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Abstract 

 The objective of the following research project was to analyze the interstitial nodal area 

within a fresh rat kidney and determine whether or not any relationship existed between the 

interstitial areas from the outer medulla to the papilla. The interstitial area is of importance due 

to the fact that is provides for an unaccounted volume for salt and water to pass through. This 

space may serve to aid in fluid reabsorption and indirectly increase the concentration of urine 

within mammals. The tissues that were collected were analyzed through Confocal microscopy, 

Zeiss Confocal software, and Adobe Photoshop 6.0. The results presented show that interstitial 

nodal space area per CD, which was determined from transverse sections, is relatively uniform 

along the cortico-papillary axis.  However, due to widely varying CD diameters throughout 

tissue from the outer medulla towards the papilla, there is no appreciable gain in total interstitial 

area per tissue section from the medulla to the papilla. Improvements with sectioning via 

vibratome use and secondary antibody immunohistochemistry should be made in order to 

diminish complications. 
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Introduction 

 The kidneys are paired, retroperitoneal organs that serve three essential functions. The 

kidneys serve as filters by removing metabolic products and toxins from the blood via urine 

excretion. In addition, they play a vital role in homeostasis of body fluid volume, which affects 

both blood pressure and cardiac output. Lastly, the electrolyte and pH balance of the body fluid 

is also balanced through this homeostatic regulation (Boron and Boulpaep 737-741). The kidney 

is categorized into three main divisions; the outer region is known as the cortex, while the inner 

portion is broken down into the outer medulla and inner medulla. The medulla is pyramid shaped 

that contains striations due to the presence of numerous collecting ducts. As the urine exits the 

collecting ducts, it leaves the medulla at the tip of the pyramid, also known as the papilla. The 

inner medulla is the area closest to the papilla, while the outer medulla is near to the cortex. The 

conducted research was focused in the area between the inner medulla and papilla. Before the 

hypothesis and area of interest are further described, it is important to understand the anatomy 

and physiology of the mammalian kidney. 

 The functional unit of the kidney is termed the nephron and each one is bound together 

by connective tissue. The objective of the nephron is to regulate the aforementioned three 

functions of the body, but especially producing urine and maintaining a constant extracellular 

fluid composition (Boron and Boulpaep 737-741). The process of urine formation begins at the 

glomerulus. Blood enters through the afferent arteriole, which arises from the renal artery, and 

passes through the glomerulus where the water and solutes first become filtered. The glomerulus 

can be imagined as a ball of capillaries. The afferent arteriole joins another structure called the 

efferent arteriole, which is responsible for delivering the non-filtered blood from the glomerulus 

back to the body via capillaries. Large substances such as plasma proteins like Albumin cannot 
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be filtered, thus they are redirected to the efferent arteriole. After the glomerulus, the fluid passes 

into the lumen of Bowman’s capsule, which is continuous with the renal tubule. The renal tubule 

receives the filtrate from the capillaries and is responsible for dumping the urine into the 

collecting duct (Sherwood 475-478). The initial portion of the renal tubule is the proximal 

convoluted tubule (PCT), which lies in the cortex and where the majority of the reabsorption 

occurs. Within the PCT, reabsorption of glucose, amino acids, and ions occur. Water movement 

follows all reabsorbed solutes. Coupled with selective reabsorption, drugs and toxins are 

removed from the plasma and secreted into the filtrate (Sherwood 496-503).  

The PCT is followed by the descending thin limb (DTL), ascending thin limb (ATL1), 

ascending thick limb (ATL2), and distal convoluted tubule (DCT). The DTL, ATL1, ATL2 and 

DCT compose the Loop of Henle. Figure 1 displays the nephron and the described structures.  

 

Figure 1. General anatomy of the mammalian kidney functional unit: the nephron. 
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The DTL is permeable to water, but not to ions meaning that the tubule filtrate is concentrated. 

As a consequence, the osmolarity of fluid in the medullary interstitum is increased. From the 

DTL, the ATL1 arises. Here, the filtrate passively loses ions into the medullary interstitum, 

however water is impermeable in this area. The filtrate in this area becomes diluted due to the 

loss of ions. As the fluid passes through the ATL2, ions become actively transported out of the 

filtrate back into the medullary interstitum, thus making the filtrate even more concentrated that 

previously. The filtrate then enters the DCT and collecting duct. Under normal circumstances, 

these structures are impermeable to water, however, in the presence of Anti-Diuretic Hormone 

(ADH) they become water permeable (Boron and Boulpaep 737-741). Water can be reabsorbed 

through Aquaporin 2 channels of the CD during the presence of the ADH, which therefore 

increases the concentration of the urine. As the filtrate travels through the Loop of Henle, the 

medullary interstitium increases in salt concentration and osmotic forces start pulling water out 

of the DTL and CD, which in turn can be reabsorbed by the ascending vasa recta (AVR). The 

AVR are branches of efferent arterioles that surround the Loop of Henle and are responsible for 

delivering reabsorbed water from the filtrate back to the bloodstream. Urine in the collecting 

duct is accepted by the renal ureter, urinary bladder, and exits via the urethra.  

