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Abstract

We determined.whethedenine-inducedhronic kidney diseasgCKD) in rats is associated

with renal tissuerhypoxia. Adenine (100 mg) or its vehics administered tmale Sprague-
Dawleyratsidaily by oral gavage, over a 15 day peridtenal function wa assessed before

and 7 and‘14 days after adenine treatment commenced, by collection of a 24 h urine sample
and a blood sample from the tail vein. On day 15, arterial pressure was measurediaqusons
rats via the,tail artery. Renal tissue hypoxia whaesn assessed by pimonidazole adduct
immunohistechemistry and fibrosis was assessed by staining tissue with pisrositand
Masson'’s trichromeCKD was evident within 7 days of commencing adenine treatment, as
demonstrated byncreased urinary albumin to creatinine ratio (30 #dd). By day 14of
adenine treatmemtiasma creatinine concentratisms more tharr-fold greater and plasma

urea more than-fold greaterthan heir baselindevels. On day 15, adenirgeated rats had
slightly elevated meanrt@rial pressure (8 mmHg), anaemia and renomegaly. Kidneys of
adeninetreatedwrats were characsed by the presencef tubular casts, dilated tubules
expansion of‘the interstitial space, accumulation of collaged tubulointerstitial hypoxia.
Pimonidazole stainin¢hypoxia)co-localised with fibrosis and was present in both patent and
occluded tubules. We conclude that renal tissue hypoxia develops rapidly in addnired

CKD. This model, therefore, should prove useful for examination detnporal and spatial
relationships between tubulointerstitial hypoxia and the development of CKD, and thus the

testing of the ‘chronic hypoxia hypothesis’.

Abstract word count = 249
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I ntroduction
Renal tissuenypoxia has been demonstrated in multiple forms of chronic kidney disease
(CKD), including polycystic kidney diseasé® diabetic nephropaththe remnant kidney
model®> and@KD following ischaemiareperfusion injury* * This has led to the proposition
that hypoxia represents a final common pathway for the development of multipledbrms
CKD;? the"secalled ‘chronic hypoxia hypothesi$’More recentobservéions have even
provided evidence that renal hypoxyer se might be sufficient to initiate the development of
CKD.™

The relatively slow development ofjury and/or diminished glomerular filtration rate (GFR)
in most radent.models c€KD has made it difficult to tease out the causal relationships
between tubulointerstitial hypoxia and the pathogenesigephropathy For exampleafter
recovery freamsacute ischaemieperfusion injury, there is little evidence of renal functional
abnormaliies or abnormal tubular morphology 8 weeks after the initial irswdtonly mild
proteinurid iS observed after 16 week#n most rodent models of polycystic kidney disease
there is same evidence of abnormalities in renal tissue structure at birth,rbotathg weeks

or months are required for the condition to progress to frank &KbEurthermore, in type 1
diabetesindueed by streptozotocin in ratmly relatively mild tissue damage is observed in
the firstamonth after the induction of diabeté&ven in the remnant kidney model, which has
been extensively used in studies of the pathogenesis of CKD, nephropathy develops over

weeks rather.than days

In order for us to test the chronic hypoxia hypothesis in a definitive manisevjtal that we
are able to.precisely define the temporal and spatial relationships bétyeexia and the
progression, of disease That is, we must determine whether hypoxia octefere, andin

the sameiplaceas, tissue damage. Consequently, we reguiperimental mods of CKD in
which pathological changes in renal tissigvelop rapidly in response to a defined stimulus.
Administration“ef adenine, either in fo8d° or by oral gavagé® has been showto result in
reproducible renal dysfunctiorAdenine is metabolised to 2¢Bhydroxy-adenine which
forms crystalline casts within the renal tubul@se formation of these casts thought to
initiate renal dysfunctioft CKD in adeninetreated ratss associated withypertension and
vascular calcification, renahterstitial fibrosis,proteinuria, increased water ake and urine
flow, uraemia, and hyperkalaenffaOnly modest increases in serum creatinine are observed

after 2 weeks of adenine treatment, while more prolonged treatment results in marked renal
This article is protected by copyright. All rights reserved
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pathology andnarkedlyincreased serum a#ninel” *® 2>?? |n the current study, we tested
the hypothesi thatthe early phase aideninenduced CKD(i.e. after 2weeks of treatment)
is accompanied by renal tissue hypoxia, in order to evaluate the potentias fiorodel to be

used for testing the chronic hypoxia hypothesis.

