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RESUMO

EFEITO DO pH DA AGUA NA GENESE DE LESOES CARDIOVASCULARES POR
INTOXICAGAO POR CADMIO EM RATOS WISTAR

O cadmio é um metal pesado e dos mais abundantes elementos ndo essenciais
encontrados no ambiente, sendo muito utilizado na industria. Existem evidéncias que
apontam no sentido do cadmio poder provocar efeitos deletérios cardiovasculares.
Objetivo: O objetivo deste estudo foi avaliar o efeito do pH da agua de beber na
génese de lesdes cardiovasculares provocadas pela intoxicacdo por cadmio.
Material e métodos: Para este estudo, foram utilizados 90 ratos Wistar, machos. Os
animais foram distribuidos em 6 grupos (n=15): A — solucdo de cloreto de cadmio
(400mg/L) na agua de beber com pH neutro (pH 7,0); B — solucédo de cloreto de
cadmio (400mg/L) na &gua de beber com pH &cido (pH 5,0); C — solugéo de cloreto
de cadmio (400mg/L) na agua com pH basico (pH 8,0). D — agua de beber com pH
acido (pH 5,0); E — agua de beber com pH basico (pH 8,0); F — agua com pH neutro
(pH 7,0). Animais de todos os grupos foram sacrificados apds 6 meses. Foi coletado
0 coracdo e a aorta de cada rato para analise microscopica. Resultados: N&o foram
observadas alteracées microscopicas no coracdo. Na aorta, se observou estrias de
gordura na maioria dos animais dos grupos A (50%) e B (46%) e na minoria dos
animais dos grupos C (15,3%), D (0%), E (7,7%) e F (13,3%) (p<0,05). Concluséao:
O cadmio provocou o aparecimento de estrias de gordura na aorta dos animais
expostos e a exposicdo deste metal em pH basico diminuiu a formacdo desta
alteracéo.

Palavras-chave: cadmio, pH, coracgéo.



ABSTRACT

EFFECT OF Ph OF WATER IN THE GENESIS OF CARDIOVASCULAR INJURY IN
CADMIUM POISONING IN WISTAR RATS

Cadmium is a heavy metal and the most abundant non-essential elements found in
the environment, being widely used in the industry. There is evidence that cadmium
can cause cardiovascular injury. Objective: The purpose of our study was to
investigate the effect of water pH in the genesis of cardiovascular injury caused by
cadmium poisoning. Methods: For this study, 90 male Wistar rats were used. The
animals were divided into 6 groups (n=15): A - cadmium chloride (CdCI2 — 400 mg /
L) in drinking water at a neutral pH of 7.0; B - CdCI2 (400 mg / L) in drinking water at
an acidic pH of 5.0; C - CdCI2 (400 mg / L) in drinking water at a basic pH of 8.0; D -
water at an acidic pH of 5.0; E - water at a basic pH of 8.0; F - water with a neutral
pH (pH 7.0). Animals in all groups were sacrificed after 6 months. We collected the
heart and aorta of each rat for microscopic analysis. Results: No microscopic
changes were observed in the heart. In aortic, there were fatty streaks in most
animals of group A (50%) and B (46%) and in a minority of animals of group C
(15.3%), D (0%), and (7%) and C (13.3%) (p <0.05). Conclusion: Cadmium caused
the development of fatty streaks in the aorta of animals exposed and exposure of this
metal in basic pH decreased the formation of this lesion.

Keywords: cadmium, pH, heart.
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RESUMO

O cédmio é um metal pesado e dos mais abundantes elementos ndo essenciais
encontrados no ambiente, sendo muito utilizado na industria. Existem evidéncias que
apontam no sentido do cadmio poder provocar efeitos deletérios cardiovasculares. Objetivo:
O objetivo deste estudo foi avaliar o efeito do pH da agua de beber na génese de lesdes
cardiovasculares provocadas pela intoxicacdo por cadmio. Material e métodos: Para este
estudo, foram utilizados 90 ratos Wistar, machos. Os animais foram distribuidos em 6
grupos (n=15): A — solucdo de cloreto de cadmio (400mg/L) na a4gua de beber com pH
neutro (pH 7,0); B — solucdo de cloreto de cadmio (400mg/L) na agua de beber com pH
acido (pH 5,0); C — solucado de cloreto de cadmio (400mg/L) na dgua com pH basico (pH
8,0). D — 4gua de beber com pH éacido (pH 5,0); E — agua de beber com pH basico (pH 8,0);
F — dgua com pH neutro (pH 7,0). Animais de todos os grupos foram sacrificados apés 6
meses. Foi coletado o coracdo e a aorta de cada rato para analise microscopica.
Resultados: N&o foram observadas alteracdes microscopicas no coracdo. Na aorta, se
observou estrias de gordura na maioria dos animais dos grupos A (50%) e B (46%) e na
minoria dos animais dos grupos C (15,3%), D (0%), E (7,7%) e F (13,3%) (p<0,05).
Concluséao: O cadmio provocou o aparecimento de estrias de gordura na aorta dos animais

expostos e a exposicao deste metal em pH basico diminuiu a formagéo desta alteracao.