This outlined setup of the Loop of Henle, CD, and AVR work in conjunction to 

concentrate urine through a concept called countercurrent transport. Countercurrent transport is 

responsible for creating a high osmolarity within the medullary interstitum via absorption of ions 

so that urine can increase in concentration. The Loop of Henle, AVR, and CD are visible in 

Figure 2. The CD, ATL, and AVR are organized in a manner that creates a space between the 

three structures, also referred to as the interstitial nodal space. It is this interstitial space that is 
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the spotlight of this research. By referring to figure 2, one can see exactly where the interstitial 

space as denoted by the “X” marks.  

Figure 2. The CD, AVR, and ATL are visible in the above image due to antibody fluorescence.  

 

These interstitial nodal spaces are thought to lie vertically between interstitial cells. The 

interstitial cells may serve as a cap above and below the interstitial space meaning that the 

interstitial space is not continuous (Kriz and Lemley 546). This interstitial space is being 

investigated due to the fact that it may serve as passageway for reabsorbed ions and water. The 

interstitial nodal space in turn may play a vital role in increasing the osmolarity of the medullary 

interstitum.  

Previous research has been conducted by the laboratory on dehydrated kidney tissue 

sections. However, it is thought that the interstitial nodal space may be an artifact secondary to 

the dehydration process, since tissue shrinkage could enhance the volume of the interstitum. Due 

to this possibility, fresh hydrated tissue was the focus in this research. The objectives of the 

experiment were to determine whether or not interstitial space was still present within hydrated 

tissue, and if so whether there was a relationship between CD area and interstitial area as tissue 
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descended from the outer medulla to the papilla. The hypotheses are that as the tissue nears the 

papilla, the interstitial nodal space should increase because the CD diameter increases.  It is 

known that the CD density decreases near the papilla and the CD diameter increases. As the CD 

area increases, more interstitial nodes will be needed to surround the CD. Because there is an 

increase in the number of interstitial nodes from the outer medulla to the papilla, it is thought that 

the total average interstitial area of each CD should increase as well. Lastly, since CD diameters 

are largest near the papilla, it should suggest that the largest average interstitial nodal space per 

tissue section should be located near the papilla. A more realistic analysis of urine concentrating 

mechanisms can be implemented if a better understanding of the interstitial nodal space is 

understood.   

In order to make the CD, ATL, and AVR visible immunohistochemistry (IHC) 

techniques were employed. IHC refers to the process of isolating proteins in a tissue section via 

the use of antibodies. Already prepared primary antibodies are placed on the tissue causing them 

to bind specific antigens. After the primary antibodies have been bound to the tissue, the 

secondary antibodies are administered. These secondary antibodies contain a flurophore and will 

bind to the already bound primary antibodies. Once all the antibodies are fixed, the tissue will 

fluoresce the corresponding structure under Confocal microscopy. For the following experiment, 

goat Aquaporin 2 primary antibody binds the CD, while the corresponding secondary antibody 

donkey anti-goat Alexa 568 will fluoresce red. The primary antibody rb anti CLCK will bind the 

ATL, and the corresponding secondary antibody of donkey anti-rabbit Alexa 488 will fluoresce 

green. Lastly, chicken PV-1 will bind the AVR, while the secondary antibody of donkey anti-

chicken Cy5 will fluoresce blue. 
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Methods 

 

The initial step before performing the research in question was logging on to the website 

of the Institutional Animal Care and Use Committee, which is organized through the University 

of Arizona Campus Health Department. On this website, I partook in various training modules 

concerning the category of rodents. The information provided ranged from hazard identification 

to personal protection. The modules consisted of a training course followed by a brief quiz. After 

the completion of these online modules, I was required to enroll in a Laser Radiation Protection 

Course (LPRC) offered through the University of Arizona Radiation Control Office. The course 

is required for and personnel working with lasers labeled in class 3b or 4. The LPRC consisted of 

a two-hour lecture regarding topics as basic laser operation, laser hazards, and emergency 

procedures. Following the lecture an examination was administered, and upon completion a 

certificate was administered that allowed me to start training on a Confocal microscope. After 

submitting proper documentation of my health records and completion of the necessary courses, 

I contacted the Arizona Health Science Center Imaging Confocal Microscopy Manager Doug 

Cromey. Upon setting up various appointments, Mr.Cromey provided 7 hours of training on the 

Zeiss LSM Confocal 510 META NLO Microscope. Training on the Zeiss Confocal Microscope 

consisted of reading different manuals and analyzing pre-made slides of kidney tissue from the 

lab of my primary investigator.  

