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RESUMO

Objectivos: Estudo dos efeitos
cardiovasculares e renais da ciclosporina
(CsA), num modelo animal, com doses
equivalentes & Cmin e Cmax da
farmacocinética humana.

Meétodos: Ratos Wistar machos (~300-400 g)
foram tratados durante 7 semanas com CsA
(Sandimmun Neoral ®) dissolvida em sumo de
laranja, nas doses de 5 e 30 mg/Kg/dia. Ao
grupo controlo foi administrado apenas sumo
de laranja nas mesmas condigdes. Foi
determinada a pressédo arterial (pelo método
de «tail-cuff») e realizado o ECG em cada
animal em estudo. Para além da
determinag¢do da ciclosporinémia foram
também avaliados os niveis plasmaticos de
lipideos (triglicerideos, colesterol total e
colesterol HDL), CPK, LDH, SGOT, sédio,
potéssio e creatinina, bem como os teores
urindrios de proteina.

Resultados: Ap6s duas semanas de
tratamento com CsA ambos os grupos
apresentavam j4 hipertensdo arterial (HTA),
mas apenas o grupo tratado com 30
mg/Kg/dia apresentava taquicardia. O grupo
tratado com 5 mg/Kg/dia apresentava
também um aumento da pressdo arterial
diferencial. Também o perfil
electrocardiografico apresentou alteragoes
que se podem resumir a um aumento do QTe
e aumento de amplitude da onda T. No grupo
de 30 mg/Kg/dia 0 ECG mostrou um perfil
de cardiopatia isquémica acompanhado de
aumento dos valores de CPK e SGOT mas
sem alteracdo dos valores de LDH. Nao se
registou hipertrofia ventricular esquerda em
nenhum dos grupos. Apesar do aumento dos

ABSTRACT

Cardiovascular Effects of Cyclosporin
Treatment in an Experimental Model

Objective: This work aims to study the
cardiovascular and renal effects of
cyclosporin treatment. This purpose was
achieved by using an animal model treated
with cyclosporin in doses equivalent to the
Cmin and Cmax values from human
pharmacokinetics.

Methods: Wistar rats, weighing between 300
and 400 g, were treated with cyclosporin
(Sandimmune Neoral ®) for 7 weeks. The
cyclosporin was diluted in orange juice and
administered in two doses: 5 and 30
mg/kg/day. The control group received only
orange juice. Blood pressure was evaluated
by the tail-cuff method and an ECG was also
performed. Besides blood cyclosporin levels,
CPK, LDH, SGPT, SGOT, sodium, potassium
and creatinine in serum and protein in urine,
as well as plasma lipids (triglycerides, total
and HDL cholesterol), were measured.

Resulis: Both doses of cyclosporin increased
blood pressure but only 30 mg/kg/day
induced tachycardia. Changes in
electrocardiographic profile were also
observed: an increase in QTc as well as an
increase in T wave amplitude. Thus, the
group treated with 30 mg/kg/day of
cyclosporin showed an ischemic heart
disease electrocardiographic profile which
was reinforced by increased CPK, SGPT and
SGOT but with no changes in LDH values.
None of the cyclosporin-treated rats
presented cardiac hypertrophy. Despite the
increase in plasma lipids there was little or
no increase in body weight, which was most
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niveis de colesterol, os grupos tratados néo
aumentaram o peso corporal, de modo
semelhante ao controlo principalmente o
grupo tratado com 30 mg/Kg/dia. Os valores
de Na* e K+ plasméticos ndo sofreram
alteracdo, bem como os valores de creatinina
plasmética ou proteina urindria.

Conclusao: Os resultados obtidos sugerem
que os efeitos cardiovasculares da CsA no
rato Wistar sdo precoces e se caracterizam
por HTA e apés 7 semanas de tratamento
com doses elevadas (correspondente & Cmax
humana) por cardiopatia isquémica e
taquicardia, mas ap6s 7 semanas de
tratamento sem hipertrofia ventricular
esquerda. A dose inferior induz menores
lesdes cardiacas, aumentando, no entanto, a
pressdo arterial diferencial. A fun¢do renal
(para ambas as doses de ciclosporina)
apresentou-se sem alterac¢des significativas, o
que nos leva a sugerir que estas alteragdes, a
virem a existir, serdo posteriores as
alteracdes cardiovasculares, nomeadamente 2

HTA.
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INTRODUCAO

Acic]osporina (CsA) é um farmaco imunos-
supressor que muito tem contribuido para
a sobrevivéncia de doentes transplantados.
Pode mesmo dizer-se que a sua introduc¢do na
pratica clinica marcou uma nova era na trans-
plantacdo de 6rgdos. Ndo é contudo a CsA
isenta de efeitos secunddrios, destacando-se
entre estes o desenvolvimento de hipertensdo
arterial (HTA).

Poderd mesmo dizer-se que as propriedades
imunossupressoras da CsA sfio quantitativa-
mente paralelas ao desenvolvimento de HTA
apos transplante . Com efeito, embora estando
descrito um aumento de 58 a 75% de taxa de
sobrevivéncia em transplantados cardiacos
com este tratamento ®, a incidéncia de HTA
aumentou, nesses mesmos doentes, de 20 para

que a CsA confere um aumento de cerca de 30
vezes no risco de hipertensdo, quando comparada
com os imunossupresores convencionais. Esta
hipertensdo pode ser do tipo moderado a se-
vero, requerendo tratamento com medicacéo

evident in the group that received 30
mg/kg/day of cyclosporin. No alterations
were observed in serum Na*, K* or
creatinine values or in urine protein levels.

Conclusions: Our results showed that the
cardiovascular effects of cyclosporin in
Wistar rats are characterized by arterial
hypertension, ischemic heart disease and
tachycardia, but not cardiac hypertrophy.
However, when these changes occur, kidney
function seems to be normal. These facts
suggest that cyclosporin-induced
cardiovascular changes, particularly
hypertension, are prior to renal damage.
Moreover, our cyclosporin-induced
hypertension model could be useful to study
drugs that could treat or prevent these
changes.
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INTRODUCTION

yclosporin is an immunosuppressive drug

that has contributed greatly to the survival
of transplant patients. It could even be said
that in clinical practice it marked the begin-
ning of a new era in organ transplantation. How-
ever, cyclosporin is not without side-effects,
the most important of which is arterial hyper-
tension.

It actually appears that the immunosup-
pressive properties of cyclosporin are quantita-
tively parallel to the development of hyperten-
sion after transplantation . Indeed, although
an increase of 58 to 75% in the survival rate
of cardiac transplant patients is described for
this treatment @, the incidence of hypertension
in these patients has increased from 20 to
90 % ©*>°. 1t has been calculated that in ge-
neral cyclosporin leads to a 30-fold increase in
the risk of hypertension compared to conven-
tional immunosuppressants. This hypertension
may be moderate to severe, requiring treatment
with antihypertensive drugs, and frequently
leading to the failure of the transplant®. At the




antihipertensiva e chegando muitas vezes a
causar o insucesso do transplante V. Por outro
lado, & HTA induzida pela CsA pode associar-
-se, como factor de risco, o desenvolvimento de
hipertrofia ventricular esquerda®®” e a angio-
patia periférica e corondria "'V, Mais ainda,
esta HTA aparece por vezes associada a toxici-
dade renal (como foi referido) e do sistema
nervoso central. Por outro lado, a concomitante
utilizacdo de corticosteréides agrava a HTA in-
duzida pela CsA 12,

A ciclosporina poderd também interferir
com o sistema renina-angiotensina-aldosterona.
Com efeito, se ha trabalhos que referem uma
supressdo da actividade da renina plasmaética e
hipo-aldosteronismo (apesar da expansdo de
volume do fluido extracelular) ®* ', outros au-
tores, como Bellet et al.®, verificaram o con-
trério.

