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 Abstract.- We have described the nephrotoxic effect of a contaminated shellfish cyto-hepatotoxin, PvHTxIIE, 
after a single dose in experimental animals. PvHTxIIE toxin [LD50 of 0.40 ml/kg (48 µg/150 g, b.w.)] was injected 
intraperitoneally (i.p.) in experimental animals and clinical signs were noted periodically at 6, 12, 24, 36 and 48 hrs. 
Blood sugar, urea, creatinine, chloride, sodium, potassium, bicarbonate, protein, osmolality, enzymes (LDH, CK, 

AST, ALT, ALP), liver function tests (γGT, AST), circulating calcium level and its compensatory ion phosphate, 
urinary urea, creatinine, sodium, protein and osmolality were analyzed at different time intervals (6, 12, 24, 36 and 48 
hrs) to assess the onset and extent of renal injury. The toxin induced alteration of renal system, manifested through 
variation in kidney function parameters such as urinary osmolality, urea, creatinine and blood potassium levels. Mild 
to moderate histopathological changes were also noted in kidney tubules such as epithelial disquamation and 
dilatation. It was also noted that impairment of renal function, as indicated by abnormal levels of chemical analytes 
and histopathological changes in kidney tubules, was mainly significant (P< 0.05) at 24th hour. It is, therefore, 
concluded that the nephrotoxic effect induced by PvHTxIIE is not a direct one, but a pathophysiological manifestation 
occurred during metabolism and elimination of toxin through renal system. 
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INTRODUCTION 
 

 One of the most important families of 

marine toxins is cytotoxin, predominant in a number 
of marine fauna (Burnett and Calton, 1977; Russell, 
1984; Terao et al., 1988, 1990, 1994; Alam et al., 

1992, 1993, 1995a-c; Alam and Qasim, 1997; 
Rossini et al., 2001). Among these cytotoxins, 
shellfish toxins are considered as a significant 
toxicological threat because of its effects on seafood 
production and consumers health (Sato et al., 2000; 
Ammons et al., 2001; Freitas de Magalhaes et al., 

2001; Nobre et al., 2001; Norris et al., 2002; Vale 
and Sampayo, 2001). Shellfish toxins include two 
major classes, diarrhetic shellfish toxin (DSP) and 
paralytic shellfish toxin (PSP) (Shimizu, 1978; 
Russell, 1984), produced by toxic phytoplankton 
e.g. dinoflagellates, cyanobacteria and diatoms, that 
are ingested by shellfish as their food (Ammons and 
Sampayo, 2001;  Chen and Chou, 2001; Park et al., 

2001; Vale and Sampayo, 2001).  In addition to both  
 
0030-9923/2005/0004-0313 $ 8.00/0 
Copyright 2005 Zoological Society of Pakistan. 

classes, several related toxins such as hepatotoxin, 
enterotoxin and amnesic poison, that cause 
considerable pathological manifestations, have also 
been reported (Silkker et al., 1998; Flanagan et al., 

2001; Ito et al., 2002; Mehto et al., 2001; Chong et 

al., 2002; Norris et al., 2002). The etiology and 
mechanism of action of these toxins have been 
investigated and reported extensively. Increase in 
cellular permeability to Ca++ ions, alteration in 
Na/CI channels, morphological changes and cellular 
disintegration, impairment of enzyme mechanism 
and bile acid transport system have been 
demonstrated to be the pathogenesis of shellfish 
toxins (Terao et al., 1990; Harada et al., 1994; 
Rossini et al., 2001; Chong et al., 2002). 
Furthermore, renal insufficiency was also reported 
as one of the manifestations of shellfish toxins 
(Hooser et al., 1989; Radbergh et al., 1991; Kotak et 

al., 1996; Nobre et al., 1999,2001; Ito et al., 2002). 
 The present communication describes the 
nephrotoxicity of PvHTxIIE, a hepatotoxin isolated 
from contaminated mussel, Perna viridis (Alam and 
Qasim, 1997), in albino rats after a single dose. The 
toxin was reported to induce marked hepatotoxicity 
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in rats by increasing permeability of cellular 
calcium and an increase in circulating calcium 
concentration. 
 

MATERIALS AND METHODS 
 

Lethality and histopathological examination 

 PvHTxIIE toxin, having an LD50 of 0.40 
ml/kg (48 µg/150 g, b.w.) in rats, was diluted with 
deionized water such that the lethality period was 
extended upto 48 hours. This was done to achieve 
the proper involvement of kidneys for excretion and 
elimination. Five groups, each of four male rats 
were injected intraperitoneally (i.p.) with PvHTxIIE 
and clinical signs were noted periodically at 6, 12, 
24, 36 and 48 hrs. Rats from each group were 
sacrificed at the specified period, blood was 
collected and processed as described earlier (Alam 
and Qasim, 1997). Abdominal cavity was cut open 
and organs were removed, fixed, embedded in wax 
and processed for histological sections as reported 
earlier (Alam et al., 1992, 1993). Control group of 
eight rats was administered i.p. injection of normal 
saline and processed similarly as test group.  
 
