediated 

inflammation [15, 16]. 

Aortic SOD level was dramatically decreased by 

pioglitazone indicating a reduction in ROS and 

the ensuing lipid peroxidation. In hyper-

cholesterolemic rabbits, pioglitazone also had a 

significant impact on the aortic GSH levels, 

preventing GSH depletion and maintaining the 

antioxidant reserve necessary for vascular 

protection against lipid peroxide and pioglitazone 

consistently caused a considerable drop in the 

Aortic LPO (lipid peroxide test) level [17]. 

Pioglitazone significantly reduce the tissue MDA 

level in diabetic rat [18], and it may have the 

ability to up-regulate the genes for antioxidant 

enzymes including PON1, SOD, and CAT by 

inhibiting the nuclear factor kappa-B (NF-B), 

which is redox sensitive [19, 20]. Another 

explanation for pioglitazone's antioxidant 

capability is that it possesses agonistic properties 

for the PPAR receptor [21, 22]. 

In this work, pioglitazone was reported to 

dramatically decrease the elevation of 

inflammatory markers (ICAM) in a hyper-

cholesterolemic rabbit atherosclerosis model 

which suggests that pioglitazone inhibits the 

vascular inflammation caused by a high-

cholesterol diet. This finding was made possible 

by the fact that the rabbits were fed a high-

cholesterol diet [23-28]. 

Conclusion 

The findings of the current study suggest that 

pioglitazone may reduce the evolution of 

atherosclerosis in hyper-cholesterolemic rabbits 

by interfering with inflammatory and oxidative 

pathways and influencing lipid parameters. 

Acknowledgments 

Praise Be to our Almighty Allah, The Gracious 

Who gives me the power and motivation with 

inspiration to complete the present work. I am 

heartily thankful to my supervisor Asst. Prof. Dr. 

Fadhil AbdulJabbar Rizij, for his encouragement, 

guidance and support through all the stages of 

the research. His knowledge, brilliant ideas and 

enthusiasm have been invaluable to this work 

and his help cannot be measured but are 

sincerely appreciated. I would like to express my 

thanks to Asst. Prof. Dr. Ihsan Salah Rabeea dean 

of faculty of pharmacy, for his support. Special 

gratitude and thanks to Asst. Prof. Dr. Ahmed 

Jalal, Dean Deputy for Scientific Affairs, for his 

help and support. Special gratitude is also 

extended to Dr. Rafid M. Ali Haasson for his great 

efforts, guidance, and valuable advices in that 

have contributed to work. I would like to express 

my deepest thanks and gratefulness to Dr. Rihab 

Hameed Al-Mudhafar in The Middle Euphrates 

unit for Cancer researches for her kind help and 

valuable comments in histopathology. Special 

gratitude is also expressed to Dr. Ahmed Al-kufy 

who helped me in the field of homogenization. 

Special gratitude is also expressed to Dr. Salim 

fayez And Assist Prof. Dr Abdul-Kareem Al -

Mayahi for his help in statical analysis. Pecial 

gratitude and thanks are also forwarded to Dr. 

Sadeq alkaabi for his kind help. I would like to 

express my thanks to Mohammed Alaa for his 

help with this work great and special thanks to 

my lovely family, without them, I wouldn't be 

able to perform this work. 

Funding 

This research did not receive any specific grant 

from funding agencies in the public, commercial, 

or not-for-profit sectors. 

 



 Nazar hashem H., et al. / J. Med. Chem. Sci. 2023, 6(4) 746-754 

752 | P a g e  

 

Authors' contributions 

All authors contributed to data analysis, drafting, 

and revising of the paper and agreed to be 

responsible for all the aspects of this work. 

Conflict of Interest 

There are no conflicts of interest in this study. 