Todavia, apesar de hd muito se utilizar em
doentes, sdo ainda desconhecidos muitos dos
efeitos celulares da CsA, até pela sua comple-
xidade. Por isso, cada vez mais se recorre a es-
tudos em modelos animais e celulares, no sen-
tido de propor mecanismos que possam
explicar, entre outros, o da inducdo de HTA.
Incluido nesses objectivos, este trabalho visa
validar um modelo animal de HTA induzida
pela CsA: No rato Wistar, tratado com CsA em
doses equivalentes as utilizadas em terapéutica
humana e em que se estudaram os efeitos car-
diovasculares e renais do tratamento com CsA.

MATERIAL E METODOS

1. Caracterizacao e distribuicao
dos animais

No presente estudo foram utilizados ratos
Wistar, adultos, machos, com pesos entre os
300 e os 400 g (4 a 6 meses de idade). Os ra-
tos foram adquiridos no Biotério Charles River
(Barcelona) e mantidos durante as experiéncias
no biotério do Nicleo de Terapéutica do Insti-
tuto de Farmacologia e Terapéutica Experi-
mental da Faculdade de Medicina da Universi-
dade de Coimbra de acordo com as normas
legislativas em vigor no nosso pafs. Os animais
foram, assim, mantidos 4 a 5 por gaiola, com
dieta sintética padronizada e dgua ad libitum,
em condic¢des de temperatura (22+1°C) e hu-
midade (50+10 %) controladas e ciclos de 12 h
luz/escuro, de acordo com os pardmetros pré-
estabelecidos para esta espécie. A dieta utili-
zada (LETICA, IPM-R20) continha todos os

nutrientes necessdrios a estes animais, a ex-

same time, cyclosporin-induced hypertension
may be a risk factor in the development of left
ventricular hypertrophy % and peripheral
and coronary angiopathy "'V, Furthermore,
this hypertension is at times associated with
renal toxicity (as already mentioned) and cen-
tral nervous system toxicity. Moreover, the con-
comitant use of corticosteroids aggravates
hypertension induced by cyclosporin 2.

Cyclosporin may also interfere with the
renin-angiotensin-aldosterone system. While
some studies report suppression of plasma
renin activity and hypoaldosteronism (despite the
expansion in extracellular fluid volume) 'V,
other authors, such as Bellet et al. ®, have
found the opposite.

However, although cyclosporin has long
been used in patients, many of its cellular ef-
fects are still unknown, to some extent due to
their complexity. For this reason, studies using
animal and cell models are increasingly used,
with a view to discovering possible mecha-
nisms that might explain, among other effects,
the induction of hypertension. This work,
which forms part of these efforts, sets out to
validate an animal model of hypertension in-
duced by cyclosporin in the Wistar rat, treated
with cyclosporin in doses equivalent to those
used in human therapy and studied for the car-
diovascular and renal effects of treatment with
cyclosporin.

METHODS

1. Characterization and distribution
of the animals

The present study used adult male Wistar
rats, weighing between 300 and 400 g (4-6
months of age). The rats were acquired from
Charles River Laboratories (Barcelona) and
during the experiments were kept in the Ther-
apeutics Unity of the Institute of Pharmaco-
logy and Experimental Therapy of the Faculty
of Medicine of Coimbra University in accor-
dance with the standards laid down by Portu-
guese law. The animals were thus kept 4 or 5
to a cage, on a standardized synthetic diet and
with free access to water, under controlled con-
ditions of temperature (22+1°C) and humidity
(50£10 %) and with 12-h light-dark cycle of
light and darkness, in accordance with the pre-
established parameters for this species. The
diet used (Letica, IPM-R20) contained all the
nutrients these animals need, with the excep-
tion of sodium, in order to avoid inducing
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cepcdo de sédio, de modo a prevenir a indugdo
de HTA pela dieta. Antes de iniciar as expe-
riéncias, aquando da sua chegada ao laboratério,
os animais foram aclimatizados durante uma
semana e o peso dos animais foi avaliado se-
manalmente, sempre no mesmo horério.

2. Tratamento com CsA

Os ratos foram marcados, pesados e dividi-
dos por gaiolas apropriadas de acordo com o
grupo de tratamento, constando para cada ani-
mal uma folha de registo com os dados indivi-
duais e evolucéo durante o tratamento. Todos
os animais foram observados diariamente de
modo a detectar ou acompanhar possiveis pato-
logias associadas, ou ndo, ao tratamento. A
CsA (Sandimmun Neoral ®) foi administrada
oralmente com a ajuda de uma cénula esofé-
gica, diariamente (entre as 19 e as 20 h), nas
doses de 5 ou 30 mg/Kg e por um periodo de 7
semanas. A CsA foi diluida em sumo de la-
ranja e administrada num volume de 0,5
ml/rato. Ao grupo controlo foi administrado
sumo de laranja nas mesmas condi¢des e vo-
lume da CsA. Os niveis sanguineos médios do
farmaco foram determinados no Instituto de
Imunologia da Faculdade de Medicina da Uni-
versidade de Coimbra, por método padronizado
para o efeito e de uso corrente no controlo hos-
pitalar (TDxFLx — Cyclosporin Monoclonal
Whole Blood - Sandoz, Basel, Switzerland).
Em todas as séries (e periodicamente) de forma
aleatéria foram controlados os valores de ci-
closporinémia sempre as 14 horas apés a toma
do farmaco. Porém, sempre que termindmos
uma série e apés a tltima toma do fdrmaco fo-
ram colhidas amostras as 14 e 36 horas para
determinac¢do do referido pardmetro. Nesta fase
nfo houve mais administra¢do do fdrmaco e os
ratos foram sacrificados para posteriores estu-
dos vasculares e anatomopatolégicos.

Neste estudos foram utilizadas diferentes
séries de animais. A pressdo arterial e o peso
corporal foram avaliados em todos os animais
em estudos. Os restantes parAmetros foram es-
tudados em diferentes séries.

3. Determinaciao dos parametros
bioquimicos
Para proceder as colheitas de sangue, os ra-
tos foram anestesiados com cetamina (Ketalar ®,
Parke-Davis, 50 mg/ml) + clorpromazina (Lar-
gactil ®, Rhone-Poulenc, 0.5%). A mistura,
contendo 2 volumes de Ketalar® e 1 volume de

hypertension through the diet. On their arrival
at the laboratory, the animals were acclimatiz-
ed for a week before the beginning of the ex-
periments, and their weight was measured
weekly, always at the same time of day.

2. Treatment with cyclosporin

The rats were marked, weighed and divided
among the appropriate cages according to their
treatment group, with a record card for each
animal showing individual details and evolu-
tion during treatment. All the animals were ob-
served daily to detect and monitor any possible
pathologies associated with the treatment or
not. Cyclosporin (Sandimmune Neoral ®) was
administered orally with the help of an esoph-
ageal cannula, daily between 19 and 20 h,
in doses of 5 or 30 mg/kg over a period of 7
weeks. It was diluted in orange juice and ad-
ministered at a volume of 0.5 ml/rat. The con-
trol group was given orange juice only under
the same conditions and volume as those recei-
ving cyclosporin. Mean blood levels of the
drug were determined at the Institute of Immu-
nology of the Faculty of Medicine of Coimbra
University, using a standardized method in
common use in hospitals for this purpose
(TDxFLx - Cyclosporin Monoclonal Whole
Blood - Sandoz, Basel, Switzerland). Randomly,
in all series (and periodically), the values of
blood cyclosporin levels were checked, in each
case 14 hours after the drug was administered.
However, whenever a series was completed
and after the last dose of the drug, samples
were taken at 14 and 36 hours to determine
this parameter. At this stage the drug was not
administered again and the rats were sacrificed
for subsequent vascular and pathological stu-
dies.

Different series of animals were used in
these studies. Blood pressure and body weight
were assessed in all the animals under study.
The other parameters were studied in different
series.