Palavras-chave: cadmio, acidificacdo, coracao, aorta, aterosclerose.
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ABSTRACT

Cadmium is a heavy metal and the most abundant non-essential elements found in the
environment, being widely used in the industry. There is evidence that cadmium can cause
cardiovascular injury. Objective: The purpose of our study was to investigate the effect of
water pH in the genesis of cardiovascular injury caused by cadmium poisoning. Methods:
For this study, 90 male Wistar rats were used. The animals were divided into 6 groups
(n=15): A - cadmium chloride (CdCI2 — 400 mg / L) in drinking water at a neutral pH of 7.0; B
- CdCI2 (400 mg / L) in drinking water at an acidic pH of 5.0; C - CdCI2 (400 mg / L) in
drinking water at a basic pH of 8.0; D - water at an acidic pH of 5.0; E - water at a basic pH of
8.0; F - water with a neutral pH (pH 7.0). Animals in all groups were sacrificed after 6
months. We collected the heart and aorta of each rat for microscopic analysis. Results: No
microscopic changes were observed in the heart. In aortic, there were fatty streaks in most
animals of group A (50%) and B (46%) and in a minority of animals of group C (15.3%), D
(0%), and (7%) and C (13.3%) (p <0.05). Conclusion: Cadmium caused the development of
fatty streaks in the aorta of animals exposed and exposure of this metal in basic pH

decreased the formation of this lesion.

Key words: cadmium, acidification, heart, aorta, atherosclerosis.



13

INTRODUCAO

Fumos, poeiras e restos das fundicdes de minério, incineracdo de produtos
constituidos por cadmio, queima de combustiveis fésseis, fertilizantes e as respectivas
lamas agricolas, o tabaco, as aguas de residuos municipais e descargas de esgotos sdo
fontes importantes de cadmio (Cd) [1,5], além de vegetais, peixes, moluscos e crustaceos
[1,5] e produtos odontologicos como ligas de prata (utilizadas na ortodontia) e alginato [8], o
gque pode levar a contaminacdo humana, resultando em doengas associadas a intoxicacao
por este metal pesado.

O Painel Cientifico dos Contaminantes da Cadeia Alimentar (painel CONTAM) notou
gue a ingestdo média de cadmio nos paises europeus esta préxima ou discretamente
ultrapassando o limite de 2,5 pg/kg de peso corporal [2]. Além disso, notou-se que
subgrupos da populacdo, como 0s vegetarianos, mulheres em fase reprodutiva da vida,
fumantes e pessoas que vivem em areas altamente contaminadas podem exceder a
ingestao semanal toleravel em até duas vezes [15].

Embora a influéncia do cadmio no sistema cardiovascular ainda seja controversa
[15], ha fortes evidéncias que o cadmio mesmo em baixas concentracfes de exposicao,
ainda € uma causa importante de morte em geral e por doengas cardiovasculares [17].

Alguns estudos mostram hipertenséo arterial sistémica em pacientes expostos ao
cadmio [15]. Os efeitos cardiacos do cadmio podem ser sobre a estrutura e integridade do
tecido e sobre a conducdo cardiaca [9]. Em um estudo com ratos utilizando 100ppm de
caddmio na agua, observou-se hipertrofia e fusdo dos cardiomidcitos e focos de necrose de
fibras cardiacas, além de dano microestrutural severo [4].

O status de fumante em seres humanos esta correlacionado com a concentracéo de
cddmio nas trés camadas arteriais. Estudos mostram alta concentracdo de cadmio na
camada média quando comparado com o soro, mostrando que a parede vascular também é
um 6rgao alvo para o depésito de cadmio [9].

Um dos principais fatores que afeta a disponibilidade dos metais pesados as plantas
€ o pH do solo, o qual apresenta, em geral, relagdo inversa com a disponibilidade desses
elementos [3]. O estudo de Nai et al. [13] mostrou que o pH &cido aumentou a formagéo de
lesdes pré-neoplasicas na prostata de animais expostos ao cadmio. Porem, ndo ha estudos
na literatura avaliando a influéncia do pH da agua de beber na toxicidade cardiovascular do
cadmio.