Results

Progression,of chronic kidney disease

Across themtwomweeks during which rats were treated thighvehiclefor adenine, body
weight increase@7 + 11% while food intake and faecal outpslightly decreased (Table 1).
Food intake and faecal output were consistently less in adeeated rats than vehiele
treated rats. There exe tendents for adeninetreated rats to gain less weigthtan the
vehicletreated rats, although ith apparent effect as not statistically significant
(time*treatmentiinteractior? = 0.14) In vehicletreated rats, water intake and urine output
gradually inereased across the 14 days of the study, to be 28 + 18% and 116 + 57% greater
than their/baseline level at day 14, respectivilycontrast to vehickreated rats, och
greater increases in water intake and urine output were observed in ddegiio@ rats.
Water intake 'had increased by4 + 38% at day 7 and by 150 *+ 46% at dayl14. Urine output
had increased by 346 + 83% at day 7 and by 372 + 96% at day 14.

The rats of.excretion of sodium, chloride and osmolytes were indistinguishable imeadeni
treated compared with vehieleeated rat§¢Table 1). Howeverpotassium excretion tended to
increase in rats treated with adenimbis apparent effect was particularly @enton day 7,

when potassium excretion was 67% greater in adergaded rats than vehicteeated rats.

By day 7 of adenin¢reatmenurine osmolalitywas reduced by approximated9 + 3% of its
pretreatment.level. Proteinuria was also present at daf adenine treatment. Urinary
protein exeretion had increased by 287 + 58% from itstne@ment level and remained
similarly=increased at day 14 of adenine treatment. In contrast, the vehicle treated rats
excreted little protein throughout the two weg&atment periodin adeninereated rats,
urinary albumin excretion had increased 29-told andthe urinary albumin to creatinine

ratio hadsncreased 30 + 12 fdbg day 7 of adenine treatmerRlasma creatinine, measured

in three rats onyday 0, waelbw the level of detection (k€0.2 0 mg/dL). By day 14 of
adenine treatment Wwas more thary-fold greater(1.50+ 0.13mg/dL, n = 4) Plasma urea
averaged 4.8 + 0.5 mM (n = 3) on day 0 and 25.5 £ 0.9 mM (n = 3) on day 14 of adenine

treatment.
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On the15" day of treatment, the body weight of adenireated rats was 16% less than that
of vehicle treated rats (Table 2). Mean arterial pressure of adieated rats averaged 8
mmHg higher than that of vehicle treated rats kheart ratedid not differ sgnificantly
between the two groups. The kidneys of adetrieated rats were 86% heavier than those of
vehicletreated ratsHaematocrit was less in adenitmeated rats (31.9 + 3.2%) than in
vehicle-treatedwrats (38.2 + 1.4%).

Histology and immunohistochemistry

To visualise _the tubular and vascular elements of the rat kidney, haematoxylin and eosin
staining was performed. Kidneys of rats treated with vehicle (Fitgirevere considerably
smaller thansthe kidneys of adenitmeated rats (Figurge). Tissue architecture of the cortex

and medulla/in the kidneys of the rats treated with vehicle appeared normal (Fagdye

