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ABSTRACT 
Ochratoxin A (OA) or (OTA) is a mycotoxin produced by certain Penecillium (mainly P. 
verrucosum) and Aspergillus (mainly A. occracies) species of storage fungi. This toxin is a secondary 
fungal metabolites which has been detected in a variety of animal chows, human food and in up to 
80% of human blood samples of several Western countries. Its main target  is the kidney which is the 
causing agent of Danish porcine nephropathy and increases the incidence of renal carcinomas and 
adenomas in rats. OA produces many other adverse effects on animals and human since it is known 
as teratogen, mutagen and immunosuppressive agent. Several mechanisms of OA toxicity have been 
proposed by several investigators. The present manuscript introduces the circulatory disturbances as 
well as several cases of cardiac disorders which have been recorded following the acute 
administration of ochratoxin A to adult rats. A dose-dependent relationship of ochratoxin A has been 
established. OA decreased the heart rate of adult rats after 30 min from the IP injection. Hypotension 
as well as a significant change in mean arterial blood pressure and decrease in the conduction time of 
the heart cycle were established also following ochratoxicosis. Other electrophysiological changes 
included significant inotropic effect and increase of ventricle repolarization voltage have been 
reported after OA treatment. The abnormalities of heart function include abnormal sinus rhythms, 
arising of ectopic beats and atrioventricular block. A drop and change of pulse pressure of  the 
arterial blood pressure have been recorded simultaneously with multiple cases of arterial premature 
contractions (APC) and sinus arrhythmia (SA). The cardiotoxic mechanism of OA has been 
established by both in vivo and in vitro study on the rat and frog hearts. Sympathetic and 
parasympathetic antagonisms as well as calcium channels blocker have been employed. It is 
suggested that OA exerted its cardiotoxic effects mainly through increased influx of extracellular 
calcium ions, which postulates a possible direct effect of OA on the myocardium cell membranes 
integrity. Morover, OA can exert a parasympathetic stimulation to the heart in both the in vivo and 
in-vitro  study. Ochratoxin A seriously affects the circulating blood and the circulating body fluid 
which are currently defined as the internal environment that facilitate the metabolic processes and 
homeostasis. Microcytic hypochromic anemia, reduced mean corpuscular volume and decrease of 
other haematological measurements were reported in different species of animals toxificated by OA. 
Ochratoxin A not only produced amelioration in the pH of  intersititial fluid which provides the 
exchange medium for substances moving between cells and capillary plasma, but also within the cell 
membrane on the intracellular fluid, which serve as the liquid environment for chemical reactions 
necessary to cellular survival. 
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Historical notes: Human and animal exposure to ochratoxins: Kidney is the target organ 
of ochratoxicosis in several species of animals as well as in human (Marquardt & Frohlish 
1992). OA contaminated diet leads to nephropathy in pigs and to Balkan endemic 
nephropathy in human. The poineering work of (Elling & Moller 1973) with pigs 
demonstrated that OA was the major causal determinant of nephropathy disease. The renal 
lesions associated with that disease include degeneration of the proximal tubules, interstitial 
fibrosis, and hyalinization of the glomeruli (Krogh 1978). Cases of porcine nephropathy have 
been observed also in other European countries, including Sweden, Norway, Finland, 
Germany, Hungary, Poland, Yogoslavia, and Great Britain (Rutqvist et al.1978). Burns & 
Dwivedi (1986) reported that the target organ of OA for poultry seems to be the kidney, 
although other systems such as the liver, gastointestinal tract, lymphoid organs, skeletal 
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system, hematopiotic tissues, and the reproductive organs can be affected. Moreover, a 
specific effect of OA is the reduction of growth to be a potent teratogen and 
immunosuppressive in mice, rats, hamsters, and chickens (Fukui et al.1987). Ochratoxicosis 
has rarely been reported in ruminants, presumably because of the ability of ruminal 
microorganisms to hydrolyse OA to the nontoxic alpha form (Sreemannarayana et al.1988). 
Plestina et al.(1990) studied the human exposure to OA in several areas of Yogoslavia. They 
observed a common causal relationship between the porcine nephropathy and the Balkan 
(endemic) nephropathy disease, they showed also a correlation between the highest frequency 
of OA contaminated food in specific area in Yogaslavia and the incidence of the Balkan 
nephropathy disease in the same area. 
         In Saudi Arabia, (Abdel-Gawad & Zohri 1993) recorded ochratoxin A and other 
mycotoxins like aflatoxins and citrinin contaminated nut seeds for human consumption. In 
Sweden, OA was found in 14% of the cow’s milk samples (10-40 ng/ml) and in 58% of the 
human milk samples (10-40 ng /ml) (Breitholtz et al.1993).  Maaroufi et al (1996) reported 
that Tunisia appears to be a second hot spot of kidney disease due to the prevalane of OA in 
human blood and tissues.  
Ochratoxicosis in Egypt: Today toxins from Aspergillus occracies (ochratoxin) and 
Aspergillus flavus (aflatoxin) and several other mycotoxins received a great attention in 
Egypt. Almost food and feed, particularly of plant products, may be infected by fungi and 
thence contaminated with these mycotoxins (Abdelhamid et al.1996 and Naguib et al. 1999). 
EL-Maraghy and Zohari (1988) isolated one hundered and thirty isolates of Aspergillus and 
Penicillia from 100 broad beans seed samples collected from different localities in Egypt. In 
Sinai, several species of mycotoxic fungi of barley grains have been identified (Abdel-Hafez 
& Maghraby 1987). Zohri & Abdel-Gawad (1993) carried out a survay of mycoflora and 
mycotoxins of some dried fruits in Egypt. (Naguib et al.1999) screened Aspergillus ochraceus 
in green  (50 samples) and coffee roosted beans (25 samples) for the presence of OA. The 
samples were randomly collected from different governorates and were inoculated 
individually on several Agar extracts, Their results showed that ochratoxin A was determined 
in samples under investigation using the AOAC method.  