Além da exposicdo ocupacional, o cadmio € um metal que contamina diversos
alimentos, e desta forma pode contaminar também os seres humanos [5]. O risco de
intoxicacdo em pacientes contaminados por este metal é alto [5]. Portanto, a necessidade de
maneiras alternativas e simples de se evitar as consequencias da intoxicacdo provocada por

este elemento € importante.



14

Assim, o objetivo deste estudo foi avaliar o efeito do pH da &gua de beber na génese

de les@es cardiovasculares provocadas pela intoxicagdo por cadmio.

MATERIAL E METODOS
Protocolo animal

Este estudo foi aprovado pela Comissdo de Etica no Uso de Animais da
Universidade do Oeste Paulista (CEUA — UNOESTE) (Protocolo n° 2010).

Para este estudo, foram utilizados 90 ratos Wistar (Ratus Norvegicus albinus),
adultos, machos, com peso entre 200 a 250g. Os ratos foram separados e agrupados em
namero de trés em caixas grandes retangulares, medindo 49x34x16cm, preconizadas para
alojamento de cinco ratos adultos. Os ratos foram mantidos em biotério climatizado em
umidade (50+15%) e temperatura (25+2°C) e com fotoperiodo normal (12 horas de claro e
escuro) controlados.

A exposicdo ao cadmio foi feita com cloreto de cadmio (CdCl, - Sigma Chemical
Company, St. Louis, MO, USA), com as seguintes especificacfes: hidrato minimo de 98%,
conteudo de agua de aproximadamente 2,5 mole/mole. A solucéo de cloreto cadmio foi dada
aos animais na agua de beber, todos os dias durante 6 meses, dissolvido na concentracéo
de 400mg/L (alterado [12]). A &gua foi acidificada com &cido cloridrico e alcalinizada com
hidroxido de sodio. A troca da agua do bebedouro foi realizada trés vezes por semana, para
evitar alteracdo do pH. As solugbes residuais de agua com cadmio foram encaminhadas
para central de residuos da Universidade do Oeste Paulista (UNOESTE) e neutralizadas
para posterior descarte. A agua residual nos bebedouros foi medida a cada troca de
solucdo, para se saber a ingestdo média de cada animal.

Os animais foram distribuidos em 6 grupos (n=15): A — solucao de cloreto de cadmio
(400mg/L) na agua de beber com pH neutro (pH 7,0); B — solucéo de cloreto de cadmio
(400mg/L) na agua de beber com pH é&cido (pH 5,0); C — solucdo de cloreto de cadmio
(400mg/L) na agua com pH bésico (pH 8,0). D — 4gua de beber com pH acido (pH 5,0); E —
agua de beber com pH bésico (pH 8,0); F — agua com pH neutro (pH 7,0). Animais de todos
0S grupos receberam agua e racao ad libitum.

Os ratos de todos os grupos foram sacrificados 6 meses apds 0 inicio do
experimento. A eutanasia foi realizada com Pentobarbital sédico (Syntec, EUA), na dose de
100 mg/Kg administrado na cavidade peritoneal [16]. A necropsia foi realizada e foram

retirados o coracao e a aorta de cada rato para analise microscopica.
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Andlise anatomopatolégica

O coragéo e a aorta foram fixados em formol a 10% (Cinética Inddstria Quimica, Sao
Paulo, Brasil) durante 24 horas e submetidos a processamento histolégico habitual, com
inclusdo em parafina (Dindmica Reagentes Analiticos, Sdo Paulo, Brasil) de metade do
coracado apoOs corte longitudinal e de cinco fragmentos da aorta apos corte transversal.
Cortes de 5u foram obtidos e corados pelo método de hematoxilina-eosina (HE) (Dolles, Sdo
Paulo, Brasil). Os cortes histol6gicos da aorta também foram corados com Verhoeff-van
Gienson (VVG) para melhor identificacao da lamina elastica (Merck, Darmstadt, Alemanha).

A anadlise histopatolégica foi cega e realizada por um Unico observador experiente
(GAN), utilizando-se microscépio 6ptico comum (NIKON Labophot, Japao) e avaliaram-se os
seguintes parametros, com seus respectivos escores: 1. Coracdo: infiltrado inflamatério
intersticial (O=ausente, l=leve, 2= =moderado, 3=intenso) e tipo de célula inflamatéria
presente (polimorfonucleares e/ou monucleares); congestédo tecidual: (O=ausente, 1l=leve,
2=moderado, 3= intenso); alteracbes nas fibras musculares (atrofia, necrose, hipertrofia,
esclerose - O=ausente, l=presente); alteracbes vasculares (arterioloesclerose e
aterosclerose - O=ausente, 1l=focal, 2=difusa) e lesGes neoplasicas benignas e lesbes
neoplasicas malignas (O=ausente, 1=presente); 2. Aorta: aterosclerose (graduada em:

O=ausente, 1=estrias de gordura, 2=leve, 3=moderada, e 4=grave).