The tubules_were closely spaced and the interstitial space and blood vessels were not
prominent. The glomeruli appeared regwéth normal thickness of the basement membrane
(Figurelb)«inseontrast, the tissue architecture of the kidneys of rats tredteddenine was

very differents=There was considerable expansion of the interstitial space iartéve &nd
medulla (Figureleh). The tubules appeared abnormal with irregular lumen space. The
glomeruli werevintact in their basement membrane but dilation of Bowman’s space was seen
(Figure Ifywlhe blood vessels appeared unaffected and similar to those of vedatbl

rats. Charaeteristic tubulacasts, presumably containirgy 8-dihydroxyadeningwere also

observed (Figure)2

Tissues were“stained withcposirius red(Figure 3) and Masson’s trichrome (Figuretd)
examinefibrosis. Masson’s trichrome stains type | collagenvesll as variety of matrix
elements’ In"Contrast,picro-sirius red is highly specific for type | and type Il collag@n.
Sections of kidneys of vehicleeated rats stained withigposirius red appeared yellow and
lacked red collagen positivetain (Figure 3a). The only staining observed was in the
perivascular.adventitia and around the glomeruli (Fi@e In contrast, there wasxtensive
picrosirius redstaining in the kidney of the adenitreated rats (Figure 3e). Considerable
staining, denoting collagen deposition, was observed in the expanded interstitial space
(Figure 3-h). Regarding Masson’s trichrome staining, there was little blue staining
(reflecting fibrosis)n sections from vehicl&reated rats (Figure 4b and Figure 4c), exéept

the expectedperivascular staining around intrarenal arteries. In contrast, there was
considerable positive staining the cortex, outer medulla and inner medultd adenine
treated rats (Figure 4f). Quantification of Masson’s trichrome staining revealed more than
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3-fold greater staining in the cortex and medulla of adetregted rats compared to vehicle
treated ratg¢Figure 5.

Pimonidazole immunohistochemistry was performed to detect the pregdngmgia. In the
kidneys ofall vehicletreated rats, positive staining, denoting hypoxia, masly seen in the

thick ascending limb and collecting ducts in the outer and inner medulla respe(tigelre

6a-d). Very little apparent staining was seanthe cortexof all of the vehicletreated rats
(Figure 6b)._In_contrast, considerable staining was observed throughout the entire kidney of
all rats that were treated with adenine (Figoe¢. Thedegreeof pimonidazole staining was
markedly greater in thcortex of adenintreated rats, particularly in the epithelial lining of
tubules, whenscompared to vehitieated rats. There was alsonsiderablestaining seen in

the outer and inner medulla (Figure 6g-h).

It was noted that some tubules in the cortex of adangated rats were patent or even
dilated, while others had a closed lumen. This phenomenon likely arises fromnttaeidor

of tubular ‘casts (Figure 2). We reasoned that tubules with an open lumen may colseme
oxygen, for reabsorption of sodium, than tubules with a closed IWerhypothesised that

the resultant heterogeneity of tubular oxygen consumption might lead to heterogeneity in
renal hypoxia=However, the proportion of open tubules that stained positive for pimonidazole

adducts wasigiilar to the proportion of positive stained closed tubules (Figure

The colocalisation of hypoxia and fibrosis was examined in serial sections stained for
pimonidazolesadducts and with Masson’s trichrome (Fig)réHypoxia and fibrosis were
ubiquitausly distributed in kidney®f adeninetreated ratslt was not possible to identify

areas of the'kidney that were hypoxic but not fibrotic, or fibrotic but not hypoxic.

Discussion

We found“that 15 days of administration of adenine resulted nkemdubulointerstital
hypoxia-assaciated with fibrosisalong with profound renal dysfunctiohus, this
experimentalmedel may be useful for teasing out the temporal and spatial relationships

between tubulointerstitial hypoxia, fibrogenesisd the initiatio and progression of CKD.

CKD is usually defined aa gradual loss of renal function, as quantifiedrbgasurement of

GFR or plasma or serum concentrations of creatinkecording to this definition, the rats
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we studiedhad severeCKD by day 14 of adeninreatment, as reflected by a more than 7

fold increase in plasma creatinimend 5fold increase in plasma ure®ur findings are
consistent with those of previous studies in which adenine has been administered for longer
periods (i.e. 4 or more week€)® 2022 |t js well established thateatinine clearance over
estimates glomerular filtration rate in rats, principally due to tubular secretion of credtinine.
Nevertheless;"sbetweaubject and withirsubject differences inplasma creatinine
concentratiomustally reflect differences iGFR?