After the compulsory training was fulfilled, the actual research portion could be instigated.  

To begin the experiment, a kidney from a Munich Wistar rat was collected from the lab 

refrigerator. The kidney had already been pre-removed by Lab Manager Kristen Evans and 

placed in .02% Sodium Azide. With the kidney in hand, the objective was to dissect out the 

whole medulla. This process involved using a compound light microscope at either the 16x or 
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20x objective lens. In addition, a Petri dish was filled half way with 1X Phosphate Buffered 

Saline (PBS) solution so that during the dissection the kidney would stay hydrated and fresh. 

Upon placing the kidney into the Petri dish under the compound light microscope, the kidney 

was manipulated by using various types of forceps. While looking through the most appropriate 

objective and using a sterile scalpel, the kidney was twice cut parasagittal to either side of the 

vertical midline. These incisions were followed by two cuts transverse to the left and right of the 

horizontal midline. If during the dissection the 1X PBS solution becomes cloudy and overridden 

with kidney tissue, a new Petri dish with a fresh 1X PBS solution should be prepared. Assuming 

that the aforementioned cuts were made at the appropriate locations, the whole medulla should 

become visible as a distinctly white pyramid shaped tissue. Under some instances, the medulla is 

only partially visible and more incisions must be made, however, these follow up incisions must 

be conducted with sensitivity and caution to prevent stretching or tearing of the medulla. When 

the whole medulla is visible, extraneous kidney tissue can be removed carefully with forceps. 

After the whole medulla is dissected out, it should be isolated in another small Petri dish with 1X 

PBS solution so that the tissue stays hydrated while other procedures are being carried out. The 

kidney tissue should be disposed in a trash receptacle and not down the sink drain.  

After cleaning the work area, a 10mL solution of 2% paraformaldehyde is prepared. 

From a 10ml vial of 16% formaldehyde is grabbed from the reagent closet and opened under the 

ventilation hood. The vial is emptied into a small 50mL beaker. Using a pipet, 5mL of 2X PBS 

solution is placed into another 50mL beaker. The pipette can then be used again to take 5mL of 

16% formaldehyde solution and put it in the same beaker. The leftover 5mL of 16% 

formaldehyde can be disposed down the sink drain. The beaker should be mixed with the pipette 

end at this point. From this solution, 5mLshould be pipetted out into another 50mL beaker. After 
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this, a clean pipette should be used to extract 5mL of 1X PBS solution and be placed into the 

same beaker. The last three steps should be performed again so that the final product is 10mL of 

2% paraformaldehyde. This final solution can then be stored in a vial, while the rest of the 

solutions can be poured down the lab sink. The tissue will not need to be placed in all 10mL of 

2% paraformaldehyde so half can be used at this time, and the other half can be used for a repeat 

trial of the same experiment. 5mL of the 2% paraformaldehyde solution is placed in a centrifuge 

tube and the tissue is subsequently placed into the same tube using forceps. The tissue is then 

placed in the lab refrigerator overnight for approximately 12 hours. 

 During this period of waiting, the Bovine Serine Albumin (BSA)/Donkey 

Serum/Dimethyl Sulphoxide (DMSO) blocking solution can be prepared. The blocking solution 

will be referred to as BDD.  To create 6ml of BDD, 1370µl of 22% BSA, 1370µl of 2X PBS, 

3080µl of 1X PBS, 120µl of donkey serum, and 60µl of DMSO should be mixed in a vial with 

the aid of a pipette. The vial should then be properly labeled and placed in the lab refrigerator.  

The next day, the kidney tissue should be removed from the centrifuge tube and placed into a 

Petri dish with 1X PBS. The Petri dish should be placed under a compound light microscope. 

Under the 22.5X objective, the papilla is laid on its side using forceps, and then cut into three to 

four thin transverse slices. The slices should be cut in a smooth manner so that the edges are 

uniform. Each piece of tissue cut should have a disc shape if cut properly. With each cut, 

adequate notes should be taken so that one can identify where each tissue is located in relation to 

the tip or the base of the papilla. After the tissues are cut, 300µl of BDD solution are placed into 

two individual wells via pipettes. One or two tissue(s) can then be placed into each well with 

forceps. 
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In further efforts to keep track of the tissue, each tissue is placed in a glass well that is marked 

with colored tape on the bottom side of the glass well. The tissue should be blocked overnight in 

a cold room on a rocker overnight for about 12 hours. 