Analise estatistica
Foi realizado o teste Likelihood Ratio (LR) e para se fazer as comparagdes 2 X 2,
utilizou-se a corregcdo de Holm-Sidak para controlar a taxa de erro grupal (a= 5%). Adotou-

se o nivel de significancia de 5%.

RESULTADOS

Cinco animais morreram ao longo do estudo (um do grupo A, um do grupo C, um do
grupo D e dois do grupo E). A causa de morte dos animais do grupo A e C foi edema agudo
pulmonar, complicagdo esta associada a exposi¢cao ao cadmio [5]. Nos animais do grupo D
e E, nao foi possivel se estabelecer a causa mortis apds a necropsia.

A ingestdo média de agua por animal por dia no Grupo A foi de 55ml, no Grupo B de
57ml, no Grupo C de 52ml, no Grupo D de 60ml, no grupo E de 70ml e no Grupo F de 73ml,
sem diferenca estatisticamente significante entre os grupos (p>0,05).
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Coracéo

Ndo foram observados infiltrado inflamatério intersticial, congestdo tecidual,
alteracdes nas fibras musculares (atrofia, necrose, hipertrofia, esclerose), alteractes
vasculares (arterioloesclerose e aterosclerose) nem presenca lesdes neoplasicas benignas

e malignas no coracdo em nenhum dos grupos avaliados (Figura 1).

Figura 1 - Fotomicroscopia do coracdo de animal do grupo A sem alteracdes (Hematoxilina-

eosina, A - aumento de 100x, B - aumento de 400x).

Aorta

A alteracdo encontrada na aorta dos animais foi estria de gordura (Figura 2), ndo
sendo observada placa de ateroma. A incidéncia de estrias de gordura nos animais dos
grupos A e B diferiu significantemente dos animais dos grupos C, D, E e F (p<0,05) (Tabela
1).
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Figura 2 - Fotomicroscopia da aorta de animal do grupo B mostrando elevagéo do endotélio

pela presenca de macrofagos xantomatosos na camada intima (estrias de gordura). As
setas indicam a transigéo entre o endotélio normal (a direita) e o alterado (& esquerda) (A, B
e C - Hematoxilina-eosina, aumento de 40x, 100x e 400x, respectivamente; D — Verhoeff-
van Gienson - VVG, aumento de 100x).

Tabela 1 — Frequéncia de estrias de gordura na aorta dos animais, segundo o grupo de
estudo (n=84).

Grupos Estrias de colesterol

7/14 (50%)?
7/15 (46,6%0)%
2/13 (15,3%)°
0/14 (0%)°
1/13 (7,7%)"
2/15 (13,3%)"
*Resultados com diferentes sobrescritos diferem significativamente (p<0.05).

mTmMmoOO®@>
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DISCUSSAO

As principais vias de contaminag¢édo por cadmio para o ser humano séo a inalatéria e
por ingestdo. Segundo a Organizacdo Mundial de Saude, a ingestdo diaria maxima de
cadmio deve ser de 1 pg/kg de massa corporal [18]. Neste estudo, os animais foram
expostos a 400mg de cadmio / litro de agua ingerida, um valor bem acima da ingestéo diéria
permitida, simulando situa¢gdes de contaminacdo ambiental em larga escala.

Nado ha uma concordancia na literatura sobre o tratamento da intoxicacdo por
cadmio. Estudos anteriores, in vitro, indicam efeito protetor do zinco (Zn) sobre o dano
cardiovascular provocado pelo cadmio [6,10]. Assim, o objetivo deste estudo foi avaliar se o
pH da agua teria efeito sobre a toxicidade cardiovascular do cadmio.

