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Abstract

Polycystic kidney disease (PKD) is a genetic disease that causes the presence of

fluid-filled renal cysts. In order to understand the impact that PKD has on the function of the

glomerulus, experiments were conducted to detect the amount of fibrosis in the glomeruli of

treated polycystic kidney disease rodents (PCK) and sham control rodents. Data suggest that

PCK sham rodents have an increased rate of glomerular injury compared to the rodents that were

treated with total renal denervation (T-RDNx) surgery. The findings of this study were

compelling as the extent of the glomerular injury was far less than expected.

Introduction

Polycystic kidney disease (PKD) is a hereditary disorder in which clusters of cysts form

in the kidneys. The renal cysts begin to replace healthy tissue which results in kidney failure. The

disease is also known to affect other epithelial tissues such as the liver, pancreas, spleen, ovaries,

and the large intestine. There are two types of polycystic kidney disease, both of which are

caused by genetic defects. Autosomal dominant polycystic kidney disease (ADPKD) is the most
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common form of polycystic kidney disease, accounting for ninety percent of all PKD cases. This

variant of the disease occurs in both children and adults. Autosomal Recessive Polycystic Kidney

Disease (ARPKD) is the less common version of the disease. ARPKD primarily affects neonates

and children. Throughout this study, researchers sought to further their understanding of the

correlation between polycystic kidney disease and glomerular injury. The purpose of this study

was to highlight the extent of glomerular injury in polycystic kidney disease rodents (PCK) that

were treated with total renal denervation (T-RDNx) versus the glomerular injury in PCK rodents

that underwent a sham procedure. Researchers suspect that polycystic kidney disease elevates the

risk of glomerular injury, however, to what extent is still unknown.

Figure 1: Normal kidney compared to polycystic kidney.

Hypotheses

The sham vertebrates are expected to have a greater amount of fibrosis compared to the

total renal denervation vertebrates.
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Materials and Methods

This study primarily utilized fibrosis quantification to understand the correlation between

polycystic kidney disease and glomerular injury. The process of fibrosis quantification was a

lengthy process that required a significant amount of collaboration among researchers.

Animals and Husbandry

Experiments were performed at the University of Arizona. The animals used in the study

were monitored by University Animal Care (UAC). The experiments were conducted in male

PCK rats.

Surgical Procedures

The surgical procedures were performed on 24-week-old male rodents. Procedures were

performed under aseptic techniques and 2–3% isoflurane anesthesia. Bilateral T-RDNx was

achieved by perivascular dissection and removal of all visible nerve bundles on the left and right

renal arteries. Sham surgical procedures included a midline abdominal incision and visualization

of both kidneys before suturing the animal.

Necropsy

The animals were euthanized 6 weeks after treatment. Kidneys, liver, and spleen were

collected.

Histology Slides

The kidney samples were fixed in 10% formalin, embedded in paraffin, and then

sectioned in 4-μm slices. The stain used in the study was Masson’s trichrome.

Microscopic Imaging
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On a Leica microscope, three 20x bright-field images were captured from the renal

cortex. The regions of interest include the left, bottom, and right sections of the kidney. When

capturing images under the microscope, researchers attempted to locate an area that included two

to three glomeruli per image.

Figure 2: 20x microscopic view of glomeruli.

ImageJ Analysis

ImageJ allowed for the exposure of red and blue signal within an image; the red signal

represents healthy tissue, while the blue signal represents fibrosis. The image was thresholded to

a specific value that encapsulates the entire range of the blue and red in each image. The

threshold range differed slightly for each image, but researchers found the approximate range to

be 5-240. Once the blue and red windows were thresholded, fibrosis could be calculated within

each glomerulus. There were three separate channels opened simultaneously; one blue, one red,

and one RGB color. In the RGB channel, a freehanded outline was created around each
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glomerulus. The outline needed to include the full area of the glomerulus and the surrounding

Bowman’s capsule. Then, an identical selection of the outline was created in both the red and

blue channels.

Measurements and Calculations

Measurements were made by using the measurement tool offered in ImageJ. Using the

measurement tool, the area and the percent area of the glomeruli in all three windows were

displayed. The results were recorded in an excel spreadsheet which was then used for

determining the blue to red ratio. The ratio was calculated by dividing the blue area percentage

by the red area percentage which then resulted in the blue to red ratio for each glomerulus. These

steps were repeated for all of the glomeruli in the three regions of interest. Finally, the final

average values were calculated for each kidney sample. The averages were used to create a bar

graph that illustrated the blue to red ratio in the two experimental groups; T-RDNx rodents and

sham rodents.

Results

The data collected suggests that there is an increased risk of glomerular injury in the

sham control group compared to the T-RDNx group. However, the extent of glomerular injury in

the T-RDNx group compared to the sham group was minimal. The results of this study reveal

that total renal nerve ablation is an effective way to minimize glomerular injury.
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Figure 3: Blue to red ratio between groups 1 and 2.

Discussion

The purpose of this study was to identify the extent of glomerular injury in both treated

polycystic kidney disease vertebrates, as well as, sham vertebrates. Researchers found that the

rodents that were treated with T-RDNx had less glomerular fibrosis compared to the sham

rodents. However, the extent of glomerular injury in the two groups was far less than anticipated.

The results of this study are valuable as they reveal that total renal denervation is effective in

reducing glomerular injury in polycystic kidney disease rodents.
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