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Abstract

Introduction: Acute renal failure is a common consequence of sepsis due to concurrent
renal ischaemia. The role of nitric made (NO) in endotoaemia and in ischaemic injury in the
kidney is pot well defined.

Material and Methods: 1 1his study we have used an animal model of sepsis
induced by injection of bacterial lipopolysaccharide (LPS) in the rat and measured renal pitric
oxide by X-band electron paramagnetic resonance { EPR) speciroscopy using the spin trap
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«N-methyl-D- glucamine dithiocarbamate | Fe{ MGD)2] given by intravenous injection 6
minutes before sacrifice.

Results: The charactéristic EPR spectrum of [Fe(NO)YMGD)2] was ohserved in kidneys of
rals treated with LPS for 5h. Rat kidneys subjected 1o 20 min ischaemia and 5 min n:pérrusi:::n
had lower concentrations of [Fe(NO)}MGD)2] (1.0 = 0.6 { M) compared to the contralateral
nonischacmic kidneys (1.5 = 0.9 (M, P<0.05).

Conclusion: This study shows reduced levels of NO after renal ischaemia in vivo.

K«E}" Words: Niiric oxide, Eicciron paramagnélic resonance, Kidney, Ischacmia-
reperfusion
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Introduction
Mitric  oxide  (NO)
cellular function. NO plays a role in a wvarety of

i an important regulator of

communications etween cells, including regulation of
vascular tone, neuranal signal fransmission, mediation
of fissug injury and inflammation (1). In the kidney, NGO
exerts effects on renal haemadynamics (2) by a direct
effect on renal tubular function or macula densa
regulation of glomerular caplllary pressure,

Ranal ischaemia-reperfusion injury is the most
common cause of acute renal failure (ARF). The role of
NO in renal ischaemia-reperfusion injury has cnly
recently bean studied, Controversy exists regarding the
rale of NO-in ischaemia-reperfusion injury in various
organs  including  kidney  where  ihcreasing  NO
production is reported to both improve and  delay
recovery  from  ischasmia-reperfusion (3, 4. NO

synthesis may protect  against or  contribute 1o
progression of renal failure. In the early expermerntal
ischaemic or toxic ARF (9), L-arginine-derived MO
impraoved renal function suggesting that  endothelial
canstitutive  nitric oxide  synthase [cMNOS) maintains
renal blood flow after ischaemia reperfusion (8) On the
other hand, plasma and uring nitrite + nitrate, the and
products of MO metabolism, are reported to increase
24 heurs after ischaemic ARF (7). NO may mediate rat
proximal  tubular  hypoxia-recsygenation  injury  and
progression of renal failure (8).

Direct detection of NO in biclogical systems is
difficult, because of the low concentrations generated
by  normal physiclogical  processes such as
vasodilation where the minimum effective concentraticn
iz of the order of 5 nM synthesised by cNOS [9).

Concentrations of NO genesrated by inducible nitric

cide synthase (iINOS) are rmuch  higher (M)
Endoioxaemic shock after gram-negative  bacterial
sepsis  causes ARF and  can be  mimicked
experimentally by injection of bacterial

ipopolysacchands (LPS). In LPS-trested animals NO
levelz are increased systemically and the resulant
hypotension decreases renal perfusion,

Electran

resonance (EFR]

Speciroscopy In conjunction with spin trapping has

paramagnetic

been widely used to iderntify free radical formation. We

]
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have used spindtrapping  techniques  to  identify

increased  hydroxyl  and  carbon-cenlred  radical
formation in renal ischaemia reperfusion injury {100, It
nas recently been reported that NO can be detected in
animal tissues and biood using a spin trap comprised
of a metal-chelator complex, [Fe(MGD)2]. Herein we
apply EPR  spectroscopy,  spin - concentration
measurements and spin trapping by [Fe(MGDIZ] to
datermine the effect of ischaemia-reperfusion on the

synthesis of NO in kidneys,

Materials and Methods

Male Sprague Dawley rats weighing 270-400 g were
used in all experimants and were allowed free access
to standard focd and water. Lipopolysaccharide (LPS,
frorm Escherichia coli Serotype 026:B8) was obtained
Louig, USA), and
pentobarbitaneg)  was

from Sigma Chemical Co, {5t

Membutal  (sodium from

Boehringer Ingelheim Pty Ltd {Ararmon, Australia). All
other chemicals used were of analytical grade.
(MGD), was

syrthesised after the method of Shinabw et al. (11) The

M-mettyl-D-glucamine  dithiocarbamate

[Fe(MGD);] complex was prepared by adding MGD
(326 mg'kg) and FeS04 (34 mogikg) to 0.5 ml H20
immediately prior to infravencus (iv.) injection.