Biochemjcal analysis  

 Blood analytes; sugar, urea, creatinine, 
chloride, sodium, potassium, bicarbonate, protein; 
and enzymes (lactate dehydrogenase, LDH; creatine 
kinase CK; aspartate aminotransferase, AST; 
alanine aminotransferase, ALT, alkaline 
phosphatase, ALP) were analyzed by automated 
chemistry analyzer 912 (Hitachi 912, Roche 
Diagnostics, Basel) with full calibration and 
controls of normal and pathological indices. Blood 
osmolality was also determined and reported as 
milliosmol/kg as compared to control rats (190±4.8 
mosmol/kg). Each test was repeated atleast twice 
and results were reported as Mean±SE. The blood 
hepatic parameters (liver function tests profile, 
gamma-glutamyl transpeptidase γGT and AST) were 
also analyzed as routine to ensure the existence of 
hepatotoxicity of PvHTxIIE. Circulating calcium 
level and its compensatory ion phosphate was 
determined by automated analyzer (Hiatchi 912, 
Roche Diagnostic, Basel) using standard procedures 
recommended by the manufacturer, to assess the 
extent of renal injury. 

Urinalysis 

 To collect the required analytical quantity of 
urine from rats, each rat, before sacrifice at the 
specified time period was picked and squeezed from 
abdomen with slight pressure, which assures their 
urination. For collection, a small-sterilized glass 
tube was placed at the penile end, and all urination 
was carried out in a single tube. The content of tube 
was centrifuged at 8,000 rpm, separated in three 
aliquots and analyzed for urinary urea, creatinine, 
sodium and protein. If quantity collected was more 
than 2.0 ml, the sample was processed for urinary 
osmolality and reported as milliosmol/kg in 
comparison with control group (100±5.68 
mosmol/kg). 
 
Statistical analysis 
 The results were statistically analyzed using 
Microsoft computer program, SSP version 10 
(Microsoft Inc, USA) by applying Student's t-test, 
one and two way ANOVA and repeated ANOVA 
with significant P value less than 0.05 (P < 0.05). 
 
Chemicals and animals 

 All chemicals for analysis are reagent grade 
and obtained from commercial source. Twenty-eight 
male albino rats, apparently healthy (150-200 gm) 
were housed as 4/cage, and allowed to consume 
water and feed ad libitum. 

 

