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RESUMO

Introdugao: A proteiniria e a diminuic¢do da
taxa de filtragdo glomerular tém assumido
uma importdncia crescente na defini¢éo do
risco cardiovascular dos doentes com
insuficiéncia renal crénica (IRC). O objectivo
do presente trabalho foi estudar as alteracdes
morfol6gicas, moleculares e hemodindmicas
cardfacas no modelo animal de proteindria e
insuficiéncia renal induzidas pelo
aminonucleosideo de puromicina (PAN).

Métodos: Ratos normotensos (n=14) foram
aleatoriamente injectados com PAN (150
mg/kg, ip) ou com o veiculo. A pressdo
arterial (PA) foi determinada diariamente e os
animais foram colocados em gaiolas
metabdlicas para avalia¢do da excregdo
urindria de s6dio, proteinas e creatinina.
Catorze dias ap6s a administragdo de PAN
procedeu-se a avaliagdo da hemodinamica do
ventriculo esquerdo (VE) através de um
cateter de pressdo, e & morfometria do
coragdo. Depois, extrairam-se amostras
transmurais do VE para quantificagéo de
ARNm da SERCA2a, fosfolamban (PLB), factor
de crescimento tipo insulina 1 (IGF-1) e
gliceraldeido-3-fosfato desidrogenase
(GAPDH).

Resultados: Os animais tratados com PAN
apresentaram uma redugéo da depuragio

da creatinina (14.° dia: 2,24+ 0,32 vs.

4,51 £1,08 ml/min) e aumento da proteintria
(14.° dia: 51,0£9,0 vs. 3,8 £0,7 mg/mg
creatinina), sem elevagdo da PA sistélica

ABSTRACT

Morphologic, molecular and
hemodynamic cardiac alterations in a
model of nephropathy induced by

puromycin aminonucleoside

Introduction: Proteinuria and decreased
glomerular filtration rate are assuming
increased importance in defining
cardiovascular risk in chronic renal
insufficiency. The aim of this work was to
study morphologic, molecular and
hemodynamic cardiac alterations in an
animal model of proteinuria and renal
insufficiency induced by puromycin
aminonucleoside (PAN).

Methods: Normotensive rats (n= 14) were
injected with PAN (150 mg/kg, ip) or with
vehicle. Blood pressure was measured daily
and the animals were placed in metabolic
cages for evaluation of urinary excretion of
sodium, protein and creatinine. Fourteen days
after PAN administration left ventricular
hemodynamics were evaluated through a
pressure tip micromanometer and heart
morphology was examined. Transmural
samples of left ventricle were then taken for
mRNA quantification of SERCA2a,
phospholamban (PLB), insulin-like growth
factor 1 (IGF-1) and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH). Results:
The animals treated with PAN presented a
decrease in creatinine clearance (14th day:
2.24+0.32 vs. 4.51 +1.08 ml/min) and an
increase in proteinuria (14th day: 51.0 9.0
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(14.° dia: 1517 vs. 141 +6 mmHg) ou
diastélica (14.° dia: 85+ 7 vs. 86 =3 mmHg).
Estas altera¢des acompanharam-se de atrofia

cardfaca com diminui¢do da contractilidade
do VE. A nivel molecular, verificou-se uma
redug@io do quociente de ARNm da
SERCA2a/PLB, sem altera¢do significativa da
expressdo do ARNm do IGF-1 no VE.
Discusséo: A nefropatia induzida pelo PAN
acompanha-se de atrofia cardfaca, disfunc¢éo
do VE e alteragdes na expressdo de genes
envolvidos na cinética do célcio do
miocérdio, na auséncia de hipertensdo
arterial. Estes resultados poderfio contribuir
para a compreensdo do risco cardiovascular
aumentado dos doentes com IRC e
proteindria.

Palavras-Chave

Insuficiéncia renal; Aminonucleosideo de puromicina;
Proteindria; Atrofia muscular; Fungéo miocdrdica;
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INTRODUCAO

Ainsuficiéncia renal crénica (IRC) estd
associada a uma incidéncia aumentada de
insuficiéncia cardfaca. Esta associac¢do tem
sido classicamente atribuida a elevada
prevaléncia de hipertensdo arterial e de doencga
corondria durante a progressdo da IRC ™. Mais
recentemente, outros mecanismos envolvidos na
fisiopatologia da IRC como a anemia, as
alteragdes do metabolismo fosfocélcico, a
inflamagfo, a proteintdria e a diminui¢éio da
taxa de filtragdo glomerular tém assumido uma
importancia crescente na defini¢gdo do risco
cardiovascular aumentado na IRC *2%. Em
particular, a proteintria constitui actualmente
um factor de prognéstico independente nos
doentes com IRC, com uma correla¢do positiva
entre o grau de proteinidria e a mortalidade
cardiovascular ®. Por sua vez, a reducdo da
proteindria através da utiliza¢do de fdrmacos
com accdo inibitéria do eixo renina-
angiotensina-aldosterona (e.g. antagonistas dos
receptores da angiotensina II), acompanha-se
de um impacto favordvel na mortalidade
cardiovascular e na progressdo da IRC, sendo
este efeito independente da acc¢do anti-
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vs. 3.8+0.7 mg/mg creatinine), without
changes in systolic (14th day: 151+7 vs.