3. Determination of biochemical
parameters

For collection of blood samples, the rats
were anesthetized with ketamine (Ketalar®,
Parke-Davis, 50 mg/ml) + chlorpromazine
(Largactil ®, Rhone-Poulenc, 0.5%). The mix-
ture, containing two volumes of Ketalar® and 1
volume of Largactil ®, was injected intraperito-

neally in a dose of 2 ml/kg. The blood, be-




Largactil ®, foi injectada i.p. numa dose de 2
ml/Kg. O sangue (entre 2 a 5 ml) foi colhido
da veia jugular direita com uma agulha hepari-
nizada. O anticoagulante, neste caso especifico
EDTA, foi colocado na seringa. Seguidamente
o sangue foi cuidadosamente colocado em tu-
bos de polipropileno para andlise posterior.
Nos ratos em tratamento (controlo e CsA) fo-
ram determinados os seguintes pardmetros bio-
quimicos, por métodos padronizados para a cli-
nica humana: colesterol total, triglicerideos,
colesterol HDL, creatinina, aspartato-amino-
transferase (SGOT),alanina-aminotransferase
(SGPT), ido sédio, ido potdssio, CPK e LDH.

4. Determinaciao da concentracao
de proteinas na urina

Os ratos foram colocados em gaiolas meta-
bélicas individuais, com livre acesso a dgua e
a comida. Apés dois dias de adaptacdo, reco-
lheram-se amostras de urina durante 24 horas.
A urina foi recolhida sem contaminacéo de co-
mida ou fezes, em recipientes graduados con-
tendo 1 ml de azeite mineral, para evitar a
evaporacdo e 10 pg/ml de azida sédica, como
agente antimicrobiano. A seguir, a urina foi
centrifugada a 4°C, durante 15 minutos, a
1000 xg. Recolheram-se aliquotas de 1 ml e
congelaram-se a -20°C. A quantidade de pro-
tefnas na urina foi determinada pelo método de

Bradford .

5. Medi¢ao da pressao arterial

A medi¢do da pressdo arterial foi efectuada
pelo método oscilométrico na cauda do rato
(tail cuff), utilizando um equipamento LE 5001
(Letica), em animais conscientes. A chegada
ao laboratério, e apés um periodo de adaptagio
ao meio, mediram-se as pressdes arteriais du-
rante um perfodo de duas semanas de forma a
habituar os animais ao sistema de medicéo,
conseguindo-se assim um maior rigor e homo-
geneidade dos valores obtidos. Para cada valor
de pressdo arterial foram sempre efectuadas
um minimo de 10 medic¢des a cada animal e
utilizada a média resultante. A pressdo arterial
foi controlada semanalmente durante todo o
periodo de tratamento e em todos os animais
em estudo.

6. Avaliacao cardiaca
(electrocardiograma)

O electrocardiograma foi efectuado em to-
dos os animais de uma mesma série no final de

tween 2 and 5 ml, was collected from the right
jugular vein with a heparinized needle. An an-
ticoagulant, in this case EDTA, was placed in
the syringe. The blood was then carefully placed
in polypropylene tubes for later analysis. In
the rats being treated (control and cyclospo-
rin), the following biochemical parameters
were measured, by standard methods used in
human clinical practice: total cholesterol,
triglycerides, HDL cholesterol, creatinine, se-
rum glutamic-oxaloacetic transaminase
(SGOT), serum glutamic-pyruvic transaminase
(SGPT), sodium ions, potassium ions, creatine
phosphokinase (CPK) and lactic dehydroge-
nase (LDH).

4. Determination of protein
concentration in urine

The rats were placed in individual metabo-
lic cages with free access to food and water.
After two days’ adaptation, urine samples were
taken over a period of 24 hours. The urine was
collected without contamination by food or fe-
ces, in graduated receptacles containing 1 ml
of mineral oil to prevent evaporation and 10
pg/ml of sodium azide as an antimicrobial
agent. The urine was then centrifuged at 4 °C
for 15 minutes at 1000 xg. Aliquots of 1 ml
were collected and frozen at -20 °C. The quan-
tity of proteins in the urine was determined by

Bradford’s method .

5. Measurement of arterial
blood pressure

Arterial blood pressure was measured by
the oscillometric method on the rat’s tail (tail
cuff), using an LE 5001 device (Letica) on
conscious animals. On arrival at the laboratory,
and after a period of adaptation to the environ-
ment, arterial blood pressures were measured
over a period of two weeks in order to accus-
tom the animals to the measurement tech-
nique, thus obtaining greater rigor and homoge-
neity in the values obtained. For each value of
arterial pressure 10 measurements were taken
in each animal and the resulting mean was
used. Arterial pressure was checked weekly
during the entire treatment period and in all
the animals being treated.

6. Cardiac assessment (electrocardiogram)

An electrocardiogram was performed in all
animals of a particular series at the end of 7
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7 semanas de tratamento. Para tal, os ratos fo-
ram anestesiados com 30 mg/Kg de pentobar-
bital sédico por via intraperitonial. Utilizou-se
um electrocardiégrafo «LOGOS 21», com uma
sensibilidade de 2 mV e uma velocidade de
registo de 50 mm/min. O pélo na zona de con-
tacto dos eléctrodos (1 ecm? na face interna dos
membros anteriores e posteriores) foi cuidado-
samente cortado e aplicado o gel de contacto.
Uma vez colocados os eléctrodos, registaram-se
as trés derivagdes cldssicas (I, 11 e 11I) e as de-
rivacdes aVR, aVL e aVF. A dificuldade de
contagem dos espagos intercostais levou a que
as derivagdes pré-cordiais ndo fossem efectua-
das. Para efeitos de quantificacio dos interva-
los e amplitudes das ondas, foram considera-

das as derivacoes 11, I1I e AVFE.

7. Avaliacao estatistica

Foi aplicado o teste de Fisher’s PLSD (pro-
tected least significant difference) obtido pela
andlise de variancia (ANOVA). Os niveis de
probabilidade inferiores a 0,05 foram conside-
rados estatisticamente significativos.

RESULTADOS

Os resultados obtidos relativamente a ci-
closporinémia nos ratos confirmaram os presu-
postos de que as concentragdes médias em
vale se assemelhavam as concentragdes das
doses terapéuticas humanas, isto é, para a dose
de 30 mg/Kg/dia a concentragdo sanguinea era
de ~10° M, enquanto que a concentragiio mé-
dia em vale para a dose de 5 mg/Kg/dia era de
~107 M (Tabela I). No rato torna-se impossivel
determinar com exactiddo o valor de Cmax,
visto as concentragdes sanguineas atingidas se-
rem mais altas do que em humanos. Por este
motivo procuraram-se tempos de experiéncia
em que as concentragdes sanguineas fossem
equivalentes no homem ao valor de Cmax. e
Cmin. Assim, e de acordo com as considera-
¢oes feitas anteriormente, foi utilizado como
tempo de experiéncia as 14 ou 36 horas apds a
dltima administragdo do farmaco (no final do
tratamento).

As alteragdes dos lipideos plasmadticos, no-
meadamente o aumento dos niveis de coleste-
rol total e triglicerideos e baixa dos niveis de
colesterol HDL, s@o actualmente um dos prin-
cipais factores de risco para o desenvolvimento
de lesdes vasculares bem como o desenvolvi-
mento de HTA. Para o grupo tratado com 30
mg/Kg/dia ndo se registaram diferengas nos

weeks of treatment. The rats were anesthetized
with 30 mg/kg of sodium pentobarbital intra-
peritoneally. A Logos 21 electrocardiograph was
used with a sensitivity of 2 mV and a speed of
50 mm/min. The skin in the area of contact
with the electrodes (1 em? on the inner side of
the front and hind limbs) was carefully shaved
and contact gel was applied. When the electro-
des were in place, the three classical leads (I,
IT and IIT) and the aVR, aVL and aVF leads
were recorded. Difficulty in counting intercos-
tal spaces meant that the precordial leads were
not used. To quantify the intervals and ampli-
tudes of the waves, the 1I, III and aVF leads

were used.

7. Statistical assessment

The Fisher’s PLSD (protected least signifi-
cant difference) test was applied, obtained by
analysis of variance (ANOVA). Probability le-
vels lower than 0.05 were considered statistic-
ally significant.