Pathological changes were detectable at the tissue level aftere®ks of adenine treatment,
particularly”in the form of interstitial fibrosis and tubular cadtsere were also marked
increases inwrinary albumin and total protein excretion. There was a marked increase in urine
flow and reduced urinary osmolarity. Reduced urinary concentrating ability isnaahalof

CKD in human3’ and animal models (e.g. polycystic kidney dis@adtowever, we cannot
discount the possibility that the effect of aderireatment on urinary osmolarity was caused

by increased-thirst apposed to reduced urinary concentrating ability.

Multiple mechanisms likely contribute to the development of renal tissue hypaxiag
adeninetreatment Our current findings indicate development of renal fibrosis in this model
that is eelocalized with hypoxia. Indeed, in serial sections, we were unable to identify
regions of the Kidneys of adenireated rats that stained positive for pimonidazole but not
the blue stain“of Masson’s trichrome,woce versa. Tubulointerstitial fibrosis increasehe
barriers to diffusion of oxygen from the vascular to the tubulointerstitial comeat® 3*
Thus, fibresis™likely makes some direct contribution to the development of hypoxia in
adeninetreated ratsThere is also strong evidence that, in other models of CKD such as
renovascular disease,bffosis drives rarefaction of capillaries which in turn would be
expected to reduce oxygen delivery to tis&u&/e arenot aware of any published reports of
renal vascular structure in adenineluced CKD. HoweverMilman and colleaguesecently
provided evidence of blunted perfusion aiethal vascular reactivity ianaesthesed mice

with adenineinduced CKD, using a magtic resonance imaging technique for assessing the
renal vascular'fesponse to hyperdXi€onsistent with these observations, renal blood flow
measureddirectly by transittime ultrasound flowmetr§j or electromagnetic flowmett
underanaesthesjaand by the clearance of paminohippurate ithe consciousstate® has

been observed to be lessrats with adeninenduced CKDcompared to control animals
Thus, it is likely that abnormalities in both renal vascular structure and funcinbribzite to

the development of tissue hypoxia in adeftimeated ratslt is also likely that anaemia
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contributes to thedevelopment of renal hypoxia, sinb@ematocrit was considerably less
after 15 days of adenifteeatment than after vehicle treatment. This observatioalso

corsistent withthose arising from previous studies using this mdtlel.

According to the chronic hypoxia hypothesis developed by Fine and colleagues, one of the
major drivers of tubulointerstitial hypoxia CKD is hyperfiltration in remnant functional
nephrons$? This is thought to be a consequence of increased tubular sodium reabsorption, the
major source of oxygen consumption in the kidieWe reasoned that this might lead to
localisation,of hypoxia selectively within patent tubules in the kidneys of adeested rats

and the presence of less severe hypoxia in those tubules that are occluded dpeesetive

of upstreamstubular casts. Our use of perfusion fixation in the current study allowed us to
examine this proposition, since we could clearly distinguish betwatsnt and occluded
tubules We_could not detedlifferences in the proportion of tulam profiles that stained
positive for pimonidazole, according to whether the tubules were occluded or. Jémest

our currentsfindings do ngbrovide support this aspect of the chronic hypoxia hypothesis.
However, -»we==must acknowledge an important limitation of pimonidazole adduct
immunohistochemistry using 3,-@aminobenzidine (DAB) DAB cannot be quantified
because it'does not obey the Beambert law®® Thus, future studies shoulcamine tfe

impact ofstubular patency on renal tissue oxygenatiorgreater detail through use of
guantitativermethods for analysis of hypoxia at the cellular level.