RESULTS 
 

Assessment of kidney and hepatic functions 

 Figures 1-3 describe the time-dependent 
alteration in hepatic and kidney function in test 
groups of animals. Several blood and urinary 
parameters were determined to evaluate the role of 
kidneys and the concomitant effect of PvHTxIIE on 
kidney function. Initially, all parameters; osmolality, 
urea, creatinine, chloride, sodium, potassium, 
bicarbonate, and protein were found at a 
comparative concentration to controls. However, 
disruption of renal function starts at 12th hour which 
remains impaired, although non-significantly, upto 
48 hours. The parameters most significantly altered 
(P < 0.01) were osmolality, urea, creatinine, 
potassium and calcium (Fig. 1A, B). Marked 
impairment   of   renal   function,   as   indicated   by  
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 Fig. 1. Time-dependent changes in kidney function test profile in blood of albino rats after a single dose of cyto-
hepatotoxin PvHTXIIE. The results are expressed as Mean±S.E. (A): Osmolality, Urea, Chloride, Sodium, 
Bicarbonate. Osmolality compared with control, significant alteration (P < 0.05) at 6 hr, 12 hr, 48 hr; P< 0.01 24 hr, 36 
hr; Urea P < 0.05 at 12 hr to 36 hr; Chloride, Sodium and Bicarbonate, NS. Comparison within different time 
intervals; Osmolality 6 hr vs 12 hr and 24 hr, and 36 hr vs 48 hr P < 0.05; 6 hr, 12 hr vs 24 hr and 36 hr P < 0.001. 
Urea, Chloride, Sodium and Bicarbonate, Non-significant (NS) (B): Creatinine, Potassium, Calcium, Phosphate, and 
protein. Comparison with control; creatinine 12 hr to 48 hr significance alteration at P < 0.05; Potassium 24 hr and 36 
hr P < 0.01; Calcium 24 hr P < 0.05; Phosphate 6 hr and 12 hr P < 0.05; Proteins NS. Comparison within different 
time intervals in test group, NS. 
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 Fig. 2. Time-dependent changes in kidney function test profile in urine (A) and hepatic (B) parameters (IU/L) of 
albino rats after a single dose of cyto-hepatotoxin PvHTXIIE. The results are expressed as Mean±S.E. (A): Urinary 
Osmolality, Urea, Creatinine, Sodium and Potassium. Comparison with control; Osmolality 6 hr (p< 0.05), 12 hr to 36 
hr (P < 0.01); Urea 12 hr to 36 hr (P < 0.05); Creatinine, Potassium, sodium, non-significant (NS). Comparison within 
different time intervals of test group, Osmolality and Urea 24 hr vs 6 hr and 12 hr, 36 hr and 48 hr P <0.05. Creatinine, 
Sodium and Potassium-NS. (B): Hepatic (ALT, ALP, GGT, LDH), and Muscle (CPK) Parameters. Comparison with 
control; ALT 24 hr and 36 hr P < 0.05, ALP 12 hr to 36 hr P < 0.05, GGT and LDH 36 hr P < 0.05. CPK-NS. 
Comparison within different time intervals in test group; ALT 6 hr, 12 hr, 48 hr vs 24 hr P < 0.05; ALP 6 hr vs 24 hr P 
< 0.05; GGT, LDH, CPK-NS. 
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 Fig. 3. Histopathological changes in kidneys of albino rats by a single dose of cyto-hepatotoxin PvHTXIIE. (A): 
Control with normal morphology (H & E, x 150), (B) Tubular dilatation (long arrows) (H & E, x 350), (C) Epithelial 
diaquamation (arrow head), (H & E, x 750). 

 
abnormal levels of chemical analytes, was noted at 
24th hour. Levels of urinary urea, osmolality, 
creatinine, sodium and potassium were also found to 
be altered, most significantly (P < 0.01) at 24th hour 
(Fig. 2A). In similarity with blood, urinary system 
exhibited disparity, which was occurred at 12th hour 
and subsided at 48th hour. 
 Gradual increase of hepatic enzymes (ALT, 

AST, ALP and γGT) (Fig. 2 B) level was also noted 
at 12th hour, presenting significant increase at 24th 
hour and subsiding after 36 hours. No significant 
alteration or effect was noted on LDH and CPK 
enzyme levels. 
 

Histpathological examination  

 Histopathological studies of kidney tubules 
and glomerulus in test group show mild to moderate 
morphological changes at 24th hour (Fig. 3 B, C) as 
compared to normal groups (Fig. 3A). Dilatation of 
tubules (3B) and presence of tubular epithelial 
disquamation (3C) was noted at 24 hours. No 
significant changes were noted in groups of testing 
periods 6th, 12th, 36th, and 48th hours. 

DISCUSSION 
 
 In present study, we describe the nephrotoxic 
effects of a hepatoxin, PvHTxIIE, from 
contaminated shellfish, Perna viridis. Marked 
impairment of renal function was noted by a single 
dose of PvHTxIIE in experimental animals causing 
alteration in osmolality, urea, creatinine, chloride, 
sodium, potassium, bicarbonate and protein. 
However, evaluation of results suggested that this is 
not a direct effect, rather a manifestation occurred 
during metabolism and elimination of the toxin 
through renal system, mainly kidney tubules. 
Disruption of renal function starts at 12th hour 
which remains impaired, although non-significantly, 
upto 48 hours. The parameters most significantly 
altered were osmolality, urea, creatinine, potassium 
and calcium. Marked impairment of renal function, 
as indicated by abnormal levels of chemical 
analytes, was noted at 24th hour. Levels of urinary 
urea, osmolality, creatinine, sodium and potassium 
were also found to be altered, most significantly at 
24th hour. In similarity with blood, urinary system 
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exhibited disparity, which was occurred at 12th hour 
and subsided at 48th hour. Alteration of plasma and 
urinary osmolality was a significant pointer 
exhibiting impairment of absorption, distribution 
and utilization mechanism of macro and micro 
chemical components present in body fluids. 
Osmolality represent the collection of glucose, 
potassium, sodium and urea flowing through 
cellular and fluid components of the body and 
presents energy, ionic-channels and metabolic end-
product processes of the living system. Alteration of 
electrolytes, sodium and potassium also of 
significant importance, resulting in possible 
impairment of ionic channels causing unnecessary 
accumulation of macro and microelements in cells 
or sudden elimination, resulting in cellular 
disruption and histopathological alteration; as 
observed in present study in kidney tubules. 
 Previously done studies suggested that 
shellfish toxins, such as gonautoxin, are excreted 
through glomerular filtration (Andrinolo et al., 