ORCID: 

Hajar Nazar Hashem 

https://orcid.org/ 0000-0003-4946-9937 

References 

[1]. Al Qahtany F.H.M., Al Shali H.A., Bayamin A.A., 

Alzabien H.S., Alrehaili A.A.M., Aldalbahi H.M.Z., Al 

Awadh H.M., Yousif M.M., Alqurashi K.A., Aljehani 

N.A., Alazwari M.T., Alghamdi M.T., 

Atherosclerosis : Pathophysiology and 

Management. The Egyptian Journal of Hospital 

Medicine, 2018, 70:82 [Crossref], [Google 

Scholar], [Publisher]  

[2]. Libby P., The changing landscape of 

atherosclerosis. Nature, 2021, 592:524 

[Crossref], [Google Scholar], [Publisher]  

[3]. Björkegren J.L.M., Lusis A.J., Atherosclerosis: 

Recent developments, Cell, 2022, 185:1630 

[Crossref], [Google Scholar], [Publisher]  

[4]. Liu S., Wang J., Wu S., Niu J., Zheng R., Bie L., 

Xin Z., Wang S., Lin H., Zhao Z., Wang T., Xu M., Lu 

J., Chen Y., Xu Y., Wang W., Ning G., Bi Y., Li M., Xu 

Y., The progression and regression of metabolic 

dysfunction-associated fatty liver disease are 

associated with the development of subclinical 

atherosclerosis: A prospective analysis, 

Metabolism, 2021, 120:154779 [Crossref], 

[Google Scholar], [Publisher]  

[5]. Torzewski J., Brunner P., Ries W., Garlichs 

C.D., Kayser S., Heigl F., Sheriff A., Targeting C-

Reactive Protein by Selective Apheresis in 

Humans: Pros and Cons, Journal of Clinical 

Medicine, 2022, 11:1771 [Crossref], [Google 

Scholar], [Publisher]   

[6]. Shi M., Li Z.Y., Zhang L.M., Wu X.Y., Xiang S.H., 

Wang Y.G., Zhang Y.Q., Hsa_circ_0007456 

regulates the natural killer cell-mediated 

cytotoxicity toward hepatocellular carcinoma via 

the miR-6852-3p/ICAM-1 axis, Cell Death & 

Disease, 2021, 12:1 [Crossref], [Google Scholar], 

[Publisher]  

[7]. Morvaridzadeh M., Sepidarkish M., 

Daneshzad E., Akbari A., Mobini G.R., Heshmati J., 

The effect of pomegranate on oxidative stress 

parameters: A systematic review and meta-

analysis. Complementary Therapies in Medicine, 

2020, 48:102252 [Crossref], [Google Scholar], 

[Publisher]  

[8]. Nardi J., Nascimento S., Göethel G., Gauer B., 

Sauer E., Fao N., Cestonaro L., Peruzzi C., Souza J., 

Garcia S.C., Inflammatory and oxidative stress 

parameters as potential early biomarkers for 

silicosis, Clinica Chimica Acta, 2018, 484:305 

[Crossref], [Google Scholar], [Publisher]  

[9]. Mercogliano M.F., Bruni S., Mauro F., Elizalde 

P.V., Schillaci R., Harnessing tumor necrosis factor 

alpha to achieve effective cancer immunotherapy, 

Cancers, 2021, 13:564 [Crossref], [Google 

Scholar], [Publisher]  

[10]. Spence J.D., Viscoli C., Kernan W.N., Young 

L.H., Furie K., DeFronzo R., Abdul -Ghani M., 

Dandona P., Inzucchi S.E., Efficacy of lower doses 

of pioglitazone after stroke or transient ischaemic 

attack in patients with insulin resistance, 

Diabetes, Obesity and Metabolism, 2022, 24:1150 

[Crossref], [Google Scholar], [Publisher]  

[11]. Pi I., Herbet M., Gawro M., Regulation of 

Neuroinflammatory Signaling by PPAR γ Agonist 

in Mouse Model of Diabetes, International Journal 

of Molecular Sciences, 2022, 23:5502 [Crossref], 

[Google Scholar], [Publisher]  

[12]. Biggio G. Biggio F., Talani G., Mostallino M.C., 

Aguglia A., Aguglia E., Palagini L., Melatonin: From 

neurobiology to treatment, Brain Sciences, 2021, 

11:1121 [Crossref], [Google Scholar], [Publisher]  

