












 



LIST OF TABLES 



LIST OF FIGURES 



ABSTRACT 



LIST OF ABBREVIATIONS USED 

°











ACKNOWLEDGEMENTS 



CHAPTER 1 INTRODUCTION 

1.1 General Overview 



1.2 Defining frailty, its implications for the health system, and 

current knowledge 





1.3 Frailty versus aging 



1.4 Measuring frailty 







1.5 Preclinical models of frailty 



1.6 Biomarkers for frailty 
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1.7 Limitations to biomarker discovery 



1.8 Pathogenesis of frailty in organs and systems 





1.9 Kidney anatomy and function 

 

1.9.1 Basic kidney anatomy  



 



1.9.2 General kidney function 

1.9.3 Common measures of kidney function 



1.10 The metabolic capacity of the kidney 



1.11 The impact of age on kidney function 





1.12 The impact of frailty on kidney function 



1.13 Rationale, hypothesis, and objectives 





CHAPTER 2 MATERIALS AND METHODS 

2.1 Model of study 
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2.2 Frailty assessment  

2.3 Samples used 

2.3.1 RNA-Seq cohort selection 
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2.3.2 qPCR cohort selection 
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2.3.3 Enalapril study  



 



2.3.4 Takemon et al. transcriptomics dataset  

2.4 Tissue pulverization  
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2.5 Total RNA extraction   



2.5.1 Zymo extraction 

2.5.2 Qiagen extraction  



2.5.3 Quantification of RNA concentration using NanoDrop  
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2.6 RNA sequencing  

2.6.1 Assessment of RNA concentration and quality using Bioanalyzer 



°

°

°

2.6.2 Quantification of RNA concentration using gel electrophoresis  
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2.6.3 Ribosomal RNA depletion 
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2.6.4 Library preparation  
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2.6.5 DNA library quality check using Bioanalyzer  



2.6.6 DNA library quality check using qPCR 
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2.6.7 Sequencing and mapping 

2.7 RNA-Seq data analysis and statistics  



2.7.1 Frailty analysis  
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2.7.2 Aging analysis 
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2.8 Quantitative polymerase chain reaction  

2.8.1 Primers used in this study   
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2.8.2 Genomic DNA removal 
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2.8.3 Reverse transcription  
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2.8.4 qPCR reaction  



2.8.5 Primer efficiencies  



2.8.6 qPCR data analysis and statistics  

2.9 DNA gel electrophoresis 

2.9.1 Agarose gel electrophoresis for qPCR product quantification 



2.9.2 Quantification of qPCR product in ImageJ 





CHAPTER 3 RESULTS 

3.1 RNA extraction standardization  
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3.2 High versus low FI comparison via RNA-Seq 

3.2.1 Selection of RNA samples for sequencing 
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3.2.2 Principal component analysis  







 



3.2.3 Differential expression analysis  
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3.2.4 Functional analysis  









3.3 Analysis of aging data  





 



3.4 Validation of differentially expressed genes with qPCR 

3.4.1 Reference gene selection and primer efficiencies for qPCR   
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3.4.2 Quantification of frailty-related DEMG expression with qPCR 













3.5 Measuring DEMGs in enalapril-treated mice using qPCR 

3.5.1 Enalapril cohort  
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3.5.2 Assessing whether frailty-DEMGs are altered by enalapril  
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CHAPTER 4 DISCUSSION 

4.1 Frailty and metabolism  
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4.2 Frailty DEMGs are independent of age and have not been 

previously implicated in kidney diseases 





4.3 Metabolic genes are dysregulated in frail mice 

4.3.1 Histidine decarboxylase (Hdc) is downregulated in frail mice  



4.3.2 Aldo-keto reductase family 1, member C18 (Akr1c18) is 

downregulated in frail mice 



4.3.3 Phospholipase A2 group XIIB (Pla2g12b) is downregulated in frail 

mice 





4.3.4 Cytochrome P450, family 4, subfamily a, polypeptide 12a and 12b 

(Cyp4a12a and Cyp4a12b) are upregulated in frail mice 





4.3.5 UDP glycosyltransferase 1 family, polypeptide A9 and A10 (Ugt1a9 

and Ugt1a10) are downregulated in frail mice  



4.4 DEMGs do not explain enalapril-mediated attenuation of frailty 
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4.5 Limitations of this study 







4.6 A model of altered metabolism in the kidneys of frail mice  

4.6.1 Endobiotic metabolism 



4.6.2 Xenobiotic metabolism  









4.7 Implications of this study  

4.7.1 Frailty biomarkers for clinical use  

4.7.2 Molecular basis of frailty  



4.7.3 Pharmacokinetic considerations 

4.7.4 Polypharmacy  



4.8 Future directions 

4.9 Concluding remarks 







APPENDIX A TOP 3000 MOST VARIABLE GENES 





















































APPENDIX B BIOANALYZER DNA 1000 REPORT 
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