141 + 6 mmHg) or diastolic blood pressure
(14th day: 85+ 7 vs. 86 £3 mmHg). These
alterations were accompanied by cardiac
atrophy with decreased left ventricular
contractility. A reduction in the SERCA2a/PLB
mRNA ratio was observed without significant
alteration in the expression of IGF-1 in the
left ventricle.

Conclusions: PAN-induced nephropathy is
accompanied by cardiac atrophy, left
ventricular dysfunction and alterations in the
expression of genes involved in myocardial
calcium kinetics. These findings were not
accompanied by increases in blood pressure
and may contribute to our understanding of
the increased cardiovascular risk in chronic
renal insufficiency.

Key words

Renal insufficiency; Puromycin aminonucleoside;
Proteinuria; Muscle atrophy; Myocardial function;
Calcium kinetics

INTRODUCTION

hronic renal insufficiency (CRI) is associ-

ated with an increased incidence of heart
failure. This association has traditionally been
attributed to the high prevalence of
hypertension and coronary disease found in
progression of CRI". However, other mech-
anisms involved in the pathophysiology of CRI,
such as anemia, changes in calcium-
phosphorus metabolism, inflammation,
proteinuria and reduced glomerular filtration
rate are assuming increased importance in
defining the cardiovascular risk associated with
CRI " 2%, Proteinuria, in particular, is now
considered an independent prognostic risk
factor in CRI patients, with a positive
correlation between the degree of proteinuria
and cardiovascular mortality . Conversely,
reducing proteinuria with drugs that inhibit the
r e n i
angiotensin-aldosterone system, such as
angiotensin receptor blockers, has a favorable
impact on cardiovascular mortality and CRI
progression; this effect is independent of the
d r u g s
antihypertensive action ®.
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-hipertensora dos farmacos ©.

Os mecanismos envolvidos no aumento do
risco cardiovascular dos doentes com
proteintdria elevada permanecem ainda, no
entanto, por esclarecer. A disfun¢do endotelial
© e 0 aumento dos niveis circulantes de factor
de Von Willebrand @ nos doentes com
proteintdria poderdo explicar em parte esta
associacdo. A desnutri¢do que acompanha a
proteintiria marcada associa-se, por sua vez, a
um aumento da actividade inflamatéria que
poderd contribuir também para elevar o risco
cardiovascular destes doentes ®. Em alternativa,
a protefnuria poderd representar apenas um
marcador de lesfo renal, uma vez que os doen-
tes com microalbuminiria apresentam uma
média de idades mais elevada, hipertensio
arterial e aumento da actividade dos
marcadores inflamatérios. O impacto que estes
factores poderdo ter na remodelagem do
miocardio e na progressdo para a insuficiéncia
cardiaca permanece, ainda largamente
desconhecida.

Com o objectivo de esclarecer a importancia
da diminui¢do da taxa de filtragdo glomerular e
da proteintria no risco cardiovascular que
acompanha a IRC, estuddmos as alteracdes
morfolégicas, moleculares e hemodindmicas do
coracdo no modelo de nefropatia induzida pelo
aminonucleosideo de puromicina (PAN) no rato.
Neste modelo animal, a administragdo de PAN
acompanha-se do aparecimento precoce de
proteindria nefrética a que se associa uma
reducéo da taxa de filtragdo glomerular®.

MATERIAL E METODOS

Estudos in vivo

Nefropatia induzida pelo PAN. Ratos
normotensos Sprague-Dawley (Harlan,
Barcelona, Espanha; 170+10g) foram
injectados com PAN (150 mg/kg peso corporal;
ip; n=7) ou com vefculo (ratos controlo; 0,9 %
NaCl; ip; n=7) no dia 0.

Fstudos metabolicos. Os dois grupos de
animais (PAN e controlos) foram colocados em
gaiolas metabélicas para a avaliacdo da
excregdo urindria didria de sédio, proteinas e
creatinina. O grupo controlo teve apenas acesso
a mesma quantidade de comida ingerida pelos
ratos a que foi administrado PAN. A PA
(sistdlica e diastélica) e a frequéncia cardiaca
foram medidas diariamente na artéria da cauda
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However, the mechanisms involved in the
increased cardiovascular risk in patients with
high proteinuria are not yet fully understood.
Endothelial dysfunction® and elevated levels of
circulating von Willebrand factor @ in patients
with proteinuria may partly explain the link.
The malnutrition that accompanies marked
proteinuria is in turn associated with increased
inflammatory activity, which may also
contribute towards the increased cardiovascular
risk in these patients ®. Alternatively,
proteinuria may be simply a marker of renal
damage, since patients with microalbuminuria
tend to be older, with hypertension and in-
creased inflammatory markers. The impact
these factors may have on myocardial remodel-
ing and on progression to heart failure remains
largely unknown.