 The next day, the primary antibodies must be prepared in the BDD solution. The first 

primary antibody employed is goat Aquaporin 2 (AQP2) in a ratio of 1:100, which will bind to 

the ascending vasa recta (AVR). The second antibody rabbit ClCK will encode for the rat kidney 

specific chloride channel and is 1:50 ratio. The third primary antibody is a fenestral diaphragm 

protein ch PV-1, which is used in a 1:200 ratio. Each vial of primary antibody is centrifuged 

prior to using. After centrifugation, the primary antibodies are mixed into a BDD solution of 

300µl with a pipette in a 1.5mL microtube. The microtube is then also centrifuged for 1 minute. 

During centrifugation, the tissue that was placed on the rocker in the cold room can be collected. 

The tissues should then be placed into different glass wells, while making sure to mark each well 

with the corresponding color tape. After centrifugation, the primary antibodies can be distributed 

evenly to each tissue. The primary antibodies should be applied overnight in the cold room on a 

rocker.  

The following day, the tissue should be gathered from the cold room and placed into new 

wells containing 300µl of BDD solution. The primary antibodies will be removed by washing the 

tissue three times, for 5 minutes each time, in BDD solution. After the third wash, the wells 

should be filled with 300µl of BDD solution once more and then placed in the cold room where 

it will sit overnight on the rocker. The next day, the tissue can be removed and placed directly 

into wells containing the secondary antibodies. The procedure to make a solution of secondary 

antibodies is akin to the process of making the primary antibody solution. The only differences 

are the secondary antibodies are of different names and applied in different ratios. The donkey 
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anti-goat Alexa 568 was used in a ratio of 1:100, the donkey anti-rabbit Alexa 488 was used in a 

ratio of 1:100, and the donkey anti-chicken Cy5 was used in a ratio 1:200. After the tissue has 

been blocked with secondary antibody solution overnight, the same wash procedure with the 

BDD solution can take place. After the final wash, the tissue can be placed into wells containing 

1X PBS solution.  The goat Aquaporin 2 primary antibody binds the CD, while the 

corresponding secondary antibody donkey anti-goat Alexa 568 will fluoresce red. The primary 

antibody rb ClCk will bind the ATL, and the corresponding secondary antibody of donkey anti-

rabbit Alexa 488 will fluoresce green. Lastly, chicken PV-1 will bind the AVR, while the 

secondary antibody of donkey anti-chicken Cy5 will fluoresce blue. 

The tissue should then be brought over to a clean workspace where it can be prepared on 

microscope slides. Forceps, Cytoseal 60 mounting medium, aqueous fluorescent mounting 

medium, and microscope slide cover slips will be needed. The first thing that needs to be done is 

to cut some of the cover slips into thin slices. The thin slices will be used as “stackers” and be 

placed on either side of the tissue so that when the cover slip is laid on top of the tissue, the 

tissue does not become compressed.  With the microscope slide laid flat, one or two stackers 

should be placed on top (depending on the thickness of the tissue). The stackers should make an 

imaginary small square. The fluorescent mounting medium can then be administered into the 

area between the stacker followed by using forceps to place either one or two tissue(s) into the 

medium. A Sharpie marker can be used to label the side of the slide so that proper identification 

of each tissue can be made later.  Once the tissue is laying flat in the medium, the cover slip can 

be placed slowly from one side to the other on top of the tissue and stackers. Next, Cytoseal 60 

mounting medium should be applied generously around the edges of the cover slip. This medium 
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will keep the aqueous medium from drying out. The slides should then be placed in the lab 

refrigerator overnight.  

After the Cytoseal 60 has solidified overnight, the tissue is prepared and can then be 

analyzed using Confocal microscopy.  The slides can be taken over to the Life Sciences North 