[13]. Bahriz A., Ismaiel Y., Abdelhameed A., 

Elsayed F., Effect of Sitagliptin, Pioglitazone and 

Dapagliflozine on Myocardial Infarction Induced 

Experimentally in Diabetic Rats, Benha Medical 

Journal, 2021, 38:147 [Crossref], [Google 

Scholar], [Publisher]  

[14]. Liang, J., Huang Y., Mai Z., Zhan Q., Lin H., Xie 

Y., Wang H., Liu Y., Luo C., Integrating network 

pharmacology and experimental validation to 

decipher the mechanism of action of Huanglian 

jiedu decoction in treating atherosclerosis, Drug 

https://orcid.org/%200000-0003-4946-9937
https://doi.org/10.12816/0042966
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Atherosclerosis%E2%80%AF%3A+Pathophysiology+and+Management.+&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Atherosclerosis%E2%80%AF%3A+Pathophysiology+and+Management.+&btnG=
https://platform.almanhal.com/Reader/Article/111410
https://doi.org/10.1038/s41586-021-03392-8
https://doi.org/10.1093/ehjqcco/qcaa076
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+changing+landscape+of+atherosclerosis&btnG=
https://www.nature.com/articles/s41586-021-03392-8
https://doi.org/10.1016/j.cell.2022.04.004
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Atherosclerosis%3A+Recent+developments&btnG=&oq=Atherosclerosis%3A+Recent+developments
https://www.cell.com/cell/fulltext/S0092-8674(22)00400-7?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0092867422004007%3Fshowall%3Dtrue
https://doi.org/10.1016/j.metabol.2021.154779
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+progression+and+regression+of+metabolic+dysfunction-associated+fatty+liver+disease+are+associated+with+the+development+of+subclinical+atherosclerosis%3A+A+prospective+analysis&btnG=
https://www.metabolismjournal.com/article/S0026-0495(21)00079-2/fulltext
https://doi.org/10.3390/jcm11071771
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Targeting+C-Reactive+Protein+by+Selective+Apheresis+in+Humans%3A+Pros+and+Cons&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Targeting+C-Reactive+Protein+by+Selective+Apheresis+in+Humans%3A+Pros+and+Cons&btnG=
https://www.mdpi.com/2077-0383/11/7/1771
https://doi.org/10.1038/s41419-020-03334-8
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Hsa_circ_0007456+regulates+the+natural+killer+cell-mediated+cytotoxicity+toward+hepatocellular+carcinoma+via+the+miR-6852-3p%2FICAM-1+axis.+&btnG=
https://www.nature.com/articles/s41419-020-03334-8
https://doi.org/10.1016/j.ctim.2019.102252
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+effect+of+pomegranate+on+oxidative+stress+parameters%3A+A+systematic+review+and+meta-analysis&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0965229919301979?via%3Dihub
https://doi.org/10.1016/j.cca.2018.05.045
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Inflammatory+and+oxidative+stress+parameters+as+potential+early+biomarkers+for+silicosis&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0009898118302638?via%3Dihub
https://doi.org/10.3390/cancers13030564
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Harnessing+Tumor+Necrosis+Factor+Alpha+to+Achieve+Effective+Cancer+Immunotherapy&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Harnessing+Tumor+Necrosis+Factor+Alpha+to+Achieve+Effective+Cancer+Immunotherapy&btnG=
https://www.mdpi.com/2072-6694/13/3/564
https://doi.org/10.1111/dom.14687
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Efficacy+of+lower+doses+of+pioglitazone+after+stroke+or+transient+ischaemic+attack+in+patients+with+insulin+resistance&btnG=
https://dom-pubs.onlinelibrary.wiley.com/doi/10.1111/dom.14687
https://doi.org/10.3390/ijms23105502
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Regulation+of+Neuroinflammatory+Signaling+by+PPAR%CE%B3+Agonist+in+Mouse+Model+of+Diabetes&btnG=
https://www.mdpi.com/1422-0067/23/10/5502
https://doi.org/10.3390/brainsci11091121
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Melatonin%3A+From+Neurobiology+to+Treatment&btnG=
https://www.mdpi.com/2076-3425/11/9/1121
https://doi.org/10.21608/BMFJ.2021.146796
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=%09+Effect+of+Sitagliptin%2C+Pioglitazone+and+Dapagliflozine+on+Myocardial+Infarction+Induced+Experimentally+in+Diabetic+Rats&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=%09+Effect+of+Sitagliptin%2C+Pioglitazone+and+Dapagliflozine+on+Myocardial+Infarction+Induced+Experimentally+in+Diabetic+Rats&btnG=
https://bmfj.journals.ekb.eg/article_146796.html