Chemistry of ochratoxins: Several forms of ochratoxins each of varying toxicity have been 
isolated from Aspergillus and Penicillium fungal genera (Frisvad & Samson 1991). 
Ochratoxin A is the most toxic one and it is a chlorine -containing diyhdro-
methylisocoumarin compound with L-β-phenylalanine linked through the 7-carboxy group by 
an amide bound. (Marquardt & Frohlich 1992). Several analogs of OA have been prepared by 
substitution of phenylalanine with other amino acids (Creppy et al. 1983). The tyrosine, 
valine, serine and alanine analogs are most toxic. The methionine, tryptophan, and glutamic 
acid analogs have intermediate toxic effects, while, the glutamate and proline analogs have 
low toxicity. Hadidane et al.(1991) have reported that the serine, hydroxyproline, and lysine 
analogs occur also naturally.  
Toxicity of ochratoxins A: Ochratoxin A is acutely toxic to several species of animals, 
including chicks, hens, ducklings, turkeys, sheep, swine (Dwivedi & Burns 1986, Kuiper-
Goodman & Scott 1989, Marquardt et al.1990). The acute toxicity of the ochratoxins, as 
assessed by the LD50 values, varies considerably from species to species and within a species 
is influenced by diet, age, sex, route of administration, genetic differences and the form of 
ochratoxin (Marquardt & Frohlish 1992). Significant increases in the concentration of 
creatinine and urea in the pigs blood were observed after the highest exposure to OA for 4-6 
wk (Marquardt et al.1990). Several studies introduced the mechanism of ochratoxicosis on the 
kidney. Jung & Endou (1989) suggested that OA might enter the plasma membrane in S2 and 
S3 through the organic anion transport pathway and inhibit the mitochondrial oxidative 
phosphorylation. On the other hand, (Glahn et al.1989) suggested that OA may cause an 
osmotic diuresis in pullets by inhibiting the tubular reabsorption of electrolytes. The acute 
application of OA affects the postproximal part of the nephron, while the subchronic 
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application of OA results in a dramatic decrease of the transport maximum of p-
aminohippuric acid (PAH), and reduced glomerular filtration rate, (Gekle & Silbernagl 1994). 
Moreover, there was a dose-response related increase in protein excretion consisting mainly 
of albumin and proteins with a similar or large molecular weight, indicating a glomerular 
proteinuria. The mechanism of ochratoxicosis of liver and hepatic cells was studied by (Khan 
et al. 1989). They suggested that OA disrupts microsomal calcium homeostasis by an 
impairment of the endoplasmic reticulum membrane and they suggested lipid peroxidation 
enhancement mechanism. Ochratoxin A induced alterations of some testicular enzymic 
activities after 4-8 wk in adult rats (Gharbi et al. 1993). These enzymes include alpha-
amylase, alkaline phosphatase, and gamma-glutamyltransferase (GGT). The authors 
associated the increase of these testicular enzymes especially GGT with impairment of 
spermatogenesis and accumulation of premeiotic germinal cells induced by OA. They 
concluded that an earlier modification of the androgen status and testosterone level in testes 
can be induced by OA. 
       Carcinogenicity of OA has been established by several researches. OA induces DNA 
single-strand breaks as well as DNA adducts in many organs and produces mitotic and 
meiotic chromosomal abnormalities after the chronic application (Bose & Sinha 1994). 
Incidence of urinary tract tumors has been investigated in the endemic Balkan nephropathy 
disease in humans (Kuiper-Goodman & Scott 1989). Also, the incidence of renal tubular cell 
adenomas and carcinomas was observed in male rats much higher than that in female rats 
(Kuiper-Goodman & Scott 1989). On the other hand, the persisting of DNA adducts in kidney 
and their appearance and disappearance in liver and spleen rat after OA chronic application 
lead to the conclusion that DNA adducts are not likely quantitatively and qualitatively the 
same in several organs. This is due to difference of metabolism in these organs, leading to 
different ultimate carcinogens and may result also from differences in the efficiency of repair 
processes (Pfohl-Leszkowicz et al.1993). 
Effect of ochratoxin A on the circulatory system: The circulatory system comprises its 
principal organs, the heart, blood and lymph vessels. Blood circulating in the vessels performs 
vitally important functions in the animal and human body. The function of the heart is to 
maintain a constant circulation of blood through the body. The heart acts as a pump and its 
action consists of a series of events known as the cardiac cycle (Wilson 1995). Studies 
concern the toxicity of ochratoxin A on the cardiac cycle as well as on cardiovascular 
physiology are considerably rare. The present review describes the cardiovascular lesions in 
rats induced by acute ochratoxicosis. In pharmacological experiments, the electrocardiogram 
has proved to be an invaluable method in detecting the actions of drugs on the heart especially 
with regard to possible cardiotoxic side effects (Cromwell et al.1999). Several cases of 
electrocardiographic abnormalities (arrhythmias) have been recorded by (Hussein 1996) 
following acute intraperitoneal administration of two doses of ochratoxin A. The changes 
were most obvious after the administration of the higher dose (1.7 mg/kgbw). The abnormal 
sinus rhythms included cases of bradycardia, tachycardia and sinus arrhythmias. Bradycardia 
was recorded mostly after 30 min following the treatment of the two doses of OA and 
sustained until 2 hrs. On the other hand, tachycardia was observed later (after 2-3 hrs) from 
injection. The author concluded that OA can exert some effects on the rhythmicity of the 
sinoatrial node of the heart and thereby can disturb the automaticity of the heart. Moreover, 
the author considered the cases of premature and escape beats obtained after ochratoxin A 
application as a protective mechanism against the failure of SA node depolarization or the 
conduction block. Also, an atrioventricular block with first and second degree concomitant 
with cases of atrial and ectopic beats (Plate 1) were observed in the ECG recordings obtained 
following ochratoxicosis (Hussein 1996). 
         The cardiovascular alterations induced by several doses of ochratoxin A are described 
by (Hussein et al.1997). They reported that ochratoxin A not only exerted an arrhythmogenic 
effect on the ECG traces but also affected the arterial blood pressure waves since a change in 