Building in room 410 where a Confocal microscope is present. In this room, the 20X wet 

objective should be retrieved from the top drawer of the file cabinet right by the Confocal 

microscope. The objective should be placed on the “oil setting,” cleaned with the lens solution 

and lens paper, and then screwed into the microscope. The remote control switch and lamp 

should then be turned on. Afterwards, the room computer can be logged on to so that the Zeiss 

software can be initiated and the lasers turned on. The lasers are configured to the specific 

characteristics of each secondary antibody being used. These configurations can be determined 

and setup by the Mr. Cromey. Each slide can then be taken to the microscope where a drop of 

special Zeiss immersion oil is placed over the tissue area. The slide is the loaded onto the 

viewing dock of the microscope and then focused into view using the coarse and fine adjustment 

knobs. The tissue should be focused by first using the 10X. It is important to make sure that the 

oil does not get onto the 10X objective because it is only a dry lens. Once the tissue is in view, 

the objective can be switched to the 20X lens. Continuing to fidget with the fine adjustment 

knob, numerous distinct circles will be visible when the tissue comes in focus. Next, a long thin 

metal knob that rests on the upper right hand side of the microscope should be pulled out so that 

the microscope starts transmitting information to the computer. Using the Zeiss software, one 

can press the fast-XY button, which will cause the microscope to start scanning. Images of tissue 

that have florescent structures should pop up. The intensity of the fluorescence can be adjusted 

through the “gain scale” button.   One can then scroll through the tissue using the up arrow and 
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down arrow buttons. These buttons will allow an individual to determine how deep the image 

stack will be. When the slices of tissue stop having fluorescence is a good marker for restricting 

the stack depth. The scan usually runs from 20-75µm in thickness, and will have the same 

amount of slices since each slice is configured to be at 1µm. A full scan, which will produce a Z-

stack, takes about 10-35 minutes depending on the depth of the stack. Multiple Z-stacks from the 

same tissue or other tissues can be gathered using the same procedure. After gathering the 

images, they can be saved to a USB flash drive and uploaded in the lab computer. The images 

can be viewed in Adobe Photoshop 6.0, where tools can manipulated to calculate the interstitial 

area.  

It should be noted that ten different methods were attempted before clean and useable 

data was able to be collected. Though each different method only had slight variations, each 

difference accumulated over a period of 6 months to produce the final methods.  
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Results 

 

I. Determining location of tissues collected. 

 

In order to confirm the location of analyzed kidney tissues in relation to the medulla, a 

section stack of a pre-analyzed kidney known as “Kidney 29”was reviewed. Kidney 29 has a 

section stack of 900 slides, with an interval of 5µm between each slide. The CD density of the 

kidney was calculated at 500um intervals, or every 100 slides, from the outer medulla to the 

inner papilla. The CD density of Kidney 29 was collected in order to provide reference means to 

Kidney’s 1 and 2 (the kidneys under analysis). The density of CDs is known to decrease as the 

kidney tissue nears the papilla. By comparing the density of Kidney 29 CDs for Kidneys 1 and 2, 

I was able to determine which slice of tissue was the closest to the papilla. Three slices of tissue 

from two different kidneys were collected for analysis. Through comparison of tissue orientation 

during dissection and data analysis, tissues C are derived from the outer medullary-inner 

medullary border, and tissues B and A are derived from regions nearer to the papilla in 

respective order, for both kidneys 1 and 2.  
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Table 1. CD Density of Kidney 29 from Outer Medulla to Papilla 

 

Location 

Density 

(CD/mm
2
) # CD 

Medullary Cross 

Sectional Area Examined 

Outer Inner Medulla 441.1 242 .646mm
2 

 441.2 285 .646mm
2
 

 481.4 311 .646mm
2 

 472.1 305 .646mm
2
 

 470.6 304 .646mm
2 

 448.9 290 .646mm
2
 

 433.4 280 .646mm
2 

 421.1 272 .646mm
2
 

 253.9 164 .646mm
2 

Papilla 188.9 122 .646mm
2
 

 

 

 

Table 2a. Location and CD Density of Kidney 1 Tissue 

Location Stack Density (CD/mm
2
) #CD 

Medullary Cross 

Sectional Area Examined 

Outer Inner 

Medulla Kidney 1, Tissue C 300 CD/mm
2
 75 .25mm

2 

 Kidney 1, Tissue B 280 CD/mm
2
 70 .25mm

2 

Papilla Kidney 1, Tissue A 148 CD/mm
2
 37 .25mm

2 

 

 

Table 2b. Location and CD Density of Kidney 2 Tissue 

Location Stack Density (CD/mm
2
) #CD 

Medullary Cross 

Sectional Area 

Examined 

Outer Inner Medulla Kidney 2, Tissue C 288 CD/mm
2
 72 .25mm

2 

 Kidney 2, Tissue B 252 CD/mm
2
 63 .25mm

2 

Papilla Kidney 2, Tissue A 240 CD/mm
2
 60 .25mm

2 
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II. Individual Relationship Between Interstitial Area and Corresponding Collecting Duct. 
 