 Nazar hashem H., et al. / J. Med. Chem. Sci. 2023, 6(4) 746-754 

753 | P a g e  

 

Design, Development and Therapy, 2021, 15:1779 

[Crossref], [Google Scholar], [Publisher]  

[15]. Bilginoglu A., Cardiovascular protective 

effect of pioglitazone on oxidative stress in rats 

with metabolic syndrome, Journal of the Chinese 

Medical Association, 2019, 82:452 [Crossref], 

[Google Scholar], [Publisher]  

[16]. Li Y., Long J., Li L., Liu L., Yu Z., Hou B., Liang 

Y., Yu J., Niu X., Pioglitazone Protect PC12 Cells 

Against Oxidative Stress Injury: Involvement of 

Anti-apoptotic Effect and PPARγ Activation, 2021 

[Crossref], [Google Scholar], [Publisher]  

[17]. Xu Y., Al-Mualm M., Terefe E.M., 

Shamsutdinova M.I., Opulencia M.J.C., Alsaikhan 

F., Jalil A.T., Hammid A.T., Enayati A., Mirzaei H., 

Khori V., Jabbari A., Salehi A., Soltani A., Mohamed 

A., Prediction of COVID-19 manipulation by 

selective ACE inhibitory compounds of Potentilla 

reptant root: In silico study and ADMET profile, 

Arabian Journal of Chemistry, 2022, 15:103942 

[Crossref], [Google Scholar], [Publisher]  

[18]. Ghaffar S., Naqvi M.A., Fayyaz A., Abid M.K., 

Khayitov K.N., Jalil A.T., Alsaikhan F., Hammid 

A.T., Al-Gazally M.E., Mohammadparast V., Jannat 

B., Nouri M., What is the influence of grape 

products on liver enzymes? A systematic review 

and meta‐analysis of randomized controlled 

trials, Complementary Therapies in Medicine, 

2022, 69:102845 [Crossref], [Google Scholar], 

[Publisher]  

[19]. Kumhar K.C., Beniwal B.S., Jat R.D., Patel B., 

Kumar A., Raj H., Kumar M., Kumar N., Kumar S., 

Plant Disease Management Approaches for 

Organic Crop Production in Indian Scenario: A 

Critical Review, Journal of Plant Bioinformatics 

and Biotechnology, 2022, 2:1 [Crossref], [Google 

Scholar], [Publisher]  

[20]. Mohtashami R., Naraki H., Askari Y., 

Improving yield, mucilage, and seed oil of the 

Balangu (Lallemantia spp) landraces in dryland 

conditions, Journal of Plant Bioinformatics and 

Biotechnology, 2022, 2:11 [Crossref], [Google 

Scholar], [Publisher] 

[21]. Hu X., Derakhshanfard A.H., Khalid I., Jalil 

A.T., Opulencia M.J.C., Dehkordi R.B., Toghraie D., 

Hekmatifar M., Sabetvand R., The microchannel 

type effects on water-Fe3O4 nanofluid atomic 

behavior: Molecular dynamics approach, Journal 

of the Taiwan Institute of Chemical Engineers, 

2022, 135:104396 [Crossref], [Google Scholar], 

[Publisher]  

[22]. Sadeghi M., Yousefi Siavoshani A., Bazargani 

M., Jalil A.T., Ramezani M., Poor Heravi M.R., 

Dichlorosilane adsorption on the Al, Ga, and Zn-

doped fullerenes, Monatshefte für Chemie-

Chemical Monthly, 2022, 153:427 [Crossref], 

[Google Scholar], [Publisher]  