« Experimental Protocol

Rats in control and experimental groups were given
an injection of LPS (8 mg'kg, ip). After 5 hours,
control - rats were  anaesthetised  with  sodium
pentobarbital (60 mgfkg, ip). In the control group,
kidneys were removed 5 minutes afler iv. injection of
0.5 ml [FelMGD);] complex through a femoral vein.
The time from LPS injection to kidney removal was
exaclly & hows In the ischaemia-reperfusion group,
the right kidney was made ischaemic for 20 min
followed by reperfusion foar 5 min Ischasmia was
produced by an atraumatic clamp placed on the right
renal artery. At the end of ischaemia, 0.5 ml of
[Fe{MGD)p] was
kidneys were then collected after 5 min reparfusion as

injected  intravenously and both
in the control group. After removal, the kidneys wera
immediately halved and cne half freeze-clamped and
stored at 7OTC. The other half was placed in 10%
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buffered
histological examination. For these kidneys, the figative

phosphate farmalin -~ for  subsedquent

was changed to 70% ethanol at 24 hours.

+ Histology

Sections were prepared from kidneys using routine
histological methods. Paraffin sections (3-4 pm) were
stained with hasmatoxylin and =osin (H&E) or periodic
acid-Schiff (PAS) for light microscopy (12) Neutrophils
weare jdentified morphologically in PAS-stained sections
and counted in glomeruli in 20 random figlds of renal
conex, Data are

expressed  as  neutrophils  per

glomerulus.

= EPR Spectroscopy
The

mhd}, was used to generate

Sample preparation: MO generator, S-
nitrosaglutathions 1
standard EPR spectra of nitric oxide. The sample was
prepared by incubation of § nitrosoglutathione (0.6726
mog) in | oml H20 at 37 ~C for 10 min in the presence of
I ml of [Fe(MGD)z] complex soldtion containing 155
mg MGD and 28
immediately frozen in liguid nitrogen, [Ce{MGD)2] was
preparad by dissolving CuS04.5H20 {3.192 mg) and

MGD (70.32mg) separately in water before making up

mg Fe304. The mixture was

1o a total volume 5 ml 00125 mil of this solution was
added to 4875 mi
concentration of 0.1 mM [Cu (MG 2] complex. 2, 2,
6, 6; tetramethylpiperiding- 1- axyl {TEMPO) {1 mM)
used as a standard for spin quantitation measurements

of glycerol to give a final

was prepared by dissolving 1.56 mg of TEMPO in 10
ml of chloroform. Frozen tissue samples were placed
in X-band EPR tubes without thawing.

Instrumentation: EPR spectra of kidneys (frozen
tizsug) [Fe(NO)(MGD2],
[CuMGD)2] and TEMPO were measured an a Bruker
ESP3I00E X and EFR spectrometer. Calibration of the
fiald
performed with an EIP 8458 microwave frequency

and reference samples

microwave freguency and the agnstic were

counter and a ruker ER-035M gaussmeter, 4 dual

TE1M4 cavity was used for

The
was  employed  or

rectangular spin

oncentration  measurements Bruker

3.02)

esn300e
software  (version data

collection.
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Spin guantification: Quantification of the observed
signals was performed by the comparison method in
canjunction with a dual TE104 rectangular cavity and
TEMPQ as the reference sample. A frozen Kidnay
lissue sample was placed in the back cavity [ca 120K)
with TEMPO in the front cavity and the spectra of [Fe
(MO} (MGD) 2] and TEMPO measured. The spectra of
[Fe (NC} (MGD) 2] contained overlapping rescnances
from [Cu(MGD)2] and in order to allow quantitation of
NO, the spectrum from [Cu (MGD) 2] was first
subtracted from each kidney specirum lo remove the
Cuantification of the
molecular weight nitrogen based organic free radical
was as described above for [Fe (NO) (MGD) 2].