 149



Hussein & Arbid: Ochratoxin A and circulatory disorders 

the pressure wave form with a remarkble drop in mean arterial blood pressure is obtained 
following the acute ochratoxicosis study  (Plate 2). The decrease of arterial pressure as well as 
systolic, diastolic and mean blood pressure induced by ochratoxin A is a serious physiological 
alteration in the circulation since it is accompanied by a decrease in heart rate, cases of sinus 
arrhythmia and atrial premature contraction. It is known that low blood pressure leads to 
inadequate blood supply to the brain. It can lead to brief or more prolonged unconsciousness 
(fainting) possibly causing death, (Wilson 1995). Moreover, the authors proposed that OA 
strongly affects the performance of the myocardium as well as the cardiovascular system. they 
also suggested a direct or indirect effect that can be mediated on the circulatory system of the 
rat.         
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It is reported that OA enhances lipid peroxidation production and hydroxyl radicals 
generation (Aleo et al.1991). Hydroxyl radicals may affect the myocardium and the 
conductive system in different ways. (Kaneko et al.1993) indicated that oxygen free radicals 
may inhibit myofibrillar creatine kinase activity by modifying sulfhydryl groups in the 
enzyme protein. This reduction in creatine kinase activity may lead to a disturbance in the 
energy utilization in the heart and may contribute to cardiac dysfunction. The previous 
hypothesis supports the data obtained by (Hussein 1996). Since she suggested an 
arrythmogenic quality of OA on the myocardium and therby cardiac dysfunction.     
          Another hypothesis of (Wei et al.1985) described that OA inhibited the respiration of 
whole mitochondria by acting as a competitive inhibitor of carrier proteins located in the inner 
mitochondrial membrane supports the observations of the significant hypotension 
concomitant with a decrease of cardiac cycle obtained by (Hussein et al.1997). They 
concluded that an agent affecting an energy consuming process presumably could produce an 
inhibitory mechanism as well as a delay in the impulse conduction through the A-V bundle in 
the heart. The ability of ochratoxin A to increase the myocardial contactility has been reported 
also by (Hussein et al.1997). They proposed that the positive inotropic effect of OA may be 
due to calcium increase within the myocardium. This conclusion is in agreement with the 
report of (Khan et al.1989) that OA enhanced lipid peroxidation which was also accompanied 
by leakage of calcium-loaded microsomes leading to an influx of calcium to the cell causing 
changes in the metabolic activity within the cell.  
   Alteration in the repolarization of the ventricle after ochratoxicosis has been shown by 
(Hussein 1996; Hussein et al.1997). This alteration is represented by the increment of T-wave 
amplitudes of the rat ECG. Repolarization disorder of the ventricle is attributed mainly to a 
disturbance in ionic distribution especially the potassium ions around the myofibrils (Brown 
& Kozlowski 1997). 
     The possible cardiotoxic 
mechanism of OA was 
explored in the study of 
(Hussein 1998). The author 
introduced in vivo and in vitro 
study to manifest the 
mechanism of ochratoxin A in 
affecting the heart rate, 
conductivity, contractility and 
excitability of the rat and frog 
heart by the pretreatment or 
posttreatment by sympathetic, 
parasympathetic antagonists, as 
well as, calcium channels 
blocking agent (Plate 3). The 
results indicated that the 
calcium channels blocker 
verapamil hydrochloride 40 mg 
(2mg/kg bw) application could 
abolish the positive inotropic 
effect of OA on the 
myocardium, an effect which 
was  not induced by the 
sympathetic blocking agent 
propranolol (1mg/kgbw).  
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Moreover, atropine nearly regulated the heart rate and sinus arrhythmia but could not abolish 
the other electrocardiographic disorders induced by OA. The author’s study suggested that 
OA exerted its cardiotoxic effects through the increased influx of extracellular calcium ions, 
which postulates a possible direct effect of OA on the myocardium cell membrane integrity. 
(Bailey et al.1989) reported the decrease of calcium, potassium, and inorganic phosphorus 
serum concentration is due to the biochemical lesions induced by OA in chickens’heart. 
Their results come in agreement with the conclusion of (Hussein 1998) on the heart of frog 
and rat. 
        Recently (Eder et al.2000) reported that ochratoxin A activates mitochondrial Na+/H+-
exchange (NHE) by interfering with cellular Ca2+ homeostasis in the renal cells and 
subsequently change the cellular pH (pHc) homeostasis and mitochondrial function. The 
effects of OTA on cellular calcium homeostasis ([Ca2+]i) and another cell parameters were 
also investigated by (Benesic et al.2000). They concluded that OTA may impair cellular Ca2+ 
and cAMP homeostasis already at low nanomolar concentrations, resulting in concentration-
dependent [Ca2+]I oscillations. The above studies which discuss the role of OTA on calcium 