[23]. Chupradit S., Nasution M.K., Rahman H.S., 

Suksatan W., Jalil A.T., Abdelbasset W., Bokov D., 

Markov A., Fardeeva I.N., Widjaja G., Shalaby M.N., 

Saleh M.M., Mustafa Y.F., Surendar A., Bidares R., 

Various types of electrochemical biosensors for 

leukemia detection and therapeutic approaches, 

Analytical Biochemistry, 2022, 654:114736 

[Crossref], [Google Scholar], [Publisher]  

[24]. Sivaraman R., Patra I., Opulencia M.J.C., 

Sagban R., Sharma H., Jalil A.T., Ebadi A.G., 

Evaluating the potential of graphene-like boron 

nitride as a promising cathode for Mg-ion 

batteries, Journal of Electroanalytical Chemistry, 

2022, 917:116413 [Crossref], [Google Scholar], 

[Publisher]  

[25]. Anzum R., Alawamleh H.S.K., Bokov D.O., 

Jalil A.T., Hoi H.T., Abdelbasset W.K., Thi Thoi N., 

Widjaja G., Kurochkin A., A review on separation 

and detection of copper, cadmium, and chromium 

in food based on cloud point extraction 

technology, Food Science and Technology, 2022, 

42 [Crossref], [Google Scholar], [Publisher] 

[26]. Gunawan W., Rudiansyah M., Sultan M.Q., 

Ansari M.J., Izzat S.E., Al Jaber M.S., Kzar H.H., 

Mustafa Y.F., Hammid A.T., Jalil A.T., Aravindhan 

S., Effect of tomato consumption on inflammatory 

markers in health and disease status: A 

systematic review and meta-analysis of clinical 

trials, Clinical Nutrition ESPEN, 2022, 50:93 

[Crossref], [Google Scholar], [Publisher]  

[27]. Saleh R.O., Bokov D.O., Fenjan M.N., 

Abdelbasset W.K., Altimari U.S., Jalil A.T., ... & Cao 

Y., Application of aluminum nitride nanotubes as 

a promising nanocarriers for anticancer drug 5-

aminosalicylic acid in drug delivery system. 

Journal of Molecular Liquids, 2022, 352:118676 

[Crossref], [Google Scholar], [Publisher]  

