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Abstract 



Diabetic nephropathy (DN) refers to the deterioration of kidney function and is one 

of the major public health problems, in spite of medical care developing. This disease is 

multifactorial and their current treatment strategies are only associated with symptomatic 

relief rather than curbing their progression. Phytochemicals have been consistently proposed 

as alternative therapy in modern medicine, but their efficacy is somewhat limited by rapid 

metabolism, insufficient permeability across membranes and decreased its bioavailability and 

stability in tissues. Fortunately, current advances in nanotechnology present opportunities to 

overcome such limitations in delivering active phytochemicals candidates. 

The main goal of this study was to examine the possible regulatory effects of quercetin 

nanoparticles (QUNPs) in compare with native quercetin either with or without metformin on 

DN through different biological, epigenetic, molecular and biochemical measurements in 

addition of the histopathological changes in kidney tissues sections in DN hamsters. The first 

phase of this study used high resolution transmission electron microscope (HR-TEM) image 

to characterize QUNPs and the results revealed that average size of quercetin was in the nano-

scale. The biological trial showed that DN hamsters consumed native or nano quercetin with 

or without metformin caused significant enhancement in nutritional parameters; change in 

body weight, feed intake, feed efficiency ratio, feed conversion ratio and relative weight of 

kidney (P<0.05) as compared to DN untreated group. QUNPs plus metformin treated group 

was the most effective by virtue of their small size and characteristics, followed by group 

consumed native quercetin with metformin. Diabetic and nephropathy biomarkers showed a 

significant improvement in all treated groups as well as increase expression of  insulin receptor 

substrate -1 (IRS-1) and glucose transporter -4 (GLUT-4) genes. Our results illustrated that 

the effect of QUNPs plus metformin was the most effective in IRS-1 and GLUT-4 gene 

expression by 618.18% and 253.33%, respectively that correlated with inhibition of histone 

deacetylase activity (HDACs) by37.52% compared to DN untreated group which in turn 

improved diabetic and nephropathy biomarkers. Results of gene expression were confirmed 

by immunohistochemical analysis. Furthermore, antioxidant effects followed the same 

direction and were apparent through significantly increment in    superoxide dismutase and 

glutathione peroxidase activities. Levels of metabolic dysfunction, inflammation and 

apoptosis also reflect the treatments on DN.  The levels of inflammatory biomarkers 

decreased in all treated groups, while QUNPs with metformin was the most effective of all 

tested treatments, where the level of interleukin-6 and tumor necrosis factor-α was decreased 

by 47.37% 83.75%, respectively compared to DN untreated group. These results were 

confirmed by histochemical examinations in kidney tissues. Interestingly, all tested 

treatments significantly exhibit renal improvement; however, QUNPs with metformin was 

the most effective. 
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