A aterosclerose é a base da maioria das doencas cardiovasculares, e tem inicio nas
fases precoces da vida. As alteracdes da parede arterial podem comecar na infancia e
progredirem lentamente por décadas [9]. O estudo de Navas-Acien et al. [14] mostrou que a
razdo de chance de doenca arterial periférica era de 2,82 para a maior concentracao de
cadmio sanguinea (6.23 nmol/l ou 0.70 pg/l) quando comparada com as menores dosagens
(3.56 nmol/l ou 0.40 pg/l). O cadmio vem sendo considerado um fator de risco para o
desenvolvimento de aterosclerose [7,11]. As células endoteliais absorvem o cadmio e
permitem o transporte deste para o espago subendotelial. O cadmio é absorvido pelas
células musculares lisas, iniciando a proliferacdo destas células, levando ao espessamento
da camada media da parede do vaso. O cadmio interrompe as ligacdes intercelulares
endoteliais, assim, facilita a sua difusdo e permite que os lipideos e as células do sistema
imunolégico tenham acesso a camada intima. O acumulo das células musculares lisas na
intima, invasdo da intima por macréfagos, morte das células endoteliais, de células
musculares lisas e de células espumosas, promove a inflamacgéo, iniciando um grave
processo de remodelacéo tecidual, incluindo depédsito de matriz extracelular e lagos de
lipideos livres. Assim, 0 processo aterosclerético, com formagéo da placa e a progresséo da
doenca, € iniciado [9]. Neste estudo, observou-se maior incidéncia de formacgéo de estrias
de gordura (leséo inicial da aterosclerose) nos animais expostos ao caddmio em agua com
pH neutro e acido e aqueles que foram expostos a este metal pesado em agua com pH
bésico apresentaram incidéncia desta lesdo semelhante aos grupos ndo expostos. Estes
dados mostram que o pH basico confere certa protecédo a formagéo de estrias de gordura na
exposi¢cao ao cddmio. Assim, o uso de agua com pH basico deve ser preferido por pessoas
expostas ao cadmio. O aparecimento de estrias de gordura em alguns animais dos demais
grupos ndo expostos ao cadmio pode ser devido a idade avancada dos animais.

A patofisiologia dos efeitos do cadmio sobre a estrutura e integridade do tecido
cardiaco ainda ndo esta bem estabelecida. Os possiveis mecanismos sao: dano oxidativo,

reducéo do fluxo coronario, inibicdo da transferéncia elétrica entre cardiomidocitos e interacéo
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direta do cddmio com troponina e mioglobina [9]. Os efeitos sobre o sistema de conduc¢éo
cardiaco sédo baseados em interacdes do caAdmio com sistemas de contragéo e estimulacéo
[9].

Os pulmdes absorvem de 10 a 40% do cadmio inalado, enquanto que o cadmio
ingerido através dos alimentos e da agua € pouco absorvido pelo trato gastrointestinal (5-
7%), sendo a maior parte eliminada pelas fezes [1]. Este fato pode justificar a auséncia de
lesbes cardiacas nos animais expostos ao cadmio neste estudo, sugerindo que a exposi¢ao
ao cadmio via ingestdo ndo leva a lesbes cardiacas a microscopia Optica. Porém, isto ndo
descarta a possibilidade de ocorréncia de lesdes funcionais, associadas a conducéao elétrica
cardiaca, ou de lesdes microestruturais, que s6 podem ser observadas a microscopia
eletronica.

Estudos que avaliem a funcdo elétrica e a microestrutura cardiaca poderdo trazer

mais substrato para compreensao do efeito do pH sobre a toxicidade cardiaca do cadmio.

CONCLUSAO
O pH basico da agua parece proteger da formacao de aterosclerose nos animais

expostos ao cadmio.
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Abstract The purpose of our study was to mvestigate the
effect of water pH in the genesis of cardiovascular mjury
caused by cadmivm poisoning. For this study, 90 male Wistar
rats wers used, divided mio six groups: A, 15 rats that reeeived
400 mg/1 cadmivm chloride (CdClz) in dnnking water at a
neutral pH of 7.0; B, 15 rats that received CdCl, (400 mgT)
in drinking water at an acidic pH of 5.0; C, 15 mts that re-
cevid CACL: (400 mgT) in drinking water at 2 hasic pH of
B.0; D, 15 mats that received water at an agdic pH of 5.0 E, 15
rats that recsived water at a basic pH of B.0; and F, 15 rats that
recaved water at a nautral pH of 7.0. All ammals were eutha-
nized after 6 months, We collected the heart and aorta from
each rat for microscopic analysis. No micmoscopic changes
were ohserved in the hearts, In the aorta, futty streaks appeursd
in a lage propotion of animals in groups A (50 %) and B
(46 %5), but fatty stneaks appeared in a smaller minority of

G. A Nai

Drepariment of Patholegy, Univerddade do Oesie Paulists
{LTHOESTE), R Joed Bongonand, 700, 1 9050-680 Presidente
Prudente, S350 Paolo, Brazil

1. I Golghetio
Universidade do Ceste Paul ists (IINOES TE), Rua José Bongiovani,
Tinlk, 19050-680 Presidente Prudenie, S50 Paclo, Brail