RESULTS

The results obtained for blood cyclosporin
levels in the rats confirmed the assumption
that mean trough concentrations would be si-
milar to the concentrations found for human
therapeutic doses, that is for the 30/mg/kg/day
dose the blood concentration was ~10° M,
while for the 5 mg/kg/day it was ~107 M (Table
I). In the rat it is impossible to determine the
precise value of Cmax, as the blood concentra-
tions attained are higher than in humans. For
this reason experimental times were sought in
which the blood concentrations would be equi-
valent in humans to the value of Cmax and
Cmin. Thus, and in accordance with the consi-
derations outlined above, experimental times
were used of 14 and 36 hours after the last ad-
ministration of the drug at the end of the treat-
ment.

Table 1

Blood cyclosporin levels in Wistar rats treated for
7 weeks with 5 and 30 mg/kg/day of oral
cyclosporin. Cyclosporin levels were determined
in whole blood in randomly selected animals

from each group. The values are meanszstandard
error (n=4)

Dose administered Blood concentrations Blood concentration

(mg/kg/day) at 14 hours (pM) at 36 hours (pM)
5 0.440+0.017 0.050+0.001
30 1.760+0.060 0.430+0.110




teores plasmaéticos de lipideos quando compa-
rados com o grupo controlo. Todavia, nos ani-
mais tratados com a dose mais baixa verifica-
ram-se alteragdes significativas nos niveis de
lipideos plasméticos: aumento de colesterol to-
tal e do colesterol HDL (Tabela II), sem, no
entanto, ultrapassar os padrdes de normali-

dade.

Tabela 1

Valores de ciclosporinemia de ratos Wistar
tratados durante 7 semanas com 5 e 30 mg/Kg/dia
de CsA, por via oral. As determinacoes de CsA
foram feitas em sangue total em animais
escolhidos aleatoriamente entre cada grupo. Os
valores representam médiasterro padrao (n=4)

Dose Administrada C tracio Sanguinea Concentracio Sanguinea
(mg/Kg/dia) as 14 horas (pM) as 36 horas (pM)

5 0,440+0,017 0,050+0,001

30 1,760+0,060 0,430+0,110
Tabela 11

Concentracao plasmatica de lipideos nos ratos
Wistar tratados com CsA durante 7 semanas
nas doses de 5 e 30 mg/Kg/dia. Os valores
representam médiasterro padriao.

n=6 Controlo Ciclosporina Ciclosporina
(cada grupo) 5 mg/Kg/dia 30 mg/Kg/dia
Colesterol Total

(mmol/L) 1,30£0,07 1,5420,06 * 1.47+0,06
Triglicerideos

(mmol/L) 1,17+0,26 0,97+0,19 0,99+0,05
Colesterol HDL

(mmol/L) 0,99+0,10 1,25+0,05 *# 0,94+0,12

* p<0,05 (ANOVA) em relagdo ao controlo;
# p<0,05 relativamente ao grupo tratado com 30 mg/Kg/dia de CsA.

As variagdes de peso encontradas ao longo
das 7 semanas de tratamento ndo foram pro-
porcionais aos niveis de lipideos plasmaticos,
uma vez que o ndo aumento de peso corporal,
contrariamente ao aumento de colesterol, se
mostrou dependente da dose utilizada (Tabela
II). Tendo em conta que os animais em estudo
eram adultos jovens, o grupo controlo, durante
o tratamento, teve um aumento de cerca de 50
g no seu peso corporal. No entanto, o grupo
tratado com 5 mg/Kg/dia aumentou apenas
10,8 g. O efeito no peso corporal do grupo tra-
tado com 30 mg/Kg/dia foi ainda mais acen-
tuado, ndo havendo qualquer alteracéo até ao
final das 7 semanas (Tabela II).

Tal como estd descrito na terapéutica hu-
mana, e tal como seria de esperar, o tratamento
com CsA induziu aumentos da pressdo arterial
no rato muito rapidamente, logo apés 2 sema-
nas de administra¢do do fdrmaco. Ambas as

Changes in plasma lipids, particularly in-
creased levels of total cholesterol and triglyce-
rides and reduction in HDL cholesterol levels,
are nowadays one of the main risk factors for
the development of vascular lesions as well as
the development of hypertension. In the group
treated with 30 mg/kg/day no differences in
plasma lipid levels were detected compared to
the control group. However, in the animals
treated with the lower dose there were significant
changes in plasma lipids, with increased total
cholesterol and HDL cholesterol (Table II), al-

though without exceeding normal values.

Table 11

Plasma concentrations of lipids in Wistar rats
treated for 7 weeks with cyclosporin at doses of 5
and 30 mg/kg/day. The values are means+standard

error

n=6 Control Cyclosporin Cyclosporin
(each group) 5 mglkg/day 30 mg/kg/day
Total cholesterol

(mmol/L) 1.30£0.07 1.5420.06 * 1.47+0.06
Triglycerides

(mmol/L) 1.17+0.26 0.97£0.19 0.99+0.05
HDL Colesterol

(mmol/L) 0.99+0.10 1.2520.05 *# 0.94+0.12

* p<0.05 (ANOVA) in relation to control;
# p<0.05 in relation to the group with 30 mg/Kg/dia of cyclosporin.

The variations in weight found over the 7
weeks of treatment were not proportional to
plasma lipid levels, since the failure of body
weight to increase, despite the increase in cho-
lesterol, was shown to be dependent on the
dose used (Table III). Bearing in mind that the
animals used in the study were young adults,
the control group increased their body weight
by around 50 g during the treatment. However,
the group treated with 5 mg/kg/day increased
by only 10.8 g. The effect on body weight was
even more pronounced in the group treated
with 30 mg/kg/day, with no change at the end
of the 7 weeks (Table II).

Table 111

Evolution of body weight of Wistar rats treated
for 7 weeks with cyclosporin at doses of 5 and 30
mg/kg/day. The values are means of weight (in
grams)zstandard erros, n=30 for each group. The
variation in relation to the control group (A) after
the same treatment time is also shown.

Treatment time Control Cyclosporin Cyclosporin

5 mglkg/day 30 mg/kg/day
Week 0 350.20£17.39  380.60+15.03  323.00+30.00
Week 7 404.60£17.95%  391.40£9.86  325.00+30.00
A +48.40 +10.80 +2.00

#p<0.05 in relation to time 0.
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doses registaram um aumento da pressdo arte-
rial sistélica, diastélica e média (Tabela 1V).

Tabela 111

Evolucao do peso corporal dos ratos Wistar
tratados com CsA durante 7 semanas nas doses de
5 e 30 mg/Kg/dia. Os valores representam médias
dos pesos (em gramas) + erro padrao - n=30 para
cada um dos grupos. E também indicada a
variacao em relacio ao controlo (A) apos o
mesmo tempo de tratamento.

Tempo de Tratamento Controlo Ciclosporina Ciclosporina

5 mg/Kg/dia 30 mg/Kg/dia
Semana 0 356,20+17.39  380,60£15,03  323,00+30,00
Semana 7 404,00£17,95%  391.,40£9,86  325,00+30,00
A +48,40 +10,80 +2,00

#p<0,05 em relagdio ao tempo 0.

Tabela 1V

Valores de pressao arterial (P) (mmHg) e
frequeéncia cardiaca (bpm), de ratos Wistar, apos
7 semanas de tratamento com 5 e 30 mg/Kg/dia
de ciclosporina. As medi¢oes foram feitas em
ratos nao anestesiados. Os valores representam
médiasterro padrao (n=30)

Controlo Ciclosporina Ciclosporina

5 mg/Kg/dia 30 mg/Kg/dia
P. Sistolica 164+1 189+3* 178+1%#
P. Diastélica 1031 114£2% 112+1%
P. Média 12043 136+4* 134+1%*
Freq. Cardfaca 316+4 320£5 407+6%#

P. Diferencial 61,1107 75,5+0,9% 65,2+2,3%#

#* p<0,05 (ANOVA) em relagdio ao controlo;
# p<0,05 relativamente ao grupo tratado com 5 mg/Kg/dia de CsA.