Table 3 and Figure 3 show individual CDs organized from the lowest to largest area with 

relation to their INS areas. The data suggest that when the collecting duct area increases, as it 

does on the way down to the papilla, interstitial area is increasing concomitantly. The linear 

regression line in Figure 4 displays a substantial 53% increase in interstitial area as collecting 

duct area increases from 1000 um2 to 3500 um2.  

 

 

Table 3.  CD Area and their Corresponding INS 

 

Avg. CD Area (um^2) 

Avg. Interstitial Nodal Space 

Area (um
2
) 

1106.1 497.52 

1158.32 291.69 

1307.41 313.7 

1505.34 481.09 

1592.04 504.55 

1630.56 630.59 

1658.78 456.37 

2079.04 683.32 

2082.15 562.38 

2132.08 429.53 

2391.71 571.45 

2393.04 564.7 

2393.06 519.23 

2443.3 465.25 

2470.3 682.4 

3055.94 458.94 

3411.48 667.07 
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Relationship Between Avg. Collecting Duct Area and Avg. 

Interstitial Area in Fresh Kidney Tissue
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Figure 3.  CD Area and their Corresponding INS 
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III. Relationship Between CD Area and Interstitial Area. 

As stated previously, three slices of tissue from two different kidneys were collected for 

analysis. Within each tissue, 3 CDs and their corresponding INS were analyzed, each over a 5um 

distance. The CD and INS areas were then averaged out over those 5um.  Once those numbers 

were calculated, the 3 INS and 3 CD area averages were then averaged once again to get one 

overall number for the total mean INS area and CD area.  

For kidney 1, the overall total averages of INS area from tissues C to A in respective 

order were, 371.96 um
2 

+ 95.6, 663.84 um
2
 + 151.21, and 530.42 um

2 
+ 96.66. The overall total 

averages of CD area from tissues C to A in respective order were 1352.59 um
2 

+ 179.92, 1464.54 

um
2 

+ 253.69, and 2970.24 um
2 

+ 399.88. 

 For kidney 2, the overall total averages of INS area from tissues C to A in respective 

order were, 561.21 um
2 

+ 87.74, 530.84 um
2
 + 52.73, and 558.10 um

2 
+ 103.28. The overall total 

averages of CD area from tissues C to A in respective order were 1992.48 um
2 

+ 367.54, 2147.84 

um
2 

+ 345.82, and 2228.17 um
2 

+ 172.42. 

 For full analysis of tables, please see Appendix A. 

Table 4a. Kidney 1, Tissue C Average of Averages 

 

Overall Total Avg. INS Area 371.96 um
2
 Standard Deviation: 95.6 

Overall Total Avg. CD Area 1352.59 um
2
 Standard Deviation: 179.92 

 

Table 4b. Kidney 1, Tissue B Average of Averages 

 

Overall Total Avg. INS Area 663.84 um
2
 Standard Deviation: 151.21 

Overall Total Avg. CD Area 1464.54 um
2
 Standard Deviation: 253.69 
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Table 4c. Kidney 1, Tissue A Average of Averages 

 

Overall Total Avg. Interstitial 

Area 530.42 um
2
 Standard Deviation: 96.66 

Overall Total Avg. CD Area 2970.24 um
2
 Standard Deviation: 399.88 

 

 

 

Table 4d. Kidney 2, Tissue C Average of Averages 

 

Overall Total Avg. INS Area 561.21 um
2
 Standard Deviation: 87.74 

Overall Total Avg. CD Area 1992.48 um
2
 Standard Deviation: 367.54 

 

 

Table 4e. Kidney 2, Tissue B Average of Averages 

 

Overall Total Avg. INS Area 530.84 um
2
 Standard Deviation: 52.73 

Overall Total Avg. CD Area 2147.84 um
2
 Standard Deviation: 345.82 

 

Table 4j. Kidney 2, Tissue A Average of Averages 

 

Overall Total Avg. INS Area 558.10 um
2
 Standard Deviation: 103.28 

Overall Total Avg. CD Area 2228.17 um
2
 Standard Deviation: 172.42 

 

 

The results in section II suggest that INS area increases with CD area.  However, the data 

in the previous section did not take into consideration the location of each tissue, each CD was 

compared individually. In this section, data will be presented on how the INS actually changes 

with CD area from the outer medulla to the papilla. The areas of the 3 CDs and their INS were 

averaged out from each slice of tissue. From experimenter notes and CD density calculation, it is 
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known from what area the tissues were located.  Tissues taken from near the outer medulla are 

labeled C, and tissues near the papilla are labeled B.   