M.E S Esrella -1 A, Alves- L. A. Garcia

Madical Callege, Universidade do Oeste Pauliza (IINOESTE), Rua
Josd Bongiovani, T00, 19050-680 President Prudente, Sho Paok,
Bzl

G A Mai (=)

Laboraibrio de Anstom s Patokbgica ¢ Ciopaiologia, Univesidade
do Dhesie Paulista ([INOESTE), R José Bongiovani, 70,

15 0-680 Presidente Prudente, S50 PaoloSE, Brazil

e-mail: paiologiafaneesie v

Published omline: 15 Jamsary 2415

ammals m groups C (15.3 %), D (0 %), E (7 %), and F
(133 %5) (p < 0.05). Cadmium exposure caused the devedop-
ment of ftty streaks in the aorta of animals and the exposumne
to this metal in basic pH decreased the formation of thess
lesions,

Kevwords Cadmium - Aadification - Heart - Aorta -
Atherosderosis

I nt roduct ion

Cadmium (Cd) is produced by a variety of sources. This heavy
metal is miroduced mto the environment by fumes, dust, and
debnis from ome smelters, burning of cadmium-based products
and fossil fuels, the use of tobacco, fertilizers, and wlated
agricultumal shidge, municipal waste water, and sewages dis-
charpes [1, 5], Additional sources of cadmium mclude vege-
tables, fish, and shellfish [1, 5]. Even silver alloy dental prod-
uets (used in orthodontics) and almnate (a polwsacchande
found m some algas) can result in diseases associated with
heavy metal intoxication [7].

The Scientific Panel on Contammants in the Food Cham
[2] noted that the averspe intake of cadmium in Eumpean
countries 4 close to or slightly exceeding the limit of
2.5 ppkg body weight [2]. Furthermore, it was noted that
subgroups of the population, such as vegetanans, smokers,
and people living in highly contamimated ameas may excesd
the tolerable wedkly intake by up to two times [14].

Although the influence of cadmium on the candiovascular
systemn memains contmoversial [14], thers is stong evidence

&) Springes
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that exposure to cadmium, even at low concentrations, is still a
major contributor to death from a range of canses inchiding
cardiovasanlar disease [16].

Some studies show increased hypertension in patients ex-
posed to cadmium [ 14], which may be due to the mpact of
cadmium on the structire and mtegrity of cordiae tissue and
the cardine conduction svstem [B]. Ome study showed that
exposing rats to 100 ppm of cadmium in water induced hy-
pertmophy and fusion of cardiomyocytes in addition to ob-
served foci of candiac fiber necrosis and severe micros ructumal
damage [4].

Smoking habits are comelated with the concentration of
cadmium in the three artenal lvers, Studies show a high con-
centrtion of cadmiwm m the middles laver when compansd
with the serum, indicating that the vascular wall is also a tarpet
organ for depositing cadmium [8].

One of the mam factors affecting the abality of plants
to access hesvy metals is the soil pH, which is gener
ally inversely related to the availability of these ele-
ments [3]. The study from WNan et al. [12] showed that
acidic pH mcreased the formation of precancerous le-
sions in the prostates of animals exposed to cadmium,
However, no studies have evaluated the mfluence of the
pH on the cardiovascular toxicity of cadmium-
contaminated water.

In addition to occupational exposure, cadmium 15 a metal
that contaminates many foods and thmough this route can also
infisct humans [ 5]. The sk of poisoning in patients exposad to
this metal is high [5]. Thus, then: is 2 need for simple, alter-
native ways to ameliomte the consequences of cadmium
it ication,

The ohjective of this study was to evaluate the pH effects of
cadminm-contaminated drinking water on the development of

cardiovasoular [eswms,

Material and Methods
Anrmak and Treatments

Thisstudy was approved by the Ethics Committes for Animal
Use at the University of Oeste Paulista (CEUA-UNOESTE;
Protocol no. 20107, All apphable intemational, natwmal, and!
or institutional guidelines for the care and use ofanimals were
followed.

For our study, we used 90 male adult Wistar rats { Rartus
norvegicns abinus), weighing 200-250 g The rats were di-
vided into groups of four and placed in lange rectmgular boxes
(measuring 49 = 34 = 16 cm) suitable for the accommodation
of up to five adult rats. Animals were mamtamed under a
controfled temperature of 25 & 2 °C, relative humidity of 50
% 15 % and normal phowoperiod (12-02-h light—dark cyeles).