With the aim of determining the importance
of decreased glomerular filtration rate and
proteinuria in the cardiovascular risk that
accompanies CRI, we studied morphologic,
molecular and hemodynamic cardiac alterations
in a rat model of nephropathy induced by
puromycin aminonucleoside (PAN). In this
model, the administration of PAN is
accompanied by the early appearance of
nephrotic proteinuria, to-gether with decreased
glomerular filtration rate .

METHODS

In vivo studies

PAN-induced nephropathy. Normotensive
Sprague-Dawley rats (Harlan, Barcelona, Spain;
170+ 10 g) were injected with PAN (150 mg/kg
body weight, ip; n="7) or with vehicle (controls;
0.9% NaCl, ip; n=7) on day 0.

Metabolic studies. The two groups of
animals (PAN and controls) were placed in
metabolic cages for daily evaluation of urinary
excretion of sodium, protein and creatinine.
The control group had access to the same
amount of food as the PAN rats. Systolic and
diastolic blood pressure and heart rate were
measured daily in the caudal artery using a
photoelectric pulse detector (LE 5000, Letica,
Barcelona, Spain).

Left ventricular systolic function. Fourteen
days after administration of PAN or vehicle the
rats were anesthetized with sodium
pentobarbital (50 mg/kg body weight), placed
over a heating pad to maintain body
temperature between 36 and 38 °C, then
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através de um detector fotoeléctrico (LE 5000,
Letica, Barcelona, Espanha).

Fungao sistolica do VE. Catorze dias depois
da administra¢do do PAN ou do veiculo os ratos
foram anestesiados com pentobarbital sédico
(50 mg/kg peso corporal), colocados numa placa
de aquecimento para manter a sua temperatura
corporal 36-38°C, traqueostomizados e
ventilados mecanicamente (Harvard Small
Animal Ventilator, Model 683) fornecendo-se ar
enriquecido com oxigénio (60 cpm) com um
volume corrente de 1 ml/100g. De seguida, o
coragdo foi exposto por esternotomia mediana e
o pericdrdio aberto. A aorta ascendente foi
dissecada para permitir a sua oclusfo externa
durante o protocolo experimental. Para medir a
pressdo do VE, foi inserido um cateter de
pressdo de alta-fidelidade 3F (SPR-407, Millar
Instruments, Houston, Texas) na cavidade do
VE. Ambos os cateteres de pressido foram
calibrados apés estabilizacdo de 30 minutos
num banho de soro fisiolégico a 37°C. Apés 10
minutos de estabiliza¢do iniciou-se o protocolo
experimental. A elevacdo da pés-carga foi
efectuada por oclusdo abrupta e total da aorta
ascendente durante a didstole que separa dois
ciclos cardfacos, provocando um ciclo cardiaco
isovolumétrico (ISO). O primeiro batimento a
seguir & oclusdo da aorta ascendente, batimento
teste (ISO), foi comparado com o batimento
controlo precedente. Procedeu-se ao registo da
pressdo do VE (PVE) e da sua primeira
derivada (dP/dt). Os registos foram efectuados
com a ventilagdo mecénica suspensa no fim da
expiracdio e convertidos para dados digitais
(Atcodas, Dataq; 500 Hz).

Estudos in vitro

Caracterizagdo da atrofia muscular cardiaca
e esquelética. O coracdo e o musculo
gastrocnemius (membro posterior direito) foram
removidos e pesados. Determinou-se o
comprimento da tibia. Apés disseccdo do
coraco, o conjunto formado pela parede livre
do VE e pelo septo interventricular foi pesado.
Posteriormente, amostras da parede livre do VE
e do gastrocnemius foram armazenadas a 80°C
para posterior determinagéo da concentragdo de
proteinas totais (Método de Bradford; Bio-Rad
500-0002) e de ADN total (Bio-Rad 732-6343).

Quantificagdo do ARNm por RT-PCR em
tempo real. O ARNm total (ARNmuww) foi

o

tracheostomized and ventilated mechanically
(Harvard Small Animal Ventilator, model 683)
with oxygen-enriched air at 60 cpm and current
volume of 1 ml/100 g. The heart was exposed
by means of a median sternotomy and the
pericardium opened out, and the ascending
aorta was dissected to allow external occlusion
during the experimental protocol. A 3F high-
fidelity pressure tip micromanometer (SPR-407,
Millar Instruments, Houston, Texas) was
inserted into the left ventricular (LV) cavity to
measure LV pressure. Both pressure catheters
were calibrated after a 30-minute stabilization
period in a saline bath at 37°C. After 10
minutes stabilization the experimental protocol
was begun. Afterload was increased by sudden
and complete occlusion of the ascending aorta
during the diastole between two
heartbeats, causing an isovolumetric heartbeat
(ISO). The first heartbeat following occlusion of
the ascending aorta the test beat (ISO) was
compared with the preceding (control) beat.
Left ventricular pressure (LVP) was measured
and its first derivative (dP/dt) calculated. The
measurements were taken with mechanical
ventilation suspended at end-expiration and
converted to digital form (Atcodas, Dataq) at
500 Hz.