ions homeostasis agree with the conclusion of (Hussein 1998) study on the heart of rat and 
frog through the in-vivo and in-vitro experiments.  
Toxicity of ochratoxin A on the internal environment and its relationship to systemic 
circulation. Currently, the internal environment is defined as the body fluids (blood, lymph, 
tissue and cerebrospinal fluid) that participate in the metabolic processes and homeostasis 
(Georgieva 1989). The blood circulating in the vessels provides one of the means of 
communication between the cells of different parts of the body and the external environment 
and it establishes specific defense mechanisms against toxins (Wilson 1995). 
Several studies have reported the toxicity of ochratoxin A on the blood, hematopoietic 
system, immune system as well as on body fluid homoestasis. Short notes of these studies will 
be emphasize within this report to communicate several toxicities of OA with the circulatory 
disturbances induced by this toxin. 
Toxicity of ochratoxin A on haematological, biochemical and blood minerals 
measurements: The bioavalability of ochratoxin A, which is the amount of OA reaching the 
systemic circulation, greatly affects the toxicity of OA. Another factor that affects OA 
toxicity is the high binding affinity of OA to plasma constituents (Uchiyama & Saito 1987). 
This not only facilitates the passive absorption of the nonionized form of OA from the 
digestive system (Kumagai 1988) but also retards OA elimination and limiting the transfer of 
OA from the bloodstream to the hepatic and renal cells and consequently contributes to the 
prolonged half-life of the toxin (Hagelberg et al.1989). 
         Plasma of several species of animals have proteins with different binding affinities for 
OA (Hagelberg et al.1989). This may be the reason of different susceptibility of 
haematological and biochemical measurements changes among different species of animals. 
In mammals, OA causes decrease of serum phosphorus, calcium, potassium, cholesterol and 
several haematologic values with an increase of uric acid and creatine concentration in the 
plasma of pigs (Harvey et al 1989). Other investigators supported the previous findings in rats 
(Mueller et al.1995; Nada et al.1996). 
       In poultry, there are microcytic hypochromic anaemia, reduction in mean corpuscular 
volume, reductions in serum levels of total protein, albumin, globulin, urea nitrogen, 
cholesterol, triglycerides, and potassium. An increase in uric acid and creatine levels as well 
as in the activities of serum phosphatase, cholinesterase and γ-glutamyltransferase have been 
reported by (Kubena et al.1989 and Sreemannarayana et al.1989). An increase of ion 
excretion (Na, K, Ca2, P) by kidney toxificated by OA have been reported by (Glahn et 
al.1989). They suggested that OA may cause an osmotic diuresis by inhibiting the tubular 
reabsorption of electrolytes. Other researchers have shown that a decrease in renal 
phosphoenol-pyruvate carboxykinase ( PEPCK) activity was a highly sensitive and specific 
indicator of OA in pigs, but not in rats (Krogh et al 1988). Recently (Li et al.1997; Schwerdt 
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et al.1999) studied the pharmacokinetics of ochratoxin A. They concluded that ochratoxin A 
has a long half-life and is very slowly cleared from the body. Moreover, its metabolies are 
cleared at much faster rate with much shorter half-lives. Another recent study (Gekle et 
al.2000) discussed the nephritogenic, carcinogenic, and teratogenic action of ochratoxin A. 
They reported that OA induces c-jun amino-terminal-kinase (JNK) activation and apoptosis in 
MDC7 cells at nanomolar concentrations. 
Effect of ochratoxin A on circulating body fluids: Changes and amelioration in pH of 
extracellular fluid and intersititial fluid in mammalian body have been reported by several 
studies. Rodeheaver & Schinellmann (1993) obseved an extracellular acidosis which has been 
produced by ochratoxin A in rabbit renal proximal tubules suspensions in- vitro. They 
assumed lipid peroxidation mechanism which potentiates free radical production and 
decreases free radical detoxification. Gekle & Silbernagl (1993) described the ability of 
ochratoxin A to produce reduction of glomerular filtration rate (GFR) in rats. They attributed 
this reduction to a decrease of renal plasma flow (RPF) and increase of total renal vascular 
resistance (TVRF). Another study of (Gekle & Silbernagl 1996) working on cultured kidney 
cells concluded that the nanomolar concentrations of OTA could induce a blockade of anion 
conductance in the plasma membrane with subsequent disturbance of cellular acid-base 
homeostasis. Moreover, they reported that the renal hamodynamics and the secretory function 
of the proximal tubule are affected by OTA after prolonged but not after acute exposure. 
Recently, (Benesic et al.2000) reported that OTA interferes with hormonal Ca2+ signaling, 
which leads to alteration of cell proliferation. Also, the high concentrations of OTA lead to 
the reduction of cell viability which is not depend on Ca2+.   