[28]. Ali M., Opulencia M.J.C., Chandra T., Chandra 

S., Muda I., Dias R., Chetthamrongchai P., Jalil A.T., 

https://doi.org/10.2147/DDDT.S304911
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Integrating+Network+Pharmacology+and+Experimental+Validation+to+Decipher+the+Mechanism+of+Action+of+Huanglian+Jiedu+Decoction+in+Treating+Atherosclerosis&btnG=
https://www.dovepress.com/integrating-network-pharmacology-and-experimental-validation-to-deciph-peer-reviewed-fulltext-article-DDDT
https://doi.org/10.1097/JCMA.0000000000000103
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Cardiovascular+protective+effect+of+pioglitazone+on+oxidative+stress+in+rats+with+metabolic+syndrome&btnG=
https://journals.lww.com/jcma/Fulltext/2019/06000/Cardiovascular_protective_effect_of_pioglitazone.3.aspx
https://doi.org/10.21203/rs.3.rs-900445/v1
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Pioglitazone+Protect+PC12+Cells+Against+Oxidative+Stress+Injury%3A+Involvement+of+Anti-apoptotic+Effect+and+PPAR%CE%B3+Activation&btnG=
https://www.researchsquare.com/article/rs-900445/v1
https://doi.org/10.1016/j.arabjc.2022.103942
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Prediction+of+COVID-19+manipulation+by+selective+ACE+inhibitory+compounds+of+Potentilla+reptant+root%3A+In+silico+study+and+ADMET+profile&btnG=
https://www.sciencedirect.com/science/article/pii/S1878535222002581?via%3Dihub
https://doi.org/10.1016/j.ctim.2022.102845
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=What+is+the+influence+of+grape+products+on+liver+enzymes%3F+A+systematic+review+and+meta%E2%80%90analysis+of+randomized+controlled+trials&btnG=
https://www.sciencedirect.com/science/article/pii/S0965229922000474?via%3Dihub
https://doi.org/10.22034/jpbb.2022.327017.1018
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Plant+disease+management+approaches+for+organic+crop+production+in+Indian+scenario%3A+A+critical+review&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Plant+disease+management+approaches+for+organic+crop+production+in+Indian+scenario%3A+A+critical+review&btnG=
http://jpbb.samipubco.com/article_148910.html
https://doi.org/10.22034/JPBB.2022.339316.1022
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Improving+yield%2C+mucilage+and+seed+oil+of+the+Balangu+%28Lallemantia+spp%29+landraces+in+dryland+conditions&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Improving+yield%2C+mucilage+and+seed+oil+of+the+Balangu+%28Lallemantia+spp%29+landraces+in+dryland+conditions&btnG=
http://jpbb.samipubco.com/article_151261.html
https://doi.org/10.1016/j.jtice.2022.104396
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=The+microchannel+type+effects+on+water-Fe3O4+nanofluid+atomic+behavior%3A+Molecular+dynamics+approach&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1876107022001936?via%3Dihub
https://doi.org/10.1007/s00706-022-02926-8
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Dichlorosilane+adsorption+on+the+Al%2C+Ga%2C+and+Zn-doped+fullerenes&btnG=
https://link.springer.com/article/10.1007/s00706-022-02926-8
https://doi.org/10.1016/j.ab.2022.114736
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Various+types+of+electrochemical+biosensors+for+leukemia+detection+and+therapeutic+approaches&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0003269722001920?via%3Dihub
https://doi.org/10.1016/j.jelechem.2022.116413
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Evaluating+the+potential+of+graphene-like+boron+nitride+as+a+promising+cathode+for+Mg-ion+batteries&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1572665722004052?via%3Dihub
https://doi.org/10.1590/fst.80721
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=A+review+on+separation+and+detection+of+copper%2C+cadmium%2C+and+chromium+in+food+based+on+cloud+point+extraction+technology.+&btnG=
https://www.scielo.br/j/cta/a/BZSyKWtJ9YpR6M6hykG8x9G/abstract/?lang=en
https://doi.org/10.1016/j.clnesp.2022.04.019
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Effect+of+tomato+consumption+on+inflammatory+markers+in+health+and+disease+status%3A+A+systematic+review+and+meta-analysis+of+clinical+trials&btnG=
https://clinicalnutritionespen.com/article/S2405-4577(22)00243-1/fulltext
https://doi.org/10.1016/j.molliq.2022.118676
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Application+of+aluminum+nitride+nanotubes+as+a+promising+nanocarriers+for+anticancer+drug+5-aminosalicylic+acid+in+drug+delivery+system&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167732222002136?via%3Dihub


 Nazar hashem H., et al. / J. Med. Chem. Sci. 2023, 6(4) 746-754 

754 | P a g e  

 

An Environmentally Friendly Solution for Waste 

Facial Masks Recycled in Construction Materials, 

Sustainability, 2022, 14:8739 [Crossref], [Google 

Scholar], [Publisher] 

 
HOW TO CITE THIS ARTICLE 
Hajar Nazar hashem, Fadhil A. Rizij. Anti-Atherosclerotic Effects of Pioglitazon by Interference with Inflammatory and 
Stress Pathway in Male Rabbits. J. Med. Chem. Sci., 2023, 6(4) 746-754 
https://doi.org/10.26655/JMCHEMSCI.2023.4.5  
URL: http://www.jmchemsci.com/article_158540.html 

 

https://doi.org/10.3390/su14148739
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=An+Environmentally+Friendly+Solution+for+Waste+Facial+Masks+Recycled+in+Construction+Materials&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=An+Environmentally+Friendly+Solution+for+Waste+Facial+Masks+Recycled+in+Construction+Materials&btnG=
https://www.mdpi.com/2071-1050/14/14/8739
https://doi.org/10.26655/JMCHEMSCI.2023.4.5