In vitro studies

Characterization of cardiac and skeletal
muscular atrophy. The heart and the
gastrocnemius muscle from the right hind leg
were removed and weighed and the length of
the tibia was measured. The heart was
dissected and the part composed of the LV free
wall and the ventricular septum were weighed.
Samples of the LV free wall and the
gastrocnemius muscle were then stored at 80
°C for subsequent measurement of the total
protein concentration (Bradford method, Bio-
Rad 500-0002) and total DNA (Bio-Rad 732-
6343).

Quantification of mRNA by real-time RT-PCR.
Total mRNA (mRNA.w.) was extracted using the
guanidine-thiocyanate method and loaded onto
a silica gel membrane in accordance with the
manufacturers instructions (Qiagen 74124).
The purity and concentration of the mRNA s
were determined spectrophotometrically
(Eppendorf 613000.012).

The relative quantification of specific mRNA
was carried out by two-step real-time RT-PCR.
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extraido pelo método de guanidio-tiocianato e
ligacdo a membrana de silica-gel, de acordo
com as instru¢des do fabricante (Qiagen
74124). A pureza e a concentragdo do ARNmuw
foram determinadas por espectrofotometria
(Eppendorf 613000.012).

A quantificagdo relativa do ARNm
especifico foi efectuada por two-step real time
RT-PCR. A transcri¢éo reversa (10 min a 22°C,
50 min a 50°C e 10 min a 95°C; volume final
20 pl) foi efectuada num termociclador conven-
cional (Whatman Biometra 050-901): 40
U/reaccgio de trancriptase reversa (/nvitrogen
18064-014), 20 U/reacc¢do de inibidor da
RNAse (Promega N2515), 30 ng/ml de random
primers (Invitrogen 481990-011), 0,5 nM de
nucledtidos (MBI Fermentas R0192), 1,9 mM
MgCl: ¢ 10 mM de DTT. Dez por cento do
produto da transcri¢do reversa foi utilizado na
reaccio de PCR (Light-
Cycler, Roche), utilizando o fluorocromo SYBR
Green (Qiagen 204143) de acordo com as
instru¢des do fabricante. A formacdo de
dimeros de primers e a pureza do produto de
amplificagdo foram avaliadas através da andlise
das melting curves dos PCR em tempo real e
dos géis de agarose-2 % (brometo de etideo, 0,5

g/ml). Para cada molécula de ARNm estudada,
foram elaboradas curvas padrio a partir da
correlagdo entre a quantidade inicial de
ARNmuw e ciclo PCR limiar (método da segunda
derivada) de dilui¢des crescentes de uma
amostra aleatéria de miocdrdio de rato
(r>0,97). A quantificacéo relativa dos ARNm
especificos foi obtida através da regressdo do ciclo
PCR limiar do produto da transcrigéo reversa da
amostra (50 ng de ARNmuw). A expressdo de
GAPDH n#o variou significativamente entre os
grupos experimentais, tendo este gene sido
utilizado como controlo interno. Os resultados
sdo expressos em unidades arbitrarias (UA),
definidas como a média dos valores do grupo
Sham (Sham = 1 UA), apés normalizacéo para o
GAPDH.

Foram utilizados os seguintes pares de primers
especificos para os genes a estudar: SERCA2a -
directo 5 -CGA GTT GAA CCT TCC CAC AA-3 e
reverso 5-GGA GGA GAT GAG GTA GCG GAT
GGA-3; PLB - directo 5-GGC ATC ATG GAA
AAA GTC CA-3 ereverso 5-GGT GGA GGG CCA
GGT TGT AA-3; IGF-1 - directo 5-CAG ACG
GGC ATT GTG GAT-3 e reverso 5 -AGT CTT