Renal fibrosis in adenirgeated ratss also likely to be driven by multiple factors. The role

of epitheliafte*mesenchymal transition in the development of fibrosis in CKD remains
controversiaf® Nevertheless, there are a number of pieces of evidence that support a role for
this mechanism in adenkieated rodentsFor example, Wang et al demonstrated up
regulation’of the prdibrogenic factors transforming growth factor (TGH) and TGF-p2,
together with dowsregulation of the(antifibrotic) translational repressors of TGE,
micro-RNA-(miR) miR200a and miR41,in mice with adeninénduced CKD? The authors
provided evidence from cetlulture studies thafGFp1 and TGF-f2 can drive epithelial-to-
mesenchymal transition and so fibrogenesis. On the other hand, Wu et al recentlydprovide
evidence fora role of endothelitd-mesenchymal transitiordriven by elevated circulating
levels of parathyroid hormonin fibrogenesis in adenirieduced CKD?® Interestingly, they

were able to inhibit both endothélim-mesenchymal transition and the development of

fibriosis with the calcimetic cinacalcet.
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Hypoxia, through increased signalling via hypexiducible factors (HIFs), may also play an
important role in the development of fibrosis in CKDFor examplerenal fibrosis in rats
with two-kidney-oneelip hypertension can be blunted by silencing HtF** Indeed, HIF
activation and TGFf signalling may be able to induce fibrosis even in the absence of
hypoxia’? The role of hypoxia and HIFs in driving fibrosis in aderiméuced CKD has not,

to our knowledge, been directly assesdédvertheless, it remains possible that a vicious
cycle may.develop,whereby hypoxia drives fibrosis and fibrosis drives hypoxias dseén

postulatédt6"6¢cur in other forms of CRPD*

Our current*finding of marked proteinuria in adenireated ratsas early a®ne week after
commencingstreatment, together with the documentation of both fibrosis and cellularahypoxi
after 2 weeks, provides the basis for examination of the role of hypoxia in the development of
nephropathy_in_this model. In particular, it should fguessible to use radiotelemetry, in
conscious_rats, to precisely define the tiooeirse of the development of renal tissue
hypoxia?® ltsshould also be possible to define the relative contributions anaia, renal
ischemia, .and=altered renal oxygesnsumptionin the development of this hypoxia’ A

major challenge will be to find ways to ameliorate hypoxia in adeintheced CKD to
determine whether such treatments can blunt the development of renal dysfunction. Exposure
of adenineireated rats to hypexia is one possibility.However, the efficacy of such
treatments-will be limited both by the potential for oxygen toxitiand by loss of oxygen in

the preglomerular diculation®® ¢ Anti-fibrotic therapy might also be a useful approach to

break the putative vicious cycle of hypoxia and fibr8sis.

In conclusion, our current findings indicate that severe renal dysfunction, accompanied by
hypoxia and fibrosis develops within twewveeks of adenin&eatment Therefore, in the
future, this model should prove useful for testing the chronic hypoxia hypothedisefor

development of €KD.

M ethods

Animals

Eighteenmale Spragu®awley ratgMonash Animal Research Platform, Monash University,
Melbourne, IC, Australia) weighing on average 2% 5 g, were used in this study. At the
commencement of treatment, the ratsrev7 weeks of age. The rats were housed under
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standard laboratory conditions; 22 + 1°C, 40 + 1% humidity and with a 12 h light/dark cycle
(6 am—6 pm). Tap water and standard rat chow were available ad libitum. All experimental
procedures were approved by the Animal Ethics Committee of the School of Biomedical
Sciences, Monash University, and were in accordance with the Australian Code of Practice
for the Care and Use of Animals for Scientific Purposes. Rats were housed intjivathaa
allowed 1 weekyto acclimatise to these conditions before entering the study protocol

Experimental protocol

Adenine-induced chronic kidney disease: All rats were treated daily with either adenine (100
mg; SigmaAldrich, Castle Hill, NSW, Australia) or its vehicle (1 mL of 0.5% w/v
methylcellulese; Sigmaldrich) by oral gavage for a period of 15 day$ie experiments
were perfarmed in two series. In the first series, 6 addnea¢ed rats and 6 vehieleeated
rats were studied as described be(@65 —252 g). For technidaeasons, we were unable to
obtain sufficient blood frommost of these animals for measurement of plasma creatinine
concentrations=Therefer an additional cohort ofats (192212 @) were included in a
supplementary=study (n = 3 per group). The rats were treated identically earnhbg first

series, but'the only analggperformedvasmeasurement of plasma creatinine concentration.