De realgar também o importante facto de,
para a dose de 30 mg/Kg/dia, se ter verificado
um aumento da frequéncia cardiaca (Tabela
1V). Também a pressdo arterial diferencial se
mostrou aumentada para o grupo de ratos trata-
dos com 5 mg/Kg/dia, podendo sugerir uma
menor distensibilidade arterial.

Da andlise dos registos electrocardiografi-
cos dos trés grupos de animais em estudo pode
observar-se que todas as alteragdes foram de-
pendentes da dose utilizada. Isto é, as mais
significativas foram registadas no grupo de ani-
mais tratados com 30 mg/Kg/dia de CsA. As
altera¢des resumiram-se a aumentos do inter-
valo QT e QTC para os dois grupos com CsA e
ao aumento da amplitude da onda T para o
grupo com a dose mais elevada (Tabela V). De
notar ainda que nos animais tratados com 30
mg/Kg/dia foi registada uma diminui¢éo da
amplitude do complexo RS (hRS), bem como
um supradesnivelamento do segmento ST, que
incluia a onda T (hST). Ao contrédrio do que se

As described in human therapy, and as is
to be expected, treatment with cyclosporin led
to a rapid increase in blood pressure in the
rat, after only 2 weeks’ administration of the
drug. Increases in systolic, diastolic and mean
blood pressure were recorded for both dosages

(Table 1V).

Table IV

Blood pressure (P) (mmHg) and heart rates (bpm)
of Wistar rats after 7 weeks of treatment with 5
and 30 mg/kg/day of cyclosporin. The
measurements were made on non-anesthetized
rats. The values are meanststandard error (n=30)

Control Cyclosporin Cyclosporin

5 mglkg/day 30 mg/kg/day
Systolic P. 164+1 189+3* 178+1%#
Diastolic P. 1031 114+2% 112+1%
Mean P. 120+3 136+4* 134+1%*
Heart rate 3164 320+5 407+6%#

Differential P. 61.1+0.7 75.50.9% 05.2+2.3%#

* p<0.05 (ANOVA) in relation to control;
# p<0.05 relative to the group treated with 5 mg/kg/day of cyclosporin.

It is also significant that, for the 30
mg/kg/day dose, an increase in heart rate was
found (Table 1V). Differential blood pressure
was also seen to increase for the group of rats
treated with 5 mg/kg/day, which may indicate a
reduction in arterial distensibility.

An analysis of the electrocardiographic re-
cords of the three groups of animals under
study shows that all the changes were depen-
dent on the dose used, the most significant
ones being recorded in the group treated with
30 mg/kg/day of cyclosporin. The changes can
be summarized as increases in the QT and
QTec interval for the two groups treated with
cyclosporin and an increase in amplitude of
the T wave for the group receiving the higher
dosage (Table V). It should also be noted that
in the animals treated with 30 mg/kg/day a re-
duction in the amplitude of the RS complex
(hRS) was recorded, as well as ST segment ele-
vation, which included the T wave (hST). In
contrast to what was observed in conscious
animals, there were no changes in heart rate of
anesthesized animals (sodium pento barbital,
30 mg/kg). Furthermore, and only in the group
treated with 30 mg/kg/day, these electrocardio-
graphic alterations were accompanied by rises
in enzyme levels, particularly of SGOT and
CPK (Table VI). However, LDH values remain-
ed normal compared to the control group.
Despite the cardiac alterations described, none
of them led to changes in ventricular mass, as




observou nos animais conscientes, com os ani-
mais sob o efeito de anestesia (pentobarbital
s6dico — 30 mg/Kg) ndo ha qualquer alteragéo
na frequéncia cardiaca. Também, e apenas no
grupo tratado com 30 mg/Kg/dia, estas altera-
¢des electrocardiogréficas foram acompanhadas
por elevagdo enzimética, nomeadamente nos
niveis de SGOT e CPK (Tabela VI). No en-
tanto, os valores de LDH mantiveram-se nor-
mais relativamente ao grupo controlo. Apesar
das alteracdes cardiacas referidas, nenhuma
delas contribuiu para a modificagdo da massa
ventricular, j4 que nfio houve variagdo signifi-
cativa no dos ventriculos.

Tabela V

Parametros electrocardiograficos dos ratos Wistar
tratados com 5 e 30 mg/Kg/dia de CsA durante 7
semanas. Os valores representam médias *+ erro
padrao. Foram avaliados os seguintes parametros:
Frequéncia cardiaca, hRS (amplitude da onda R e
S), €P (amplitude da onda P), PR (dura¢ao entre
o inicio de P até Q ou R), QRS (intervalo QRS),
QT (intervalo do complexo QT), QTc¢ (amplitude
do complexo QT corrigido pela expressao de
Bazett) e hT (amplitude da onda T). Os animais
estavam sob anestesia com pentobarbital.

Controlo Ciclosporina Ciclosporina

(n=8) 5 mg/Kg/dia (n=10)30 mg/Kg/dia (n=8)

Freq.Cardfaca

(bat./min.) 444,0£15,0 400,0£25.3 432,0£12,0
h RS (mV) 0,686+0,075  0,561+0,048  0,500+0,032*
€ P (mseg) 27,5+2,0 26,7+2,2 28,0£2,0
PR (mseg) 55,0+2,9 48,3+3,1 54,0+4,0
QRS (mseg) 20,0 20,0 20,0

QT (mseg) 57.5£2,5 76,7+4,2% 80,0+4,0%4#
QTe (mseg) 1612646 206,1£153%  240,8£10,4%4
hT (mV) 0,142+0,025  0.213+0,030  0,270+0,037*

* p<0,05 (ANOVA) em relagdo ao controlo;
# p<0,05 relativamente ao grupo tratado com 5 mg/Kg/dia de CsA.

Tabela VI

Valores plasmaticos de aspartato aminotransferase
(SGOT), creatina fosfoquinase (CPK) e
desidrogenase lactica (LDH) de ratos Wistar
tratados com 5 e 30 mg/Kg/dia de CsA durante 7
semanas e respectivo grupo controlo. Os valores
representam médiasterros padrao

Controlo Ciclosporina Ciclosporina

(n=8) 5 mg/Kg/dia (n=10) 30 mg/Kg/dia (n=8)

SGOT (U/L) 62,75¢4,67  68,91+12,16 118,29+23,57%#
SGPT (U/L) 26,80+2,13  86,00+21,85 47,50+8,96%#
CPK (U/L) 90,862+28,10  93,41£17,58 183,84+45,92%#
LDH (U) 285,43+94,81  269,93+45,65 234,20+60,60

* p<0,05 em relagdo ao controlo;
# p<0,05 relativamente ao grupo tratado com 5 mg/Kg/dia de CsA.

Tal como foi descrito, os tratamentos com
CsA induzem, para além de HTA, nefrotoxici-

there was no significant variation in the weight
of the ventricular mass.

Table V

Electrocardiographic parameters of Wistar rats
treated for 7 weeks with cyclosporin at doses of 5
and 30 mg/kg/day. The values are meanzstandard
error. The following parameters were assessed:
heart rate, hRS (amplitude of R and S waves) €P
(amplitude of P wave), PR (duration between the
beginning of P until Q or R), QRS (QRS interval),
QT (QT complex interval), QTe¢ (amplitude of the
QT complex corrected by Bazett’s formula), and
hT (amplitude of T wave). The animals were
anesthetized with pentobarbital.

Control Cyclosporin Cyclosporin

(n=8) 5 mglkg/day (n=10) 30 mg/kg/day (n=8)

Heart rate

(bat./min.) 444.0+15.0 400.0£25.3 432.0£12.0
h RS (mV) 0.686£0.075  0.5610.048 0.500+0.032*
€ P (msec) 27.5£2.0 26.7+2.2 28.0£2.0
PR (msec) 55.0+2.9 48.3+3.1 54.0+4.0
QRS (msec) 20.0 20.0 20.0

QT (msec) 57.5£2.5 76.7+4.2% 86.0+4.0%#
QTe (msec) 161.2+4.6 206.1£15.3* 240.8+10.4%#
hT(mV) 0.142+0.025  0.2130.030 0.270+0.037*

* p<0.05 (ANOVA) in relation to control;
# p<0.05 relative to the group treated with 5 mg/kg/day of cyclosporin.