o
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Reverse transcription (10 minutes at 22°C, 50
minutes at 50°C and 10 minutes at 95°C; total
volume: 20 L) was performed in a standard
thermocycler (Whatman Biometra 050-901): 40
U reverse transcriptase (Invitrogen 18064-014);
20 U ribonuclease inhibitor (Promega N2515);
30 ng/ml random primers (Invitrogen 481990-
011); 0.5 nM nucleotides (MBI Fermentas
R0192); 1.9 mM MgCl: and 10 mM DTT. Ten
percent of the product of reverse transcription
was used in the PCR (LightCycler, Roche),
using the fluorochrome SYBR Green (Qiagen
204143) in accordance with the manufacturer s
instructions. The formation of primer dimers
and the purity of the amplification product were
tested by melting curve analysis of the PCR
product and of 2 % agarose gel (0.5 g/ml
ethidium bromide). For each mRNA molecule
stud-ied, standard curves were drawn based on
the correlation between the initial quantity of
mRNAtotal and the threshold PCR cycle (sec-
ond derivative method) from successive dilu-
tions of a random sample of rat myocardium
(r>0.97). The relative quantification of specific
mRNA was obtained by regression of the thresh-
old PCR cycle of the reverse transcription prod-
uct of the sample (50 ng of mRNAw.). GAPDH
expression did not vary significantly between
the experimental groups and so this gene was
used as an internal control. The results are
expressed in arbitrary units (AU), defined as the
mean of values in the control group (control = 1
AU), after normalization for GAPDH.

The primer pairs for the genes under study
were as follows: SERCA2a - forward 5 -CGA GTT
GAA CCT TCC CAC AA-3 and reverse 5-GGA
GGA GAT GAG GTA GCG GAT GGA-3; PLB -
forward 5-GGC ATC ATG GAA AAA GTC CA-3
and reverse 5-GGT GGA GGG CCA GGT TGT
AA-3; IGF-1 - forward 5-CAG ACG GGC ATT
GTG GAT-3 and reverse 5-AGT CTT GGG CAT
GTC AGT GTG-3 ; GAPDH - forward 5-CCG CCT
GCT TCA CCA CCT TCT-3 and reverse 5-TGG
CCT TCC GTG TTC CTA CCC-3.

RESULTS

Metabolic study of PAN-induced
nephropathy

Throughout the study, sodium ingestion was
similar in the rats treated with PAN and the
controls. The PAN rats developed marked
proteinuria on day 4, rising to a plateau on day
8 and remaining constant until day 14 (Fig.
1A). They also presented maximum sodium
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GGG CAT GTC AGT GTG-3 ; GAPDH - directo 5 -
CCG CCT GCT TCA CCA CCT TCT-3 e reverso
5-TGG CCT TCC GTG TTC CTA CCC-3.

RESULTADOS

Estudo metabdlico da nefropatia induzida
pelo PAN

Ao longo do estudo a ingestdo de sédio foi
semelhante nos ratos tratados com PAN e nos
ratos controlo. Os ratos tratados com PAN
desenvolveram proteiniria marcada ao dia 4,
atingindo um patamar a partir do dia 8, que se
manteve constante até ao dia 14 (#ig. 1-A). Os
ratos tratados com PAN apresentaram retenc¢do
méxima de sédio (Fig. I-B) e acumulacdo de
ascite (14,5+1,1 vs. 0,7+0,1; g) ao dia 7. A
partir do dia 10 verificou-se um aumento
progressivo da excre¢do urindria de sédio até ao
final do estudo (Fig. I-B), que se acompanhou
com a quase completa mobilizacdo da ascite
(1,3+£0,3 vs. 0,6 £0,1; g).

A PA sistélica (14.° dia: 150,5+7,2 vs.
141,0+5,7; mmHg) e diastélica (14.° dia:
85,9+6,9 vs. 85,5+3,1; mmHg) ndo diferiram
significativamente entre os ratos nefréticos e os
ratos controlo ao longo do estudo. Paralelamen-
te, a depuracdo da creatinina foi menor nos
ratos tratados com PAN do que nos ratos

retention (Fig. 1B) and ascites (14.5+1.1 vs.
0.7+0.1 g) on day 7. From day 10, there was a
progressive increase in urinary excretion of
sodium until the end of the study (#ig. /B) that
was accompanied by almost complete
mobilization of the ascites (1.3 +0.3 vs.
0.6+0.1 g).

Systolic (14th day: 150.5+7.2 vs. 141.0£5.7
mmHg) and diastolic (14th day: 85.9+6.9 vs.
85.5+ 3.1 mmHg) blood pressure did not differ
significantly between PAN and control rats dur-
ing the study. At the same time, creatinine
clearance was lower in the PAN animals than in
the controls, both on day 7 (2.24+0.81 vs.
5.65+1.38 ml/min) and on day 14 (2.24+0.32
vs. 4.51 £1.08 ml/min). Plasma creatinine lev-
els were higher in the PAN rats, both on day 7
(0.54£0.06 vs. 0.20 +£0.02 mg/dl) and on day 14
(0.32£0.03 vs. 0.22 £0.02 mg/dl).

Characterization of cardiac and skeletal
muscle atrophy

By day 14 following PAN administration, a
significant reduction was seen in the ratio be-
tween skeletal and cardiac (LV) muscle weight
and tibia length. The ratios of protein
concentration to DNA concentration in skeletal
and cardiac muscle were also lower in the PAN
rats than in the controls (7able J).
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Fig. 1

(A) Proteinas urindrias e (B) excre¢do urindria de sédio nos ratos controlo e tratados com PAN ao longo do estudo. Os simbolos

representam médias de 7 ratos por grupo. * p< 0,05, ** p <0,01, *** p <0,001, relativamente aos valores do grupo controlo.