Metaboliestudies: Rats were housed individually in metabolic cages for 24 hours before, and

7 and 14 days after, commencement of the treatments (metabolic studies). Consumption of
food andwaterand production of faeces and urine were measured over the 24 h period. A day
prior to the first metabolic stly, the rats underwent a-hbur training period for
acclimatisation:™ Urine samples were transferred into several 1 ml aliquots and stered at
20°C for later analysis. At the completion of the 24 h period in the metabolic cagé a0.5

blood sample wasotlected from the tail vein from the conscious rat. Blood was centrifuged

at 3000 g'at 4°C for 10 minutes and the plasma stored in 50 pL aliqu@®’@tfor later

analysis.

Measurement of arterial pressure and tissue processing: On day 15 of the experim&l
protocol, arterial pressure was measured via the tail artery. The tail artery was cattheteri
under anaesthesia with isofluraned4@® v/v in 100% @, Isoflo, Baxter HealthcareQld
Toongabbie,NSW, Australig. Following a 60 min recovery perioavith the rats fully
consciousthe catheter was connected to a pressure transducer (Cobe, A@ade5A) and
bridge amplifier (QAL, Scientific Concepts, Mount WaverMiC, Australia) interfaced with

a computer running a LabViebased data acquisition pragn (Universal Acquisition,
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University of Auckland New Zealanyl After a 510 min equilibration period, mean arterial
pressure and heart rate were recorded for 30mrtime conscious rat.

After measurement of arterial pressure, the hypoxic markem@ndazole (60 mg/kg
pimonidazole hydrochloride, Hbpxyprobe Inc, Burlington, MAUSA) was administered
intraperitoneally. Sixty minutes later, each rat was anaesthetised wittbagsitone sodium

(60 mg/kg, i.p., Sigm&ldrich). Once a surgical level of aesthesia was reached, a midline
incision was made to expose the abdominal aorta and inferior vena cava. The left ladney w
then perfusion fixed with 500 ml 4% w/v paraformaldehyd@FA, SigmaAldrich),

weighed and decapsulated, and post-fixed in a 4% PFA solution at 4°C overnight.

Analytical methods

Analysis of urine'and plasma samples: Urinary electrolyte (Na+, K+ and §lconcentration

was measured using an ion analyser (Rapidchem, Siemens Healthcare Diagnostics Pty Ltd,
Bayswater, VIC Australig. Urine osmolarity was measured by freezing point estimation
(Model 2020, Advanced Instruments, Inc., John Morris Scientific Pty Ltd, Chatswood, NSW,
Australig. Urinary albumin concentration was determined using an enfipiked
immunosorbent assay (Rat Aimin ELISA Kit, Bethyl Laboratories Indylontgomery, TX,

USA). Urinary=creatinine concentration was measured using a creatinine assay kit (Cayman
Chemical Company, Ann Arbor, MUSA). Urinary proteinconcentratiorwas measured by

the Bradford=method (BidRad Laboratories, USAY® Plasma creatinine and urea were
measured using a poiof-care device (ISTAT, Chem8+ Cartridge, Abbot Laboratories,
Abbott Park; IE"USA).

Histology and_immunohistochemistry: Two sections from each kidney were stained with
haematoxylii™ahd eosin Masson’s trichromé&® or picrosirius red, or processedfor
pimonidazele"adduct immunohistochemi$tas previously describedMasson’s trichrome
stains type I collagen as well as variety of matrix elem&ntghereas picrosirius red is highly

specific for type |l and type Il collagéf.