The data in Table 5 and Figure 5 display no appreciable increase in INS area as tissue 

travels down to the papilla.  Although CD area is clearly increasing, the INS area stays within the 

range of 500um
2
 to 600um

2
.  

 

Table 5.  CD Area with Corresponding INS Area from Outer Medulla to Papilla 

 

Location Avg. CD Area (um
2
) Avg. Interstitial Area (um

2
) 

Kidney 1, Tissue C 1352.59 371.96 

Kidney 2, Tissue C 1992.48 561.28 

Kidney 1, Tissue B 1464.54 663.84 

Kidney 2, Tissue B 2147.84 530.84 

Kidney 1, Tissue A 2228.17 558.1 

Kidney 2, Tissue A 2970.24 530.42 

 

 

Table 5.  CD Area with Corresponding INS Area from Outer Medulla to Papilla 

 

Relationship Between Avg. Collecting Duct Area and Avg. Interstitial 

Area from the Outer Medulla to the Papilla
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Discussion 

 

 Although the data clearly shows that interstitial nodal spaces (INS) are present in fresh 

tissue, it also suggests that there is no appreciable increase of the average INS area for groups of 

CDs randomly selected from different regions along the axis from the outer medulla to the 

papilla.  In theory, it was thought that the average INS area would increase from the outer 

medulla to the papilla because CD diameter 

increases and thus more INS area would be 

required to surround a larger CD than a smaller 

CD.  

Data were collected to determine the 

relationship of individual CD area to INS area, 

independently of tissue location. These data 

support that an increase in CD area does 

correspond with an increase in INS area; a 

substantial 53% increase was observed from the 

smallest CD to the largest CD area. However, 

when tissue location of each CD is taken into 

account from the cortico-papillary axis, there is no 

appreciable difference in INS area. This is due to 

the fact that each tissue has a combination of small 

and large CD areas. Tissue near the outer medulla 

had as many large CDs with large INS area as 

small CDs with small INS areas. The same pattern goes for tissue near the papilla. It could be 



  Naqvi 23

due to this diverse distribution of small and large INS areas that create a relatively constant INS 

area from the outer medulla to the papilla. Another significant observation was the number of 

INS in tissue near the outer inner medulla compared to the amount near the papilla. Although 

there were more INS in number near the papilla, they were much more compressed in area. The 

tissue near the outer medulla had fewer INS, but they were much larger. Figures 6a and 6b help 

visualize this description. It seems that the increase in number of nodes is responsible for the 

increase in INS area for the larger CDs. 

  The INS area examined can be converted to volume by simply multiplying the average 

INS to the thickness of the tissue. Interstitial cells are thought to act as caps above and below the 

interstitial space. The axial distance between the cells ranges anywhere from 1µm to 3µm (Kriz 

and Lemley 546). The interstitial area is of importance due to the fact that it provides for an 

unaccounted volume for salt and water to pass through. This space may serve to aid in ion and 

water reabsorption thus allowing solutes and nutrients to be delivered back to the body and 

directly increasing the concentration of urine within mammals. By grasping a better 

understanding of how the INS area is distributed throughout the medulla, researchers will be able 

to better understand urine concentrating mechanisms of the mammalian kidney. 

 There were numerous challenges that arose during the course of the research. It was due 

to the constant tinkering with different methods that led to the eventual collection of useable 

data. The first problem arose during tissue collection from the rat. The kidneys being used 

ranged anywhere from 1 day to 1 year old. The older kidneys were rather malleable and stretchy. 

This combination made it tricky to accurately cut out the needed tissue without tearing.  After 

numerous attempts, only kidneys that were a few days old were used. These kidneys were firm 

and easy to dissect. However, after collection of the tissue in question, problems arose with 
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cutting the papilla into sections. Originally the papilla was placed in acetone after being 

separated into sections, after immunohistochemistry procedures were completed, the tissue 

appeared to be compressed and jagged under the Confocal microscope. In order to prevent this, 

the whole papilla and medulla were placed in 2% paraformaldehyde before being cut into 

sections. The 2% paraformaldehyde solution allowed the tissue to keep its elasticity during 

sectioning. Though sectioning the tissue became easier to do after they were fixed in 2% 

paraformaldehyde, the actual cutting done by me was not correct. At the beginning of the 

research, the sections being collected did not properly display the cross sectional orientation of 

the tissue that was needed in order for analysis to occur. It was only after months of practice that 

this problem became alleviated.  