Fig. 1 (A) Urinary proteins and (5) urinary excretion of sodium in control and PAN rats over the course of the study. The symbols
represent the means of 7 rats per group. *p <0.05, **p<0.01, ***p<0.001, compared to values in the control group.
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Quadro 1

CGaracteriza¢io da atrofia muscular esquelética

¢ cardiaca nos ratos controlo e ratos com sindrome
nefrético induzido pelo PAN 14 dias

apds a injecc¢io

MANUEL PESTANA, et al
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Table 1

Characterization of skeletal and cardiac muscle
atrophy in control rats and PAN-induced
nephropathy 14 days after administration

Control PAN
Controlo PAN Gast weight/tibia length, mg/mm 458+11 206+52%*
Peso gast/comprimento tibia, mg/mm 458+11 206+52%* Gast protein/gast DNA, mg/mg 226.9+20,1  161.1x19.8*
Protefnas gast/ADN gast, mg/mg 226,9+20,1 161,1+19,8* LV+S weight/tibia length, mg/mm 1742466  144.4+5.6*
Peso VE + S/comprimento tibia, mg/mm  174,2+6,6  144,4+5,6% LV protein/LV DNA, mg/mg 96.2+3.0 09.8+4.4*
Protefnas VE/ADN VE, mg/mg 96,2+3,0 69,8+4,4*

Os valores sdo médias + erro padrio; n = 7 experiéncias por grupo. Gast,
musculo gastrocnemius; VE+S, ventriculo esquerdo mais septo; ADN,
dcido desoxirribonucleico. *p<0,05, relativamente aos valores do grupo
controlo.

controlo, quer no dia 7 (2,24+0,81 vs.
5,65+ 1,38; ml/min) quer no dia 14 (2,24 +0,32
vs. 4,51 £1,08, ml/min). Os niveis plasméticos
de creatinina encontravam-se aumentados nos
ratos tratados com PAN, quer no dia 7
(0,54 0,06 vs. 0,20 +0,02; mg/dl) quer no dia 14
(0,32+0,03 vs. 0,22+0,02; mg/dl).

Caracterizagio da atrofia muscular
cardiaca e esquelética

No dia 14 ap6s a injeccdo de PAN verificou-
-se uma diminuicdo significativa dos quocientes
entre o peso dos misculos esquelético e car-
diaco (VE) e o comprimento da tibia.
Paralelamente, os quocientes entre a
concentracdo de protefnas e a concentragio de
ADN dos misculos esquelético e cardiaco foram
menores nos ratos PAN do que nos ratos
controlo (Quadro ).

Values are means * standard error; n = 7 experiments per group. Gast,
gastrocnemius muscle; LV + S, left ventricle plus septum. *p<0.05
compared to values in the control group.

LV systolic function

Fourteen days after PAN administration, a
significant reduction was observed in dP/dtmax
(4012 £ 398 vs. 5784+ 533 mmHg/s) and peak
isovolumetric pressure (164.8+14.2 vs.
205.2+5.5 mmHg), reflecting LV systolic
dysfunction.

Quantification of IGF-1, SERCA2a and
PLB mRNA in the L.V

IGF-1 mRNA levels did not vary significantly
in the rats under study (#7g. 24). A decrease in
SERCA2a and PLB mRNA was observed in the
PAN group. The ratio of SERCA2a to PLB mRNA
was also significantly reduced at 14 days after
PAN administration (Fig. 2B).

DISCUSSION
In the present study, PAN-induced

>
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T
Ratos controlo
Control rats

Fig. 2 Quociente entre os niveis do ARNm de IGF-1 (A4) e quociente entre os niveis do ARNm da SERCA2a pelo PLB (5) expressos em
unidades arbitrdrias e normalizados para 0 ARNm do GAPDH em ratos controlo e em ratos com sindrome nefrético induzido pelo PAN,
14 dias apés a injecgdo. As barras representam médias de 7 ratos por grupo. * p <0,05, relativamente aos valores do grupo controlo.

Fig. 2 Ratio of levels of IGF-1 mRNA (A4) and ratio of levels of SERCA2a to PLB mRNA (B5) expressed in arbitrary units and normalized
for GAPDH mRNA in controls and rats with PAN-induced nephropathy, 14 days after administration. The bars represent the means of 7

rats per group. * p <0.05 compared to values in the control group.
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Fungéo sistdlica VE

Catorze dias ap6s a injeccdo de PAN,
observou-se uma diminuicéo significativa do
dP/dtue (4012 £398 vs. 5784+533 mmHg/s) e
da presséo isovolumétrica méaxima (164,8 + 14,2
vs. 205,2+ 5,5 mmHg) a traduzir disfunc¢éo
sistélica do VE.