In conclusion, it seems that there may be more than direct and indirect effects of OA. 
OA induces circulatory disturbances as well as several cases of cardiac disorders in adult rats. 
Diagram (1) summarizes the toxicity of OA on the circulatory system of rats. A dose-
dependent relationship of ochratoxin A has been established. OA decreases the heart rate of 
adult rats. The abnormalities of heart function include abnormal sinus rhythms, arising of 
ectopic beats and atrioventricular block. Hypotension as well as a significant change in mean 
arterial blood pressure and decrease in the conduction time of the heart cycle are also 
established following ochratoxicosis. A drop and change of pulse pressure of the arterial 
blood pressure have been recorded simultaneously with multiple cases of arterial premature 
contractions (APC) and sinus arrhythmia (SA). Other electrophysiological changes include 
significant inotropism and increase of ventricle repolarization voltage have been reported after 
OA treatment. It is suggested that OA exerts its cardiotoxic effects mainly through increased 
influx of extracellular calcium ions, which postulates a possible direct effect of OA on the 
myocardium cell membranes integrity. Moreover, OA can exert a parasympathetic stimulation 
to the heart in both the in-vivo and in-vitro study. The ability of OA to increase intracellular 
calcium permiability is well documented.  
       Of the recent mechanisms expaining in the nephrotoxic effect of OA is the blocking of 
the plasma membrane anion conductance and inhibition of electrolytes reabsorption by the 
tubules. Moreover, deranges of the pH homoestasis in the intersititium of the renal papilla 
could lead to the impairment of urinary acidification and extracellular acidosis which 
potentiate the cell injury and death. OA toxicity has related to its ability to increase lipid 
peroxidation and glutathione disulfide formation and decrease glutathione peroxidase and 
glutathione reductase activities, a mechanism which is most likely to be related to free 
radicals production and lipid peroxidation  enhancement.  
       Another mechanism of OA toxicity is its effect on mitochondrial ATP production. It was 
observed that OA inhibits the respiration of whole mitochondria by acting as a competitive 
inhibitor of carrier proteins located in the inner mitochondrial membrane. The decrease of 
cellular ATP content produced by OA is due to the ability of OA to enter the plasma 
membrane in S2 and S3 through the organic anion transport pathway and to inhibit 
mitochondrial oxidative phosphorylation.  

 153



Hussein & Arbid: Ochratoxin A and circulatory disorders 

REFERENCES 
Abdel-Gawad KM & Zohri AA (1993) Fungal flora and mycotoxins of six kinds of nut seeds for human 

consumption in Saudi Arabia. Mycopathologia 124:55. 
Abdel-Hafez AI & El-Maghraby OM (1987) Mycoflora and mycotoxins of barley grains from Sinai Egypt. 

Sohag Pure & Appl. Sci 3 :73. 
Abdelhamid AM, Khalil FF & Ragab MA (1996) Survey of aflatoxin and ochratoxin occurrence in some local 

feeds and foods. Food Borne contamin. and Egyptian’health, University of Mansoura Nov.:26. 
Aleo MD, Wyatt RD & Schnellmann RG (1991) Mitochondrial dysfunction is an early event in ochratoxin A but 

not oosporein toxicity to rat renal proximal tubules. Toxicol. Appl. Pharnmacol. 107:73. 
Bailey C, Gibson R, Kubena L, Huff W & Harvey R (1989) Ochratoxin A and dietry protein 2-Effects on 

haematology and various clinical chemistry measurements. Poult. Sci. .68:1664. 
Benesic A, Mildenberger S & Gekle M (2000) Nephritogenic ochratoxin A interferes with hormonal signaling in 

immortalized human kidney epithelial cells. Pflugers Arch. 439 (3): 278. 
Bose S & Sinha S (1994) Modulation of ochratoxin-produced genotoxicity in mice by vitamin C. Food and 

Chem.Toxicol. 32 :533. 
Breitholtz A, Olsen M, Oskarsson A, Palminger I & Hult K (1993) Ochratoxin A in cow’s milk and in human 

milk with corresponding human blood samples. J. AOAC  Int. 76: 842. 
Brown H & Kozlowski R (1997) Arrhythmias: clinical considerations. In: Physiology and Pharmacology of the 

heart. Blackwell Science Ltd. Australia. P:53 
Burns R & Dwivedi P (1986) The natural occurrence of ochratoxin A and its effects in poultry. A review. Part II. 