overlapping  Cu  signal I

= Statistical analysis
Values are repored as mean+30 Compariscns
between groups were performed using the Wilcoxon

matched-pairs tost,

Results
Faollowing LPS administration (5 an EPH

spactrum of 2 control kidney (Fig. la), comesponding

hrs),

fght kidney had received 20 min ischaemia and 5 min
reperfusion), had resonances arising from [Fe (NO)
(MGD) 2] (Fig. 1b) and [Cu (MGD) 2] (Fig. 1c).
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Fig. 1: EFR spectra of conwol LPS-treated rat Kidney {a),
[Fe (MO MGG and [Cu(MOGIN2] (o)

Multifrequency { G-, X- and 5- band) computer
simulaticns of the EFR spectra from [Cu{MGD)2] and
[Fe (NO) (MGED) 2] are shown in Figure 2 and revesl
that the optimum frequencies 1o separate the spectra of
[Cu (MGD) 2] and [Fe(NO)(MGD)2] is (- band or




higher (Fig. 2c).
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Fig, 2 Compuler simulated BIE spectra of [CufMULNZ] and
[VefWOWMGTN2|() S-hand, (1) X-band and (2 C-hand

Unfortunately the concentrations of [Fe (NO) (MGD)
2] in the kidney samples was insufficient to give a Q-
band EPR spectrum at
resorted to the subtraction of the EPR spectrum of [Cu

120K, Caonseguently, we

(MGD) 2] from the spectrum of frazen kidney to obiain
the spectrunt of [Fe (NO) (MGD) 2].
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Fig 3: LPR speetra of the rat kidney before {a) and alter () subtraction

of apectrum of [CuMGLIRZ] ()

The concentration of [Fe (NO) (MGD) 2] and hence

NO  was obtained through  spin concentration
maasurament. An example of this process is shown in
Figure 3, before {Fig. 3a) and after (Fig. 3c) subtraction
af the spectrum of [Cu(MGD)2] (Fig. 3h).

Typical EFR spectra from the left and right kidneys
of LPS treated rats are shown in Figures 4a and 4b
righit

ischaemia and 5 min reperfusion, whilst the [eft kidiriey

respectively.  The kidney received 20 min

served as a control kidney, The EPR spectrum of the

[Fe (NO) (MGD) 2] was clearly observed in Figures 4a
and 4b.
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Fig 4 Comparison of the FPR specita of control (a1, ischacinia-
repeafused (b) kidievs and 5 contol kiduey after sublraction of

[Cuf MG T2 )

The renal [Fe [NOY (MGD) 2] and nittogen based
radical concentrations in control kidneys and follewing
5 min reperfusion after 20 min ischaemia were
determinaed by spin concentration measurements LISing
TEMPFQ as a reference sample. The resulis are

summarized in Table 1,

Tahle I: MO concentmlion in kidneys of LIS weated mis before and
after 2 i ischacmis and 5 win reperfusion. Sipnificance of differencs

(p=RU05) betwaen lefl 2ol right kidneys 10 [Fo{NOMOI?| conventoation,

LIS treated Rans with wnisareral renal

Spiccies (Repht Kiduey) iicl-.uuz]:n-:-:prrfusimu

Bight Kidney

Left Eiduey
Lichemia-Fepurusion

[Fe(NOHMGL) i) Ls=i oo
Vhreshzntiliesd I'-.|. radicnl {ebd] D3e0d? (RIS P
|43 ||."\.-If:ﬁ'|2'l.\yr.-|:| &+ 3 LoEnT
Nevtrophlis per plomenilis PR TRY 12202