Quantifica¢gdo do ARNm do IGF-1,
SERCA2a e PLB no VE

Os niveis de ARNm do IGF-1 nfo variaram
significativamente nos ratos em estudo (#7g. 2-A).
Observou-se uma diminui¢do do ARNm da
SERCA2a e do PLB no grupo PAN. Verificou-se,
também, que a razdo do ARNm da SERCA2a
pelo PLB estava significativamente diminuida
aos 14 dias apés a injeccdo de PAN (Fig. 2-B).

DISCUSSAO

No presente estudo a nefropatia induzida
pelo PAN caracterizou-se por uma reducio da
taxa de filtracdo glomerular e por proteindria
marcada, de acordo com o previamente descrito
por diferentes grupos de investigacdo . Estas
alteragdes acompanharam-se por uma varia¢do
bifasica do balango de sédio: numa fase inicial
(até ao dia 8), assistiu-se a retencéo de sédio,
seguida de uma fase de balang¢o negativo do
s6dio com mobilizacdo da ascite (do dia 8 até ao
dia 14). As altera¢des na funcdo renal e no
balango de s6dio ndo se acompanharam, no
entanto, de hipertenséo arterial.

Neste modelo experimental, a nefropatia
induzida pelo PAN acompanhou-se de atrofia
muscular esquelética e cardiaca traduzida pela
diminuigdo significativa dos quocientes entre o
peso dos musculos esquelético ou cardiaco (VE)
e o comprimento da tibia e por uma reducéo dos
quocientes entre a concentrac¢do de protefnas e
a concentracdio de ADN dos misculos
esquelético e cardiaco. Tendo em conta que o
eixo hormona de crescimento/IGF-1 tem um
papel anabélico importante "%, quantificou-se a
expressdo do ARNm do IGF-1 no VE. A
auséncia de alteragdes significativas nos niveis
de ARNm do IGF-1 no miocdrdio do grupo PAN
sugere que a atrofia cardfaca observada nos
animais tratados com PAN ndo depende de uma
reducdo deste factor de crescimento.

A atrofia cardfaca cursou com disfunc¢éo
sistélica do VE. Paralelamente, observou-se
uma reducdo significativa do quociente
SERCA2a/PLB, o que poderd indicar que as
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nephropathy was characterized by a decreased
glomerular filtration rate and marked
proteinuria, in agreement with the findings of
other research groups . These alterations were
accompanied by a two-phase change in the
sodium balance: an initial phase, up to day 8, of
sodium retention, followed by a phase of negative
sodium bal-
ance with mobilization of ascites, from day 8 to
day 14. However, the changes in renal function
and sodium balance were not accompanied by
hypertension.

In this experimental model, PAN-induced
nephropathy was accompanied by atrophy of
skeletal and cardiac muscle, as shown by the
significant reduction in the ratio between
weight of skeletal or cardiac (LV) muscle and
tibia length and a decrease in ratios of protein
concentration to DNA concentration from
skeletal and cardiac muscle. Given the
important role in anabolism played by the
growth hormone/IGF-1 axis ", the expression of
IGF-1 mRNA in the LV was measured. The
absence of significant changes in IGF-1 mRNA
levels in the myocardium in the PAN group
suggests that the cardiac atrophy seen in these
animals was not caused by a decrease in this
growth factor.

The cardiac atrophy was associated with LV
systolic dysfunction. A significant reduction in
the SERCA2a/PLB ratio was also seen, which
may indicate that changes in calcium kinetics
could be behind the contractile dysfunction
observed in this model. SERCA2a is the main
protein involved in calcium reuptake by the
sarcoplasmic reticulum in cardiomyocytes and
is constitutively inhibited by PLB. Both reduced
SERCA2a activity and increased inhibition of its
calcium-pumping action by PLB are associated
with decreased calcium content in the
sarcoplasmic reticulum ™, which may explain
the systolic dysfunction observed. Our results
thus suggest that, as in heart failure "?, the LV
dysfunction seen in PAN-induced nephropathy
may be related to changes in the calcium kinet-
ics of cardiomyocytes.

PAN causes proteinuria that selectively dam-
ages podocytes in the renal glomeruli. These
cells are key components of the glomerular
filtration barrier to plasma proteins . In our
m 0 d -
el, an increase in the number of nuclei in the
cardiac tissue and a rise in the reticulin index
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alteracdes da cinética do cdlcio estdo na base
da disfung¢@o contréctil observada neste modelo.
A SERCA2a constitui a principal proteina
envolvida na recaptacdo de cdlcio para o
reticulo sarcoplasmético dos cardiomiécitos,
sendo inibida constitutivamente pelo PLB. De
facto, quer a redug¢éo da actividade da
SERCA2a, quer o aumento da inibi¢fo desta
bomba de cdlcio pelo PLB, associam-se a
reducdo do conteido de cdlcio no reticulo
sarcoplasmaético Y, o que poder4 estar na base
da disfunc¢éo sistélica observada. Assim, os
nossos resultados sugerem que, a semelhanca
do que se verifica na insuficiéncia cardiaca?,
também a disfun¢do do VE que se observa na
nefropatia induzida pelo PAN poder4 estar rela-
cionada com uma alteragéo da cinética do
cdlcio dos cardiomiéeitos.