Additionally, two sets of serial sections from each kidney were processed so that adjacent
sections could™be stained with Masson’s trichrbnand for pimonidazole adductsAll
sectionswere scannedsing Scan Scope (Aperio, Vista, CA). Quantification of fibrosis in
sections processed for Masson’s trichrome staining was performed using the Image Scope
Positive Pixel Counflgorithm (Version 9, Aperip An additional analysis was performed to
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determine whether hypoxia was associated with the state of patency of individies tiHor
this analysis, 20 opgpatent)tubules and 20 closddccludedxubules were identified in the
cortex of each kidney section stained with Masson’s trichrome from six aetesdéned rats.
These tubules were then identified in the adjacent sections stained for pirotn@adducts

and scored for either thegsence or absence of pimonidazole staining.

Statistical analysis

All data_are_expressed as mean + sem. Hypothesis testing was performed using the software
package SYSTAT (Version 13, Systat Software Inc, Chicdigo,USA). Measurements
obtained before,and and 14 days after commencing treatment with adenine or its vehicle
were subjected to repeated measures analysis of varRnedues derived from the within
subjects [factor ‘time’ were conservatively adjusted using the Greenf@misser
correction’ Measurements obtained on day 15 of treatment with adenine or its vehicle were

subjected to Student’s unpairetést. Two sidedP < 0.05 was considered statistically
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Table 1: Characteristics of adenisieeated and vehiclereated rats across the course offtrst 14 days of the experiment.
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Variable Vehicle-treated rats Adenine-treated rats P values from Repeated
MeasuresANOVA
n Day O Day 7 Day 14 n Day O Day 7 Day 14 Treat Time Interaction

Fluid and Energy-Balance

Body Weight (Q) 6 215%13 256 £ 9 269+13 6 221+10 248 + 15 236 + 13 0.43 0.003 0.14
Food htake (g/day) 6 20.1+06 154+23 184+13 6 19.7+05 128+20 112+14 0.04 0.003 0.08
Faece®Output (glday) 6 100+04 6913 71+10 6 8205 51+0.6 53x1.1 0.03 0.004 0.99
Water Intakgml/day) 6 23.3+21 233+4.0 292+37 6 23.3+£33 542152 542+7.8 0.001 0.002 0.009
Urine Output«(ml/day) 6 80+08 11.3+19 151+28 6 11.1+2.7 401143 43.0+6.0 <0001 <0.001 0.003
Electrolyte Excretion

Sodium (pmol/min) 6 0.80+0.14 0.75+0.10 0.77+0.09 6 0.89+0.07 0.75+0.11 0.71+0.12 0.93 0.54 0.73
Chloride (umelimin) 6 1.38+0.21 1.24+0.14 157+0.10 6 1.44+0.08 1.60+0.13 1.47+0.16 0.38 0.64 0.30
Potassium (iumol/min) 6 1.25+0.13 1.07+0.13 154+0.11 6 1.29+0.13 1.79+0.19 1.78+0.26 0.03 0.09 0.15
Osmolar (LOsm/min) 6 11.9+08 11.2+11 136+10 6 11.2+09 13.2+23 124 +1.2 0.97 0.41 0.28

Renal Dysfunction
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Urine Osmolality(mOsm/kg) 6 2304 +340 1521 +143 1509+248 6 1704 +240 49596 433 + 42 <0.001 <0.001 0.45

Urinary Protein excretiotr 5 7.48+2.21 825+055 865+1.22 6 564+0.19 21.84+3.76 24.17+1.39 0.001 0.001 0.002

(mg/day)

Urinary Albumin®Excretion 6 129 + 33 141 + 48 63+10 6 197+51 3852+967 5274+1112 <0.001 <0.001 <0.001
(Lg/day)

Urinary Albumin/Creatinine 6 14.6+48 156+59 6.0+x09 6 234+7.0 542+304 593 £ 213 0.05 0.07 0.07

Ratio (mg/qg)

P values represent the outcomes of repeated measures analysis of v@iharGezenhous&eisser correction was applied to witlsubjectP values

to correct foreompound asymmeffyjTreat = Treatment
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Table 2: Characteristics of rats on day 15 of adenine or vehicle treatment