Table VI

Plasma levels of serum glutamic-oxaloacetic
transaminase (SGOT), creatine phosphokinase
(CPK) and lactic dehydrogenase (LDH) in Wistar
rats treated for 7 weeks at doses of 5 and 30
mg/kg/day of cyclosporin and the respective
control group. The values are meanszstandard

error.
Control Cyclosporin Cyclosporin
(0=8) 5 mglkg/day (n=10) 30 mg/kg/day (n=8)
SGOT (U/L) 62.75+¢4.67  68.91+12.16 118.29+23.57+#
SGPT (U/L) 26.80£2.13  86.00+21.85 47.50+8.96%#
CPK (U/L) 90.82+28.10  93.41+17.58 183.64+45.92%#
LDH (U) 285.43+£94.81  269.93+45.65 234.20+60.60

*p<0.05 (ANOVA) in relation to control;
# p<0.05 relative to the group treated with 5 mg/kg/day of cyclosporin.

As has been described, treatment with
cyclosporin induces nephrotoxicity as well as
hypertension. For this reason it has also been
suggested that the development of nephrotoxi-
city may underlie the appearance of hyperten-
sion. It was thus necessary to discover to what
extent renal lesions occur prior to vascular le-
sions, and how they may contribute towards in-
ducing hypertension.

We began by studying the effect of cyclos-
porin on parameters associated with renal
function, such as levels of serum creatinine,
serum Na* and K* ions, and proteinuria. None
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dade. Por isso tem sido igualmente sugerido
que o desenvolvimento de nefrotoxicidade
possa estar subjacente ao aparecimento de
HTA. Tornou-se entdo necessério averiguar até
que ponto as lesdes renais sdo anteriores 2 le-
sdo vascular e qual a sua possivel contribuicéo
para a inducdo de HTA.

Comegou por se estudar a interferéncia da
CsA em pardmetros associados a funcionali-
dade renal como sejam: os niveis de creatinina
sérica, dos i6es Na* e K* no soro, bem como
dos niveis de proteindria. Nenhum dos valores
encontrados diferiu significativamente do
grupo controlo (Tabela VII), o que parece suge-
rir que, nas doses e tempo utilizados, o rim
ndo foi funcionalmente afectado pelo trata-
mento com CsA, pelo menos em relagio aos
parametros medidos. De notar o facto de os va-
lores de creatinina plasmadtica, coincidente-
mente, terem sido iguais em todos os animais
normais, resultando dai uma auséncia de des-
vio padréo.

Tabela VII

Valores séricos de creatinina, Na* e K* e valores
urinarios de proteina em ratos normais (controlo)
e tratados com 5 ou 30 mg/Kg/dia de CsA durante
7 semanas. Os valores representam

médiasterros padrao

Parametros Controlo Ciclosporina Ciclosporina
(n=8) 5 mg/Kg/dia (n=6) 30 mg/Kg/dia (n=6)

Creatinina

(umol/L) 14.20:000  44.20:3.62  51,50+2.74

Nat (mEq/L) 13240449 132,83£1222  131,75:2,926

K+ (mEq/L) 4,92+0,24 5,03£0,32 5,78+0,26

Proteinria

(mg prot./dia) 3,150,19 3,19+0,27 3,20+0,51

DISCUSSAO

Da andlise da janela terapéutica da CsA em
doentes transplantados ', bem como da an4-
lise das curvas de biodisponibilidade 719,
pode concluir-se o seguinte: a concentragdo
méxima do fdrmaco no sangue total é de 1,4 a
2,7 ng/ml e no plasma de 1 ng/ml por cada mg
de CsA administrado. Calculando para um in-
dividuo de 70 Kg de peso, os valores médios
atingidos variam entre 5 x 107 ¢ 1,5 x 10° M,
para uma dose minima de 3 mg/Kg/dia e uma
méxima de 10 mg/Kg/dia. Desta forma, as con-
centragdes irdo situar-se entre os 107 e 10° M.
O facto de os valores sanguineos médios atin-
girem o valor superior de 8,30 x 107 M foi jd
anteriormente descrita por Nashan et al. em
1988 . As doses a aplicar no animal foram

of the values found differed significantly from
the control group (Table VII), which seems to
suggest that, at the doses and timings used, the
kidney was not functionally affected by the
cyclosporin treatment, at least in terms of the
parameters measured. It should be noted that,
by coincidence, the plasma creatinine values
were identical in all the normal animals, resul-
ting in the absence of a standard deviation.

Table VII

Serum levels of creatine, Na* and K* and urine
protein levels in normal rats (control) and those
treated for 7 weeks with 5 or 30 mg/kg/day

of cyclosporin. The values are

meanszstandard error.

Parameters Control Cyclosporin Cyclosporin

(n=8) 5 mg/kg/day (n=6) 30 mg/kg/day (n=6)

Creatinine

(umol/L) 44.20£0.00  44.20+3.62 51.50£2.74
Na+ (mEqg/L) 132.40+4.49 132.83£1.222  131.75+2.926
K+ (mEqg/L) 4.92+0.24 5.03+0.32 5.780.26
Proteinuria

(mg prot./day) 3.15+0.19 3.19+0.27 3.20+0.51
DISCUSSION

From the analysis of the “therapeutic win-
dow” of cyclosporin in transplant patients ', as
well as of the bioavailability curve ™', it can
be concluded that the maximum concentration
of the drug in whole blood is 1.4 to 2.7 ng/ml
and 1 ng/ml in plasma for each mg of cyclos-
porin administered. For an individual weighing
70 kg, the mean values attained vary between
5x107 and 1.5x10° M, for a minimum dose of
3 mg/kg/day and a maximum of 10 mg/kg/day.
Concentrations will therefore range between
107 and 10° M. The fact that mean blood le-
vels may reach a higher value of 8.30x107 M
was reported by Nashan et al. in 1988 ™. The
doses to be used in the animals were chosen
on the basis of human pharmacokinetic curves.
The 5 mg/kg/day dose thus corresponds to
a plasma concentration of 107 M (trough con-
centration — Cmin in humans) and the 30
mg/kg/day dose to an approximate concentra-
tion of 10° M (peak concentration — Cmax in
humans).

The increase in blood pressure associated
with cyclosporin treatment has been described
not only in transplant patients but also in
healthy volunteers ®. At the same time, hyper-
tension has been successfully reproduced in
animal models receiving acute and chronic
treatment with cyclosporin. However, the results




escolhidas tendo como base as curvas farmaco-
cinéticas humanas. Deste modo, a dose de 5
mg/Kg/dia corresponde a uma concentragio
plasmética de 10° M (concentra¢do de vale —
Cmin no homem) e a dose de 30 mg/Kg/dia a
uma concentra¢do aproximada de 10° M (con-
centracdo de pico —Cmax no homem).

O aumento da pressdo arterial associado ao
tratamento com CsA nfo estd descrito apenas
em doentes transplantados mas também em vo-
luntdrios sdos ?”. Por outro lado, a HTA tem
sido reproduzida com sucesso em modelos ani-
mais tratados com CsA de forma aguda ou cré-
nica. No entanto, os resultados obtidos sio in-
consistentes, tendo sido descritos aumento ¢ 2>
2202 diminuic¢do ®© ou mesmo nenhuma alte-
ragdo @230 Tal dever-se-4, muito provavel-
mente, ao facto de que entre os trabalhos refe-
ridos ndo haver homogeneidade ou repeti¢do
das condi¢des experimentais, variando quer a
dose de CsA, o seu veiculo, o tempo de trata-
mento ou a estirpe de ratos, quer até o método
de avaliagdo da pressdo arterial. Em funcéo
disso, também ndo tem sido possivel encontrar
qualquer tipo de correlagdo de causalidade en-
tre as doses e os niveis de pressdo arterial de-
terminados. Nesse dominio, os nossos resulta-
dos estdo de acordo com os encontrados por
Gerkens et al. ®" e Golub et al. ®. Isto é, uma
dose mais baixa (5 mg/Kg/dia) induziu um
aumento dos valores tensionais de magnitude
semelhante a uma dose mais elevada (20
mg/Kg/dia), mas evoluindo mais rapidamente e
sendo evidente um estado de HTA mantida
logo apés a primeira semana de tratamento.