Pathology and immunology. World’s Poult. Sci. J. 42: 48. 
Creppy E, Kern D, Steyn P, Vleggaar R, Roschenthaler R & Dirheimer G (1983) Comparative study of the effect 

of ochratoxin A analogues on yeast aminoacyl-tRNA synthetases and on the growth and protein synthesis of 
hepatoma cells. Toxicol. Lett. 19: 217. 

Cromwell L, Weibell F & Pfeiffer E (1999) The cardiovascular system, In: Biomedical Instrumentation and 
Measurements. Asoke K. New Delhi. pp: 93. 

Dwivedi P & Burns R (1986) The natural occurrence of ochratoxin A and its effects in poultry. A review. Part I. 
Epidemiology and toxicology. World’s Poult. Sci. J. 42: 32. 

Eder S, Benesic A, Freudinger R, Engert J, Schwerdt G, Drumm K & Gekle M (2000) Nephritogenic ochratoxin 
A interferes with mitochondrial function and pH homeostasis in immortalized human kidney epithelial cells. 
Pflugers Arch. (4): 521. 

Elling F & Moller T (1973) Mycotoxin nephropathy in pigs. Bull. World Health Org.49: 411. 
El-Maraghy S & Zohari A (1988) Mycotoxin-producing potential of Aspergilli and Penicillia of broad beans in 

Egypt. Bull. Fac. of  Sci., Assiut University 17 (10) : 91. 
Frisvad JC & Samson RA (1991) Mycotoxins produced in species of Penicillium and Aspergillus occurring in 

cereals. In: J. Chelkowski (Ed) Cereal Grain Mycotoxins, Fungi and quality in drying and storage. 
Amestedam. PP: 441-476. 

Fukui Y, Hoshino K, Kameyama Y, Yasui T, Toda C & Nagano H (1987) Placental transfer of ochratoxin A and 
its cytotoxic effect on the mouse embryonic brain. Food Chem. Toxicol. (25): 17. 

Gekle M, Schwerdt G, Freudinger R, Mildenberger S, Wilfingsede P, Dander M & Schramek H (2000) 
Ochratoxin A induces JNK activation and apoptosis in MDC7 cells at nanomolar concentrations. J 
Pharmacol. Exp. Ther. 293 (3): 837. 

Gekle M & Silbernagl S (1993) Mechanism of ochratoxin A-induced reduction of glomerular filtration rate in 
rats.j. Pharmacol- Exp-Ther. 267 (1): 316. 

Gekle M & Silbernagl S (1994) The role of the proximal tubule in ochratoxin A nephrotoxicity in vivo: 
toxodynamic and toxokinetic aspects. Renal Physiol. Biochem. 17 (1): 40. 

Gekle M & Silbernagl S (1996) Renal toxicodynamics of ochratoxin A: a pathophysiological approach. Kidney 
blood Press Res. 19 (5): 225. 

Georgieva S (1989) The blood as the internal environment. In: Essentials of Physiology. PP. 31-34. Mir 
Publishers,  Moscow. 

Gharbi A, Trillon O, Betbeder A, Counord J, Gauret M, Pfohl Leszkowicz A, Dirheimer G & Creppy E (1993) 
Some effects of ochratoxin A, a mycotoxin contaminating feeds and food on rat testis. Toxicology  83 (1-3): 9. 

Glahn R, Shapiro R, Vena V, Wideman R & Huff W (1989) Effects of chronic ochratoxin A and citrinin 
toxicosis on kidney function of single comb white Leghorn pullets. Poult. Sci 68 (9):1205. 

Hadidane R, Bacha H, Hammami M, Ellouze F, Creppy E & Dirheimer G (1991) Identification of three natural 
analogues of ochratoxin A: Serine-OTA, hydroxhproline OTA and lysine OTA, produced by Aspergillus 
ochraceus NRRL 3174. Mycotoxins, Nephropathy and Urinary Tract Tumours. p18. International Agency 
for Research on Cancer, Lyon, France (Abstr). 

Hagelberg S, Hult K & Fuchs R (1989) Toxicokinetics of ochratoxin A in several species and its plasma-binding 
properties. J. Appl. Toxicol. 9: 91. 

Harvey R, Huff W, Kuben L & Phillips T (1989) Evaluation of diets contaminated with aflatoxin and ochratoxin 
fed to growing pigs. Am. J. Vet. Res. 50 (8): 1400. 

 154



Hussein & Arbid: Ochratoxin A and circulatory disorders 

Hussein AA (1996) Cardiac arrhythmias accompanying ochratoxicosis in rat. Egypt.Ger. Soc. Zool., 20 (A). 
Comparative. Physiol. :1-16.  

Hussein AA (1998) Cardiotoxic mechanism of ochratoxin A in vivo and in vitro study. J. Egypt. Ger. Soc. Zool., 
Comparative physiol 26 (A): 25. 

Hussein AA, Omran AA, Nabil ZI & Arbid MS (1997) Effect of acute administration of ochratoxin A on the 
heart rate, arterial blood pressure and ECG of the rat.  J. Natural Toxins  6 (1): 85. 

Jung K & Endou H (1989) Nephrotoxicity assessment by measuring cellular ATP content.II. Intranephron site of 
ochratoxin A nephrotoxicity. Toxicol, Appl. Pharmacol. 100 (3): 383. 