£ springer

The cadmium source used was cadmium chloride
(CdCly; Sigma Chemical Company, St Louis, MO,
USA) wath a hydrabon of at least 98 % and water
content of approximately 2.5 mol'mol. For 6 months,
CdCl: was gmven to the animals n their drinking water
daily at a concentration of 400 mg/l (adapted from
Motta =t al. [11]). The pH of the water was adjusted
using hydrochloric acid or sodium hwdroxide, Drinking
water was changed thres times a week to maintain the
pH. Any wastewater containing cadmium was sent to
the central reservoir of the University of Oeste do
Paulista (UNOESTE) and neutralized for disposal. The
guantity of water remaining in the mt troughs was mea-
suréd sach time the solubion was changed to estimate
the average mtake of each animal. Also, the pH of the
remaining water was measured to ensure that the pH
remaingd the same.

The animals were divided mto six groups: group A,
15 rats that received cadmium chlonde in their drinking
water at a neutral pH 7.0; group B, 15 mts that received
cadmium chlonde in their drinking water at am acidic
pH 5.0; group C, 15 mts that received cadmium chlo-
ride m their drinking water at a basic pH 8.0k group D,
15 mts that received drinking water at an acidic pH 5.0;
group E, 15 rats that received drnking water at a basic
pH B.0; and group F, 15 rats that received drinking
water at a neutral pH 7.0

Amnimals of all groups were suthanized 6 months after
the beginning of the experiment. Euthanasia was per-
formed by intraperitoneal injection of thiopental (Syntec,
USA) at a dose of 100 mghkg [15]. The onset of death
was inferred by the absence of breathing movements,
heartbeat, and protective meflexes [15]. Necropsy was
performed and the heart and aorts from each rat were
removed for microscopic analysis.

Histological Study

Half of the heart and five longitudinal cross-section
fragments of the sorta were fixed in 10 % formalin
(Chemical Kinetics, 580 Paulo, Brazil) for 24 h, subject-
ed to standard histological processing, and paraffin em-
bedded (Dynamic Analvtical Reagents, Sio Paulo, Bra-
zil). Sections of 5-pm thickness were obtained and
stained with hematoxvlm-eosin (HE) (Dolles, Sio Paulo,
Brazil). Histological sections of the asorta were also
stamed with Verhoeff-van Gienson (VVG) for better
identification of the elastic lamina (Merck, Damstadt,
Giermany).

Histopathologic analyvsis was blinded and performed by a
single experienced observer (GAN) wsing a conventional op-
tical microscope (NIKON Labophot, Japan). The following
parameters were evaluated with the respective scoring
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Fig. 1 Phoismicroscopy of the
heant without clanges (animal
froin group A hemaoxylin
eosin, &« 1 magnification, b
Wl ez i ation )

scheme |, heart: imterstitial nflammatory imfiltrate (0 = ab-
sent, 1 = mild, 2 = moderate, 3 = severe) and nflammatory
cell-type present (polymorphonuclear and/or monuclear
cells); tissue congestion (0 = absent, | =mild, 2 = modemte,
3 = severg); changss i muscle fikers (atrophy, necrosis, hy-
pertrophy, sclemsis - 0 = absent, | = present); vascular chang-
&5 (arteriolosclerosis and atherosclerosis, (= absent, 1= focal,
2 = diffuse); benign and malignant neoplastic lesions (0 =
ahsent, | = present); and 2. Aortic atherosclerosis (0= absent,
I = fatty streaks, 2= mild, 3 = modemts, 4 = seven).

Statistical Analysis

The likelihood mtio (LR) test was performed. To make com-
parisms 2« 2 we used the Holm-Sidak comection to control
the group emor rate (o= 5 %5 Statistical tests wers performed
at a significance level of 5 %4

Fig. 2 Phowmicrosoopy of the
sorta showing an elevation of the
endothelivm by the poesence of
fioarm cells i the intimal layer
{Eatty sireaks). drmws indicate
transition from te neamal
endothelial cells (Aghyand the
alered cells (e (animal from
erowp B; 2 b ¢ Hematooaylin
eosin, «dl), 1, and =400

i gmi fication, respectively; d
Verhoeff-van Glenson VV(E
w1 Wl g fieation )

Hoes bty

Five animals died durng the coums of our study (one
rat gach fom proups A, C, and D and two rats from
group E). The cause of death for the animals from
group & and C was acute pulmonary edema, a comph-
cation associated with cadmium exposure [5]. It was not
possible to establish the conse of death for the rats from
groups D and E.