Na literatura disponivel apenas num traba-
lho se encontra referéncia a alteracdes na fre-
quéncia cardfaca durante e apés tratamento
com CsA @), Af se observa que o tratamento
durante 3 semanas com 5, 10 e 20 mg/Kg au-
menta a frequéncia cardiaca do rato. No en-
tanto, foi com a dose de 20 mg/Kg que se veri-
ficou o aumento mais acentuado, o que estd de
acordo com os resultados por nés encontrados.
Mesmo em relagdo ao comportamento da pres-
sfo arterial, nos dois trabalhos que apresentam
algum paralelismo com os nossos resultados a
dose de 20 mg/Kg leva a resultados equivalen-
tes aos por nés encontrados para a dose de 30
mg/Kg.

O nosso trabalho revelou um diferente com-
portamento das duas doses de CsA testadas,
em relagdo aos valores de pressdo arterial.
Apesar de ambas induzirem HTA, parece ser
por diferentes motivos. Assim, para a dose de

obtained are inconsistent, showing increases ®"
2225 reduction ® or even no change *%-2*- %),
This is most probably due to the lack of ho-
mogeneity or replication of experimental con-
ditions between the studies, with variations in
the dose of cyclosporin, the vehicle used, treat-
ment time and the strain of rat, and even the
method of measuring blood pressure. As a re-
sult, it was also not possible to find any causal
correlation between dosages and the blood
pressure levels determined. In this context, our
results are in accordance with those of Ger-
kens et al. ®» and Golub et al. ®: a lower dose
(5 mg/kg/day) induced an increase in blood
pressure of a similar magnitude to a higher
dose (20 mg/kg/day), but with a more rapid de-
velopment and with a state of sustained hyper-
tension being evident after the first week of
treatment.

There is only one work in the literature that
refers to changes in heart rate during and after
treatment with cyclosporin V. In this, it is ob-
served that 3 weeks of treatment with 5, 10
and 20 mg/kg increases heart rate in the rat.
However, it was with the 20 mg/kg dose that
the largest increase was found, which is in ac-
cordance with our results. Even with regard to
blood pressure, in the two works that show
some similarity to our results, the 20 mg/kg
dose leads to comparable results to those we
found with the 30 mg/kg dose.

Our study showed different behavior in
blood pressure values for the two doses of
cyclosporin tested. Although both induced
hypertension, the reasons for this would appear
to be different. For the 5 mg/kg/day dose, the
three parameters (systolic, diastolic and mean
blood pressure) rise, although systolic pressure
shows a more marked increase. The fact that
heart rate does not vary may suggest that the
hypertension is the consequence of an increase
in systolic volume, in peripheral vascular re-
sistance, or in both. The rise in the second pa-
rameter is strengthened by increased differen-
tial blood pressure, which also suggests an
increase in arterial resistance. With the higher
dose of cyclosporin (30 mg/kg/day), the rise in
blood pressure may also be a result of increas-
ed heart rate, with or without increased peri-
pheral vascular resistance. The rise in heart
rate may be associated with cardiac hyperacti-
vity, with or without the presence of tissue
(and/or vascular) lesions in the heart. As this
hyperactivity develops, such lesions or other
abnormalities will arise, and this is why in the
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5 mg/Kg/dia os trés pardmetros (pressdo sist6-
lica, diastélica e média) estdo aumentados, em-
bora a pressdo sistélica registe uma alteracdo
mais evidente. Como ndo varia a frequéncia
cardiaca pode sugerir-se que a hipertenséo
serd consequéncia do aumento do volume sis-
télico, da resisténcia vascular periférica ou de
ambos. O aumento deste ultimo pardmetro é
reforgado pelo aumento da pressdo diferencial,
sugerindo também um aumento da resisténcia
arterial. No que se refere a dose mais elevada
de CsA (30 mg/Kg/dia), o aumento da pressdo
arterial poderd ter também como causa o au-
mento da frequéncia cardiaca, podendo haver,
ou ndo, alteragio da resisténcia vascular peri-
férica. O aumento da frequéncia cardiaca pode
estar associado a uma hiperactividade cardia-
ca, podendo ou ndo ja haver lesdes tecidula-
res (e/ou vasculares) do coragdo. Na sua evolu-
cdio, tais lesdes ou altera¢des surgirdo e, assim,
é que, a longo prazo, o enfarte do miocérdio é
uma das principais causas de morte dos trans-
plantados cardiacos. No modelo experimental
aqui utilizado, os animais tratados com 30
mg/Kg/dia apresentaram uma avaliagdo cardia-
ca com perfil de cardiopatia isquémica, diag-
nosticada por avaliacdo electrocardiografica e
enzimética. Mas, mais do que uma ac¢do di-
recta do fdrmaco sobre o tecido cardiaco, os
resultados obtidos poderdo ser uma consequén-
cia de um aumento da estimulacdo cardiaca
pelo aumento das catecolaminas circulantes,
também comprovado anteriormente no nosso
modelo experimental ®V. Como consequéncia de
tal aumento, hd de imediato uma captacdo de
catecolaminas e estimulacdo do tecido car-
dfaco " podendo conduzir a um estado de lesdo
por morte celular e/ou aumento da prolifera-
¢do. O facto de se ndo ter verificado hipertrofia
ventricular esquerda pode sugerir que no te-
cido cardfaco as catecolaminas foram sobre-
tudo responsdveis por inducéo de necrose (ou
outro tipo de morte celular), tal como parece
traduzir o aumento das respectivas enzimas
SGOT e CPK.

Associado ao aumento da pressdo arterial
ndo houve aumento do peso corporal dos ani-
mais tratados com CsA ao contrario do que
aconteceu com o grupo controlo. Também, Ste-
phan et al. ® em ratos tratados com 50
mg/Kg/dia de CsA ndo verificaram qualquer
alteracdo no peso corporal, embora também
ndo tenham registado varia¢es da pressdo ar-
terial. Todavia, o menor peso corporal foi ante-
riormente reconhecido como um efeito secun-

long term myocardial infarction is one of the
principal causes of death in heart transplant
patients. In the experimental model used here,
the animals treated with 30 mg/kg/day showed
an ischemic heart disease profile, diagnosed by
electrocardiography and enzyme levels. How-
ever, rather than the direct effect of the drug
on the cardiac tissue, the results obtained may
be a consequence of an increase in cardiac sti-
mulation through a rise in circulating catecho-
lamines, as previously demonstrated in our ex-
perimental model ®". As a consequence of this
rise, there is an immediate uptake of catecho-
lamines and stimulation of cardiac tissue "?,
which may lead to a state leading to cell death
and/or increase in proliferation. The absence
of left ventricular hypertrophy may suggest that
the catecholamines were mainly responsible
for causing necrosis (or other types of cell
death) in the cardiac tissue, as the increases in
the enzymes SGOT and CPK would seem to in-
dicate.