O PAN origina proteintria danificando
selectivamente os podécitos dos glomérulos
renais, os quais sdo componentes chave na
barreira de filtracdo glomerular a protefnas
plasmadticas ™. Catorze dias apés a injec¢do de
PAN, verificou-se neste modelo um aumento do
ntimero de nicleos no tecido cardfaco e um
aumento do fndice da reticulina, sem alteracéio
do ndmero de cardiomiécitos Y. No entanto,
ndo foi possivel esclarecer se estas alteragdes
foram secundérias a nefropatia ou a toxicidade
cardfaca induzida pelo PAN . O PAN é um
anédlogo nucleosidico da adenosina resultante
da clivagem hidrolitica da puromicina. Apesar
de partilhar algumas propriedades biolégicas
com a puromicina (e.g. efeito antiparasitdrio) o
PAN ndo actua por inibi¢éo especifica da
sintese proteica. Embora varias hipéteses
tenham sido avancadas para explicar o
mecanismo de accfio do PAN, verificou-se que
baixas concentracdes de PAN inibem
selectivamente a sintese de ARN ribossomal
em culturas de células de mamifero, ficando
claro que ao contrério da puromicina o PAN néo
é um inibidor especifico da biosintese proteica
15, Tendo em conta que o PAN actua como
inibidor da sintese de ARN ribossomal, ndo se
pode excluir que, indirectamente, ocorra
diminui¢do da sintese proteica, com
responsabilidades potenciais na instalacdo da
atrofia muscular esquelética e cardfaca
observada neste estudo.

A semelhanca do PAN, a injeccdo de
adriamicina também origina um modelo de
nefropatia. No entanto, e ao contrdrio do PAN, a
cardiotoxicidade da adriamicina est4 mais bem
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were seen fourteen days after PAN
administration, with no change in the number of
cardio-myocytes ™. However, it was not
possible to determine whether these alterations
were secondary to the nephropathy or to PAN-
induced cardiac toxicity ™. PAN is a nucleoside
analog of adenosine that is produced by the
hydrolytic cleavage of puromycin. Although it
shares some biological properties with
puromycin, such as an antiparasitic effect, PAN
does not act specifically by inhibiting protein
s y n -
thesis. Various possible explanations for its action
have been put forward, and it is known that low
concentrations of PAN selectively inhibit the
synthesis of ribosomal RNA in mammalian cell
cultures, but it is clear that unlike puromycin,
PAN is not a specific inhibitor of protein
synthesis . However, since it acts as an
inhibitor of ribosomal RNA synthesis, the
possibility cannot be excluded that it is
indirectly responsible for reduced protein
synthesis, which could lead to the skeletal and
cardiac muscle atrophy seen in this study.

Adriamycin, like PAN, also causes a model
of nephropathy. However, unlike PAN,
adriamycin s cardiotoxicity has been well
characterized: it is severe, dose-dependent,
progressive and in most cases irreversible, often
leading to cardio-myopathy ¥, Furthermore,
adriamycin s mechanism of action appears to
differ from that of PAN: it has an antitumor
effect, binding to DNA and inhibiting DNA
replication and protein synthesis "**); these
changes have not been seen with PAN.

In conclusion, in PAN-induced nephropathy,
we observed cardiac atrophy, left ventricular
dysfunction and alterations in the expression of
genes involved in myocardial calcium kinetics,
but these were not accompanied by
hypertension. These preliminary findings may
contribute to the characterization of the PAN-
induced nephropathy model and to our
understanding of the increased cardiovascular
risk in patients with and proteinuria.
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caracterizada, sendo grave, dependente da
dose, progressiva e na maioria das vezes
irreversivel, originando frequentemente
cardiomiopatia "*'®. Por outro lado, o
mecanismo de ac¢do da adriamicina parece ser
diferente do mecanismo de ac¢do do PAN. De
facto, a adriamicina, tem uma accéo antitumoral,
intercalando-se no ADN e causando um efeito
inibitério sobre a replica¢cdo do ADN e sobre a
sintese proteica !, alteracdes estas que ndo
foram documentadas com o PAN.

Em conclusdo, observamos na nefropatia
induzida pelo PAN, atrofia cardfaca, disfun¢do
do VE e alteracdes na expressdo de genes
envolvidos na cinética do célcio no miocardio,
as quais ndo foram acompanhadas de
hipertensdo arterial. Estes resultados
preliminares poderdo
contribuir para a caracterizagdo do modelo de
nefropatia induzido pelo PAN e para a compreen-
sfo do risco cardiovascular aumentado dos
doentes com IRC e proteintria.
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