 The next challenge came when analyzing the tissue under the Confocal microscope. At 

times the tissue showed bright fluorescence, but other tissues prepared with the same methods 

showed poor fluorescence. It was due to this that methods were changed numerous times. After 

months, it was found that the best procedure was to block the tissue in each 2% 

paraformaldehyde BDD, primary antibody, and secondary antibody solution overnight. Although 

this was the best method determined, the dk α rb FITC secondary antibody which bound the ATL 

was consistently poor. Attempts were made to change the concentration of secondary antibody 

used, but no progress was made. It seems that the dk α rb FITC is a poor secondary antibody to 

view the ATL.  

 Another challenge arose when trying to decide what type of medium should be used to 

analyze the tissue. At first, the tissue was placed in a Petri dish with 1X PBS solution and then 

viewed under the Confocal microscope. However, when the scan was being performed, the tissue 

would not stay still so the image stacks being collected were not smooth. In order to counteract 
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the movement of the tissue, epoxy glue was used to hold the tissue down in the Petri dish. The 

downfall of this method was the tissue did not always stick to the Petri dish and when it did the 

glue would leak through the tissue causing the antibodies to not fluoresce or causing great 

conformational changes in the tissue. The best method was keeping the tissue in an aqueous 

solution on a microscopic slide.  

  The procedures employed definitely left room for error to occur. The major area of 

concern was the poor fluorescence of the dk α rb FITC secondary antibody. Due to this problem, 

each image slice was taken into Adobe Photoshop 6.0 so that the ATL could be drawn in by 

hand. Although there was a faint outline of the ATL, human error could have arose when 

outlining the ATL meaning that the INS area could be either superficially higher or lower than 

realistic values.  It is suggested that a better secondary antibody to fluoresce the ATL be found in 

order to prevent complications in data calculations.  Another improvement that should be 

implemented in future research is the use of vibratome. The vibratome works on the principle 

that an oscillating blade sections tissue and allows for smoother surfaces with constant tissue 

thickness.  An instrument such as this could keep conditions standard and constant throughout all 

experimental trials and reduce the amount morphology alteration that occurs during human 

sectioning.  
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Appendix A. 
 

 

Table A1. Kidney 1, Tissue C 

 

CD # 9  

Total Avg. INS Area 504.55 um
2
 

Total Avg. CD Area 1592.04 um
2
 

  

CD # 8  

Total Avg. INS Area 313.70 um
2
 

Total Avg. CD Area 1307.41um
2
 

  

CD # 7  

Total Avg. INS Area 291.69 um
2
 

Total Avg. CD Area 1158.32 um
2
 

 

 

Table A2. Kidney 1, Tissue B 

 

CD # 6  

Total Avg. INS Area 863.42 um
2
 

Total Avg. CD Area 1656.97 um
2
 

  

CD # 5  

Total Avg. INS Area 497.52 um
2
 

Total Avg. CD Area 1106.1um
2
 

  

CD # 4  

Total Avg. INS Area 630.59 um
2
 

Total Avg. CD Area 1630.562 um
2
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Table A3. Kidney 1, Tissue A 

 

CD # 3  

Total Avg. INS Area 458.94 um
2
 

Total Avg. CD Area 3055.94 um
2
 

  

CD # 2  

Total Avg. INS Area 465.25 um
2
 

Total Avg. CD Area 2443.30um
2
 

  

CD # 1  

Total Avg. INS Area 667.07 um
2
 

Total Avg. CD Area 3411.48 um
2
 

 

 

Table A4. Kidney 2, Tissue C 

 

CD # 9  

Total Avg. INS Area 519.23 um
2
 

Total Avg. CD Area 2393.06 um
2
 

  

CD # 8  

Total Avg. INS Area 683.32 um
2
 

Total Avg. CD Area 2079.04 um
2
 

  

CD # 7  

Total Avg. INS Area 481.09 um
2
 

Total Avg. CD Area 1505.34 um
2
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Table A5. Kidney 2, Tissue B 

 

CD # 6  

Total Avg. INS Area 564.70 um
2
 

Total Avg. CD Area 2393.04 um
2
 

  

CD # 5  

Total Avg. INS Area 456.37 um
2
 

Total Avg. CD Area 1658.78 um
2
 

  

CD # 4  

Total Avg. INS Area 571.45 um
2
 

Total Avg. CD Area 2391.71 um
2
 

 

 

Table A6. Kidney 2, Tissue A 

 

CD # 3  

Total Avg. INS Area 519.23 um
2
 

Total Avg. CD Area 2393.06 um
2
 

  

CD # 2  

Total Avg. INS Area 683.32 um
2
 

Total Avg. CD Area 2079.04 um
2
 

  

CD # 1  

Total Avg. INS Area 481.09 um
2
 

Total Avg. CD Area 1505.34 um
2
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