Kaneko M, Masuda H, Suzuki H, Matsumoto Y, Kobayashi Y & Yamazaki N (1993) Modification of contractile 
proteins by oxygen free radicals in rat heart. Mol. Cell. Biochem. 125: 163.  

Khan S, Martin M, Bartsch H & Rahimtula A  (1989) Perturbation of liver microsomal calcium homeostasis by 
ochratoxin A. Biochem. Pharmacol. 38 :67. 

Krogh P (1978) Causal associations of mycotoxic nephropathy. Acta Pathol. Microbiol. Scand. A. Suppl. 269: 1. 
Krogh P, Gyrd-Hanson N, Hald B, Larsen S, Nielsen M, Smith C, Ivanoff C & Meisner H (1988) Renal enzyme 

activities in experimental ochratoxin A-induced porcine nephropathy: Diagonestic potential of 
phosphoenolpyruvate carboxykinase and gamma-glutamyl transpeptidase activity. J. Toxicol. Environ. 
Health 23: 1. 

  Kubena L, Harvey R, Huff W, Corrier D, Philips T & Rottinghaus G (1989) Influence of ochratoxin A and T-2 
toxin singly and in combination on broiler chickens. Poult. Sci.  68 (7): 867. 

Kuiper-Goodman T & Scott P (1989) Risk assessment of the mycotoxin A. Biomed. Environ. Sci.  2: 179.  
Kumagai S (1988) Effects of Plasma ochratoxin A and luminal pH on the jejunal absorption of ochratoxin A in 

rats. Food Chem. Toxicol.  26: 753. 
Li S, Marquardt R, Frohlich A, Vitti T & Crow G (1997) Pharmacokinetics of ochratoxin A and its metabolites 

in rats. Toxicol. Appl. Pharmacol., 145 (1): 82.  
Maaroufi K, Achour A, Zakhama A, Ellouz F, El-May M, Creppy E & Bacha H (1996) Human nephropathy 

related to ochratoxin A in Tunisia. In: Symposium on ochratoxin as environmental risk factor causing 
kidney disease. Ghoneim, M, Sobh M & Yahya R (eds). pp: 223-227 

Marquardt R & Frohlich A (1992) A review of recent advances in understanding  ochratoxicosis. J. Anim. Sci. 
70: 3968.  

Marquardt R, Frohlich A & Abramson D (1990) Ochratoxin A: An important western Canadian storage 
mycotoxin. Can. J. Physiol. Pharmacol. 68: 991. 

Mueller G, Kielstein P, Koehler H & Rosne RH (1995) Studies of the influence of ochratoxin A on immune and 
defence reactions in the mouse model. Mycoses. 38 (1-2): 85. 

Nada S, Hussein A El-Deeb M & Arbid M (1996) Comparative study on the effect of ginseng (Panax ginseng) 
and L-methionine on ochratoxicosis in rats. J. Union. Arab. Biol. Zoology 5 (A): 205.  

Naguib Kh, Moursy A, Soliman K, Farag M & Ezz-El-Dien N (1999) Aspergillus Ochraceus and ochratoxin A 
in green and roasted coffee beans. Accepted abstract by the 4th congress of Toxicology in developing 
countries, November 6-10, 1999, Antalya, Turkey. 

Pfohl-Leszkowicz A, Grosse Y, Kane A, Creppy E & Dirheimer G (1993) Differential DNA adduct formation 
and disappearance in three mouse tissues after treatment with the mycotoxin ochratoxin A. Mutat. Res.  289 
(2): 265. 

Plestina R, Ceovic S, Gatenbeck S, Habazin-Novak V, Hult K, Hoekby E, Krogh P & Radic B (1990) Human 
exposure to ochratoxin A in areas of Yogoslavia with endemic nephropathy. J. Environ. Pathol. Toxicol. 
Onclol. 10 (3) : 145. 

Rodeheaver D & Schnellmann R (1993) Extracellular acidosis ameliorates metabolic inhibitor-induced and 
potentiates oxidant-induced cell death in renal proximal tubules. J. Pharmacol. Exp. Ther. 265 (3): 1355. 

Rutqvist L, Bjorklund N, Hult K, Hokby E & Carlsson B (1978) Ochratoxin A as the cause of spontaneous 
nephropathy in fattening pigs. Appl. Environ. Microbiol. 36: 920. 

Schwerdt G, Freudinger R, Silbernagl S & Gekle M (1999) Ochratoxin A-binding proteins in rat organs and 
plasma and in different cell lines of the kidney. Toxicology 135: 1-10. 

Sreemannarayana O, Frohlich A, Vitti T, Marquardt R & Abramson D (1988) Studies of the tolerence and 
disposition of ochratoxin A in young calves. J. Anim. Sci. 66: 1703. 

Sreemannarayana O, Marquardt R, Frohlich A Abramson D & Phillips G (1989) Organ weights, liver 
constituents and serum components in growing chicks fed ochratoxin A. Arch. Environ. Contam. Toxicol. 
18: 404. 

Uchiyama S & Saito Y (1987) Protein-binding potential of ochratoxin A in vitro and its fluorescence 
enhancement. J. Food Hyg. 28: 453.. 