Besides the increase in blood pressure,
there was no increase in body weight in the
animals treated with cyclosporin, in contrast to
the control group. Stephan et al. ®, in rats treat-
ed with 50 mg/kg/day of cyclosporin, also
found no change in body weight, although they
found no changes in blood pressure either. How-
ever, lower body weight had already been ack-
nowledged as a side-effect of cyclosporin in
humans as well as in animals ® %% The rea-
son behind this fall in body weight could be a
reduction in the quantity of food ingested, me-
tabolic changes as a direct effect of the drug®,
or even atrophy of muscle mass. Reduction
in food ingested (not controlled in our study)
could not have been the cause, since chronic
partial deprivation of food has been shown to
be a factor in reducing blood pressure ®¥. Ne-
vertheless, the possibility cannot be excluded
that the drug may interfere with the intestinal
absorption of certain nutrients that help to re-
gulate blood pressure, such as magnesium and
calcium ®. However, no changes in the plasma
levels of these ions have been described in any
of the studies consulted in the literature. In
our opinion, one of the most plausible explana-
tions is atrophy of skeletal muscle caused by
cyclosporin. In our experiments this effect was
in fact macroscopically visible in both groups,
although it was greater in the animals treated
with 30 mg/kg/day of cyclosporin. Even the
changes in SGOT and SGPT may be related to
such muscular atrophy, since they are also
found in large quantities in skeletal muscle.




dério da administracdo de CsA tanto em huma-
nos como em animais ®*2%_ Na base deste
decréscimo de peso corporal poderia estar uma
diminui¢do na quantidade de comida ingerida,
alteragdes metabélicas induzidas por efeito di-
recto do farmaco ® ou ainda atrofia da massa
muscular. A redu¢do da quantidade de comida
ingerida (nfo controlada no nosso estudo) nao
terd sido a causa, uma vez que a privagdo par-
cial crénica de alimentos foi referida como um
factor para a redugo da pressao arterial ®¥. To-
davia, ndo se poderd excluir o facto de o far-
maco poder interferir na absor¢do intestinal de
alguns nutrientes com efeitos reguladores da
pressdo arterial como, por exemplo, 0 magnésio
e o célcio®. No entanto, as alteragdes plasma-
ticas destes ides ndo tém sido referidas em ne-
nhum dos estudos animais consultados na lite-
ratura. Na nossa opinido, uma das explicagdes
mais plausiveis serd a atrofia da musculatura
esquelética causada pela CsA. Na realidade,
nas nossas experiéncias este efeito foi macros-
copicamente visivel nos dois grupos, embora
mais acentuada nos animais tratados com 30
mg/Kg/dia de CsA. As préprias alteracgoes de
SGOT e SGPT, poderao ter alguma relagdo com
tal atrofia muscular, uma vez que também no
musculo esquelético se encontram em grande
quantidade.

A indugéo de hiperlipidemia foi jd associada
ao tratamento com CsA por Andrade et al.®.
Mais ainda, as lipoproteinas sdo um dos pontos
de liga¢do e transporte da CsA no sangue, ape-
sar de ndo ter sido encontrada correlacio entre
os niveis de lipideos séricos e a actividade
imunossupressora deste farmaco . No pre-
sente trabalho apenas se encontraram aumen-
tos do colesterol total e HDL nos ratos tratados
com 5 mg/Kg/dia, grupo em que o peso corpo-
ral néo evoluiu paralelamente com o controlo
ao longo do tratamento, resultando numa perda
de peso como foi discutido anteriormente neste
texto. Tais aumentos, porém, embora estatisti-
camente significativos em relagdo aos contro-
los, ndo ultrapassaram os chamados valores de
normalidade. Mesmo asssim, poderfo traduzir
algum efeito téxico directo da CsA a nivel he-
pético ®”, com consequente disfun¢éo deste 6r-
gdo ¥, o que entdo estaria de acordo com alte-
ra¢des encontradas para os valores das
transaminases: as SGOT significativamente
elevadas para os animais tratados com 30
mg/Kg/dia, as SGPT elevadas para as duas do-
ses. Curiosamente, os ratos tratados com 5
mg/Kg/dia sdo os que apresentam os valores de

Treatment with cyclosporin has been asso-
ciated with hyperlipidemia by Andrade et al. ®.
Moreover, lipoproteins are one of the bind-
ing and transport points for cyclosporin in the
blood, although no correlation has been found
between serum lipid levels and the drug’s im-
munosuppressive activity ®”. In the present
study, increases in total cholesterol and in
HDL were found only in rats treated with 5
mg/kg/day, the group in which body weight did
not develop in parallel with the control group
throughout the treatment, resulting in a rela-
tive loss of weight, as discussed above. How-
ever, these increases, although statistically sig-
nificant in comparison with the controls, did
not exceed what are considered normal values.
Even so, they may be the result of some direct
toxic effect of cyclosporin on the liver ®7, with
consequent liver dysfunction ¥, which would
be in accordance with the changes found in
the values of transaminases: SGOT signifi-
cantly elevated in the animals treated with 30
mg/kg/day, and SGPT elevated for both doses.
Curiously, the rats treated with 5 mg/kg/day
present the highest values of SGPT, and this
only fails to reach statistical significance due
to the high degree of inter-individual variabi-
lity. Changes in lipid levels may also be asso-
ciated with changes in lipoprotein lipase
(LPL), as found by Lopez-Miranda et al.®® and
Espino et al. ®. The latter demonstrated a cor-
relation between reduction in LPL activity and
increases in cholesterol induced by cyclos-
porin. In contrast to these authors’ results, in
which the changes described were associated
with a reduction in HDL levels, in our study
they rose.

Induction of hypertension by cyclosporin
has often been explained as a consequence of
renal changes, as this drug induces nephrotoxi-
city @, In the present study, however, the bio-
chemical parameters measured (urine protein
and serum creatinine, sodium and potassium)
were normal, suggesting that renal function
had not been visibly altered. We cannot ex-
clude the possibility that the lesions found
might go on to develop into renal failure. Ne-
vertheless, with this treatment time and this
renal profile, the cardiovascular system shows
anatomical lesions and functional abnormali-
ties of great significance, and which, as far as
we can tell, overshadow the slight renal chan-
ges encountered. That is to say, in the experi-
mental model under discussion, the cardiovas-
cular abnormalities induced by cyclosporin
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SGPT mais elevados, devendo-se a falta de
significado estatistico apenas a grande variabi-
lidade interindividual. As alteragdes lipidicas
poderiam também estar associadas a altera¢tes
da lipoproteina lipase (LPL), tal como foi en-
contrado por Lopez-Miranda et al ®® e Espino
et al. ®. Estes dltimos demonstraram uma cor-
relagdo entre a diminui¢do da actividade da
LPL e os aumentos do colesterol induzidos
pela CsA. Contrariamente aos resultados des-
tes autores, em que associado as alteragdes
descritas havia uma diminuicdo dos niveis de
HDL, no nosso trabalho estas aumentam.

A indugdo de HTA pela CsA foi muitas ve-
zes apontada como consequéncia de altera¢des
renais, uma vez que este farmaco imunossu-
pressor induz toxicidade renal ». No presente
estudo, porém, os valores bioquimicos analisa-
dos (protefna urindria e creatinina, sédio e po-
tdssio séricos) apresentaram-se normais, suge-
rindo uma funcéo renal ainda sem alteracgoes
visiveis. Ndo podemos excluir o facto das le-
sdes encontradas poderem posteriormente evo-
luir para uma situacdo de insuficiéncia renal.
Porém, com este tempo de tratamento e com
este perfil renal o sistema cardiovascular apre-
senta lesdes anatémicas e alteracdes funcionais
com grande significado, e ao que tudo indica,
se sobrepde as ligeiras alteragdes renais en-
contradas. Isto é, no modelo experimental aqui
considerado, as alteracdes cardiovasculares in-
duzidas pela CsA foram anteriores as altera-
¢des renais que eventualmente se viriam a es-
tabelecer se a experiéncia se prolongasse.

Como ultima conclusfo, poderd ainda dizer-
se que o rato Wistar, tratado com doses equi-
valentes as que condicionam os padrdes nor-
mais na farmacocinética humana, parece ser
um bom modelo experimental para o estudo
das alteragdes induzidas pela ciclosporina, no-
meadamente as ocorridas a nivel cardiovascu-
lar. Consequentemente, um bom modelo para
estudar farmacos que previnam e/ou corrijam
tais alteragdes.
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As a final conclusion, it may also be said
that the Wistar rat, treated with doses equiva-
lent to those considered normal in human
pharmacokinetics, appears to be a good experi-
mental model for the study of changes induced
by cyclosporin, particularly those occurring at
the cardiovascular level, and thus is a good
model to study drugs intended to prevent
and/or correct such changes.
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