The average water intake per animal per diy was as fol-
lowvs: 55 ml for group A (approximately 22 mg of cadmium),
57 ml for group B (approximately 22.8 mg of cadmium),
52 ml for group C (approxmmately 208 mg of cadmium),
6l ml for group D, 70 ml for group E, and 73 ml for goup
F. Mo statistically significant difference was found betwesn
the groups with respect to cadmium intake and water ntake
{jp = 0.05),

&) springer
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Tehle1 Frequency of fatty sireaks in the aora of animals, sccording o
the study group (o= §4)

Crroupa Fatty streaks

T4 (50 %)
TI15 (46,6 Yoy
213 {153 %)
/14 {0 %)
113 7,7 %
218 {13,3%F

HmgOEe

Superscripl letlers are a compariaon between groups, a different leter
superscripl denoles a significant diference (p < 005

Heart

In the heurts of all animals assessed, no mterstitial mfamma-
tory infiltrate, tissue congestion, changes in muscle fibers (at-
rophy, necrosis, hvpettmophy, sclerosis), vascular changes
(arterioloscleross md atherosclerosis), nor benign or malipg-
nant neoplastic lesions wene: observed (Fig. 1).

Aorh

The onlv abnomality found in the aorta of the anmmals was
fatty streaks (Fig 2) No atheroma was observed. The inci-
dence of futty streaks inthe animals of groups A and B differ
swnificantly from those of anmals m groups C, DV E, and F {p
= (L05) (Table 1).

Dhis cussion

The main moutes of human cadmium exposure are mhalation
and ingestion. According to the World Health Organization
(WHO), the maximum daily intake of cadmium should be
I pgkg body weight [17].

Atherosclerosis s the basis of most cardiovascular dis-
eases and begins in early life. Changes in the arterial wall
may begin in childhood and progress slowly over decades
[8]. A study by MNavas-Acien et al, [13] showed that the
odds ratio of penpheral arterial disease was 2.82 for the
highest concentration of blood cadmium (6.23 nmol/l or
0.70 meT) compared with lower doses (3.56 nmol/l or
12.40 mg/T). Cadmium exposure is considered a risk fac-
tor for developing athemsclerosis [6, 9, 10]. Endothelial
cells absorh cadmium and can transport the metal to the
subendothelinl space. Smooth muscle cells also absorh
cadmium, nitiating the prolifemtion of these cells and
thus leading to the thickening of the medial layer of the
viessel wall, Cadmivm disrupts the endothelial mtercellu-
lar comections, thus facilitsting their diffusion and allows

&) springes

lipids and immune cells to access the intima layer. The
accumulation of smooth muscle cells in the mtima, the
intimal invasion by macrophages, and the death of endo-
thelial cells promotes mflammation. The inflammation
causes severg tisue remodeling, meluding extrace flular
matrix deposition and the appearance of lakes of fes lip-
id These events thus initiate the atherosclerotic process
with plaque formation and progression of the disease [8].
In this study, we observed a higher mcidence of fatty-
streak formation (an initial lesion of characteristic of ath-
erosclerosis) n anmals exposed to cadmium in water
with neutral or acidic pH. Those animals exposed to this
heavy metal in water at basic pH showed an incidence of
this mjury similar to the non-exposed groups. These data
sugpests that the basic pH could provide a level of pro-
tection against the formation of cadmivm-induced fatty
streaks. Thus, the wse of water with alkaline pH could
be preferable for people exposed to cadmium. The appear-
ance of fatty streaks i a portion of non-exposed ammals
may be due to the advanced age of the animals.

The pathophysiological effects of cadmium on the struc-
ture and integrity of cardiac tissue is still not well
established. Possible mechinisms include oxidative dam-
age, reduced coronary flow, mhibited conductivity be-
tween cardiwomyocytes, and the dirsct interaction of cadmai-
um with tropmnin and myoglobin [8]. The effects on the
cardiac conduction system are based on interactions be-
tween cadmium and the systems B contmetion and stim-
ulation [8]. In our study, thers was an absence of cardiac
lesions in animals exposed to cadmium.

The lungs sbsorb from 10 to 40 % of mhaled cad-
mium, while ngested cadmium is poorly absorbed from
the gastromtestinal tract (5-7 %) and is mostly elimi-
nated in feces [1]. This Get may explan the absence of
cardiac lesions in animals exposed to cadmivm in this
study as optical microscopy fmled to reveal amy cardiac
injury. However, it is possible that functional mjury as-
soviated with cardine electrical conduction or micro-
structural damage can be detected only with electron
microscopy. Studies evaluating the electrical function
and cardiac microstructure may provide a better under-
standimg of the pH dependence of cardiac effects due to
cadmium toxicity.

Conclus on

Cadmivum-contaminated drinking water caused the appear-
mnoe of fatty streaks n the sorta of rats and a basic pH de-
creased the formation of this change. However, there wers no
cardiac le=sions in the optical micmscopy analysis, indepen-
dent of the pH.
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