Five hours after injection of LPS in animals not

subjectad 10 renal ischasmia, the concentration of [Fe

"
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(NO} (MGD) 2] was 20 = 14 (M [meanxSD}
averaging the right and left kidneys. While this was not
significantly different from the control, non-ischasmic
M) or
the ischasmia reperfusion group (1.0 = 0.6 (M}, the

kidneys in the experimental group (1.5 = 0.9

scalter prasant in both groups increases the likelinood
of a false negative. Comparing right [(ischasmia-
reperfusion) and left (control) kidneys in the same
animal revealed that the [Fe (NO) (MGD) 2] levels wera
consistently lower following ischaemia reperfusion in all

experiments (Fig. 5, P=0.05),

Hitric Duckde (M)
G &

Conlrol Ischapmis
Hichniy Hidnay

Fig. 5 Conceptrations of N in fve control and five ischacmia-
reperiused LPS eared rat Kidneys, Sipnficance of differenves (p= 008

herwecn lelt and riche kidnevs

In addition to resonances from [Fe(MOj(MGD)2]
and [CuiMGDIZ] spectra (Fig. 4a, b) from control
kidneys and kidneys which had undergone ischaemis
reperfusion {1:1:1)
q=2.0093, A (14N)= 15.3x10-4cm-1 (se8 stick spectra

revealed a  (riplet centred at
in Fig. 4, A low molecular weight mitrogen Gased
organic free radical is the most lkely species giving
rise to this triplet. There were no changes in the

number of glomerdlar neutraphils (Table 1},

Discussion

The EPA, spectrum of [FaiNO){MGD)Z] formed on
trapping of NO by [Fe(MGD2] was observed in
kidneys of LPS-treated rats (Fig. la). Rescnances from
[CuiMGD)2]
[Fe{NO)(MGED)2]). This has been noted previously in

were  found to overlap  those  from

spectra fraom urine of LPS-treated mice although it was
not characterised (13). The crigin of the copper is not
known, however, rat kidney contains 7.4 mgkg Cu

ga? .Y;Lkbtuhm

(mstallothionein, etc) (14) and sufficient copper in
ceruloplasmin (12-24 pM) and superoxide dismulase
{(10-17 pM) to account for the levels of [Cu(MGDZ2]
obzarved here (=1 (M), Subtraction of the [Cu(MGD)2]
spactra. from the spectra of kidneys and subsequant
spin quantitation gave concentrations of NO in the pM
range (Table 1}. This is the concentration range
iINDS

concentrations of WO have been

expected for fissues in which is elevated.

Increased  renal
obsarved previously using EPR and spin trapping with
[Fe(MGD)2] (15, 16) in tha mouse and with iron ()
digthyldithiccarbamate in the rat

Quantitation was performed in the studies of Fuji
(13} who found

concantrations of NO of 11.5 and 10.9 nmolig 2 h after

et al (18) and Lal et al renal
subcutaneous injection of [Fe{MGD)2] in LPS-treated
mice. The exposure to the spin trap was much longer,
2 h compared to & min in the present study, and
hencemay reflect chronic cumulative MO production
rather than acute concentrations as in our study.
Ischasmia- reperfusion decreased renal concentrations
of NO (Table 1). This is a novel finding that is in
agreement with other studies which indirectly suggest
reduced concentrations of NG in the immediate reflow
after renal ischasmia {(17). This fall in NO may result
from decreased production or increased reaction of
MO with compounds  such as 020 Increased
oxygen derived free radical production on reperfusicn
after renal ischaemia has been shown in litrature {10,
16, 19), The resulting production of perowynitrite may
accelerale reperfusion injury. The situation in the Kidney
may be different from other organs such as hean
MO have bDeen

observed both during ischaemia and after reperfusion

where increased concentrations of

{20). There were no differencas in neutrophil counts in
control and reperfused kidneys

in surmmary, EPR and spin trapping in viva were
used in this study to observe an acule fall in NO on
reperfusion of the ischaemic rat kidney. This decrease
in WO most likely reflects either reduced synthesis or
increased  degradation of NO in renal cells. The
decrease in renal NO in early reperfusion may lead 10
an imbalance in vasoconstrictive and  vasodilatory

activity within the kidney resulting in reduced renal




blocd flow and tissue perfusion which may lead 10
tissue injury and acute renal failure. In addition, there
may be further tissue injury resulting from the

W&_Q

degradation products of NO such as peroxynitrite
derived from NO and superoxide, formed after
ischaemia-reperfusion.
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