Variable Vehicle-treated rats  Adenine-treated rats P

n Day 15 n Day 15
Body Weight.(g) 6 276 + 14 6 233+ 12 0.04
Mean Arterial'Pressure (mmHg) 5 112 +2 3 120+1 0.01
Heart Rate (beats/min) 5 368 £ 25 3 317+11 0.14
Left Kidney Weight(g) 5 1.32+011 5 2.38£0.12 <0.001
Right Kidney Weight (g) 5 1.23+006 5 2.37+0.16 0.001

P values are‘the"outcomes of Student’s unpaitedtt

Figure Legends
Fig. 1 Micrographs of kidney sections from rats treated with vehicld) (@ adenine (),
stained with| haematoxylin and easi@ortical (b, f), outer medullary (c, g) and inner
medullay (d, h) regions are shown. Boxes in (a) and (e) show regionsprdsa (bd) and
(f-h). Note hypertrophy of the kidnegf adeninetreated rats, interstitial expansion and
irregularfumen.of tubulesmages are typical of two sections taken from each kidney.

Fig. 2 Micregraph of a kidney section from a rat treated with adengtained with
haematoxylin and eosin. Note the presence of tubular casts (arrows) formed from

precipitationsef2, &ihydroxyadenine.

Fig. 3 Micrographs of kidney sections from rats treated with vehict @ adenine (),
stained withpicrosirius red Cortica (b, f), outer medullary (c, g) and inner medofl&d, h)
regions are shown. Boxes in (a) and (e) show regions presented)iraiiid (fh). Note the
intensered staining in th&idneys ofadeninetreated ratsshowingcollagen accumulation in
the expanded interstitial space. In contrast, vehicle treated rats @indwtéining around the
glomerulus and considerable staining aroan@ries and some veins. Images are typical of

two sections taken from each kidney.
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Fig.4 Micrograph of kidney sections from rats treated with vehicld)(ar adenine (&)
stained withMasson'’s trichrome. Cortical (b, f), outer medullary (c, g) and inner medullary
(d, h) regions are shown. Boxes in (a) and (e) show regions presented) em¢b (fFh). Note

blue staining representing fibrosiss ubiquitous in thenterstitium of adenine treated rats,

but not vehicletreated ratsimages are typical of two sections taken from each kidney.

Fig.5 Quantifieation of fbrosis in the coex and nedulla. Two sections were analysed from
each kidney:Values arebetweerrat mean+ SEM for adenine (n = 6 filled bars)and
vehicle-(n=4; opened bardjeated rats**P < 0.01 for adenine v control (Student’s unpaired
t-test).

Fig. 6 Micrographs ofkidney sections from rats treated with vehicledjeor adenine (),
showing immunohistochemical localisation of pimonidazole addbstical (b, f), outer
medullary'(c, g) and inner medula(d, h) regions are shown. Note th&msestaining in the
cortex and_medulla of adeniteated rats. In contrast, vehicle treated rats show minimal
staining in the cortex but sonstaining in the medulldmages are typical of two sections

taken from-each:kidney.

Fig.7 Relationship between hypoxia and the patency of tubules in kidneys of atteaiteel

rats. Twenty non-dilatedtubuleswith a visible lumen (open tubuleaipd twentytubules with

no visible lumen (closed tubuleskre selected froraach of the kidney sections stained with
Masson’s [ trichromeThesetubules were then identified in serial sections processed for
pimonidazoleadduct histochemistryEach tubule was theanlassified as hypoxic (by the
presence ‘of piminidazole stain) or not hypoxic (by the absence of pimonidazole stain)
Columns_and_error dys are betweemat mean+ SEM of n=6 . P = 0.39 for comparison

between opensand closed tubules (Student’s paiest)t-

Fig.8 Co-lecalisation of fibrosis and hypoxia. Thaamographs showgerial sections frorthe
kidney of a typicaladeninetreated rat stained withMasson’s trichrome {d), and for

pimonidazole adduci®-h). Cortical (ag, b,f, ¢, g) and medullary (d, h) regions are shown.
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