Wei Y, Lu C, Lin T & Wei R (1985) Effect of ochratoxin A on rat liver mitochondrial respiration and oxidative 
phosphorylation. Toxicol. 36: 119. 

Wilson K (1995) The circulatory system. In: Anatomy and Physiology in Health and Illness. Ross and Wilson 
/Churchill Livingstone.UK. pp. 69-90. 

Zohri A & Abdel-Gawad K (1993) Survey of mycoflora and mycotoxins of some dried fruits in Egypt. J. Basic 
Microbiol.  33 (4): 279. 

 155



Hussein & Arbid: Ochratoxin A and circulatory disorders 

 156

 

 
Diagram 1: shows the different possible mechanisms involving in the toxicity of OA in circulatory system of rat 

  الملخص العربى

   الإضطرابـات  الدورانيـة  الناجمة عن تأثير الأوكراتوكسين أ

  2 محمود سليمان عربيد-  1عايدة أحمد حسين
  0 مصر- الإسماعيليه- جامعة قناة السويس- كلية العلوم-لحيوان قسم ا-1
 . مصر-  الجيزة - الدقى- المركز القومى للبحوث- قسم الفارماكولوجى-2
والأستراجلس أوكراتوكسين أ هوأحد السموم الفطرية التى تنتجها أنواع خاصة من جنس               من الفطريات التى    البنسيليوم

ويعتبر هذا السم من الأيضيات الثانوية التى تم تعيينهـا فـى كثيـر مـن غـذاء                  . يرهاتتكاثر عند تخزين الحبوب وغ    
وتعتبـر  . من عينات من دم الإنسان فى كثير من دول العـالم الغربيـة     % 80الحيوانات، وغذاء الإنسان وفى أكثر من       

زير الدنمارك  وفى زيادة     الكلية هى العضو المستهدف لسمية الأوكراتوكسين حيث أنه هو السبب المؤثر فى مرض خنا             
وللأوكراتوكسين تأثيرات سلبية أخرى فى كـل مـن الحيـوان           . حالات سرطان المثانة والسرطان الغدى فى الجرذان      

وهنـاك  . والإنسان حيث أنه معروف بفاعليته فى إحداث تشوهات جنينية وخلويه كما أنه يقلل من كفاءة جهاز المناعـة                
ويقدم هذا المقال شرحا للإضطراب الدورانى والقلبـى النـاجم عـن            . وكراتوكسينعدة نظريات تشرح أسباب سمية الأ     

ويسـبب سـم   . وقد وجدت علاقة طرديـة بـين الجرعـة والسـمية    . المعالجة الحادة بالأوكراتوكسين للجرذان البالغة    
بب هبوطـا فـى     كما يس .  دقيقة من الحقن فى الغشاء البريتونى      30الأوكراتوكسين نقصا فى معدل ضربات القلب بعد        

كما تؤدى المعاملة بالأوكراتوكسين الى نقص فى زمن التتـابع          . ضغط الدم وإنخفاضا فى متوسط ضغط الدم الشريانى       
كما انه يحدث تغيرات الكتروفسيولوجية لعضله القلب مثل شدة الإنقباضة وزيادة إستقطاب الجهد البطينى              . للدورة القلبية 
لحقن بالأوكراتوكسين فى صور منها عدم إتساق الإيقاع الأذينى، ظهور          قلبى الناتج من ا   ويظهر الشذوذ ال  . للدورة القلبية 

كما يتغير شكل موجة الضغط الشريانى ونقص إنخفاضا ملحوظا ومتماشيا فـى            . بؤرات اذينبطينية، وأيضا السدة القلبية    
وكراتوكسين على القلـب    وقد درست آلية هذا التأثير السام للأ      . نفس الوقت مع حالات النبضات الشاذة والبؤرات القلبية       

وقد تم حقن مضادات الجهازين السبمبثاوى ونظيرالسمبثاوى       . فى الحيوان الكامل وفى الزجاج لكل من الفأر والضفدغة        
وغالقات مستقبلات الكالسيوم لدراسة آلية سمية الأوكراتوكسين القلبية وقد قدمت هذه الدراسة رأياً يشـير الـى قـدرة                   

 أيون الكالسيوم الى المحتوى الداخلى للخلية القلبية والذى يعزى اليه التأثير المباشـر للسـم                الأوكراتوكسين فى إنسياب  
يؤثر الأوكراتوكسين  .  كما يؤثر الأوكراتوكسين تأثير إيجابيا على الجهاز  الجارسمبثاوى        . الفطرى على العضلة القلبية

وتنـتج أنيميـا عـن      . لأيض والإتزان فـى الجسـم     بشدة على الدم وعلى سوائل الجسم الدوارة والتى تيسر عمليات ا          
الأوكراتوكسين كما أنه يقلل من متوسط حجم كرية الدم الحمراء ويخفض من مظاهر الخلايا الدموية لكثير من أنـواع                   

ويؤثر الأوكراتوكسين أيضا تأثيرا سالبيا على درجة تركيز أيون الهيدروجين للسوائل البين خلويـة              . الحيوانات المختلفة 
 . لى أغلفة الخلية والوسط الداخلى للخلية والذى تعزى اليه التفاعلات الكيماوية الضرورية لإستمرار حياة الخليةوع
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