2002), which cause alteration in creatinine clearance 
through kidneys. The pathophysiology was 
described as vascular hypotension, that is 
responsible for reduced glomerular filtration rate 
(Andrinolo et a., 2002). A few earlier studies also 
pointed out related clinical conditions such as 
hypertension, hepatic failure, altered hemodialysis 
state and concomitant fatality (Hines et al., 1993; 
Carmicheal, 1996; Gessner et al., 1997). Moreover, 
previously, hepatic and renal toxicity of shellfish 
toxins were also described by several in-depth 
studies (Fettman et al., 1985; Hooser et al., 1989; 
Kotak et al., 1996; Alam and Qasim, 1997). 
Furthermore, cytotoxic response and cellular ion 
influx by shellfish toxins, was also demonstrated by 
various methods in animals and cell cultures 
(Harada et al., 1994; Alam and Qasim, 1997; 
Morales- Tlalpan and Vaca, 2002). 
 Nobre et al. (1999) reported that induction of 
microcystin-LR, a toxin obtained from cyano-
bacteria, Microcystis aeruginosa, in animals cause 
alteration of kidney function parameters, renal 
vascular resistance, glomerular filtration rate and 
urinary flow. They have observed that microcystin-
LR impairs the renal function, probably causing 
glomerular lesions, and promoting renal alteration, 
either through direct or indirect action (Nobre et al., 

2001). In present study, we have noted moderate 
histopathological changes manifested in tubules and 
glomerulus, although not probably induced by a 
direct action of PvHTxIIE, but a manifestation of 
elimination process of toxin through renal system. 
However, even such a moderate level of histological 
alteration caused marked impairment of renal 
function parameters, such as urinary osmolality and 
urea, and blood potassium levels. Nobre et al. 

(2001) suggested that such type of renal changes 
occurs probably by damaging both vascular and 
glomerular sites. Histopathological examination in 
present study showed epithelial disquamation in 
tubules, tubular dilatation and infiltration of cellular 
debris in kidneys after exposure to PvHTxIIE, 
notably at 24th hour. Prior to 24 hours, as well as 
after 24 hours, no histopathological changes in 
kidneys was noted in any of the experimental 
animals, suggesting that elimination of toxins starts 
probably between 18 to 24 hours after 
administration of toxin. Moreover, absence of any 
such histological manifestation at 36 hr to 48 hr also 
suggests that elimination of toxin, PvHTxIIE, from 
renal system was completed before 36 hours. This 
reveals a distinguished behavioral characteristic of 
PvHTxIIE, unlike other shellfish toxins, which 
sometimes take 2 to 8 weeks of elimination period 
in experimental dosing in oysters (Plakas et al., 

2002, 2004). 
 Alteration of urinary excretion and renal 
clearance is reported to be one of the clinical signs 
of shellfish toxicity, which in some cases, tends to 
form anuria. Andrinolo et al. (2002) reported decay 
in urine excretion in animals, when administered 
gonyautoxin. Anuria was also noted few hours after 
toxin administration. It is suggested that when the 
arterial pressure is reduced, renal flow is also 
decreased. If the fall is greater than 55%, the 
mechanism of auto-regulation at the juxta-
glomerular level is surpassed and cannot overcome 
this drastic fall, which leads to anuria. Severe case 
of anuria has been described in human patients 
intoxicated with PSP toxin (Montebruno, 1993). 
Studies performed in experimental animals 
regarding accumulation and elimination of shellfish 
toxins also provided useful information related to 
duration of toxin presence, its metabolism and 
probable ability to induce clinical and pathological 
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conditions in living systems (van Dolah and 
Ramsdell, 2001; Plakas et al., 2002, 2004; Wang et 

al., 2004). It was noted that elimination of brevet ox 
in PbTx-1 and PbTx-2, from algal bloom Karenia 

brevis, present in contaminated oysters (Crassostrea 

virginica) takes place within 2 weeks after 
experimental dosing (Plakas et al., 2004). Moreover, 
it was also observed that different shellfish toxins 
have distinct elimination period ranging from 2 to 8 
weeks (Plakas et al., 2002). 
 Alteration of calcium level also plays an 
important role in enhancing the toxic effect induced 
by shellfish and algal toxin. We have demonstrated 
a significant calcium influx after the administration 
of PvHTxIIE in experimental animals (Alam and 
Qasim, 1997). Nobre et al. (2001) also suggested 
that the increase in perfusion pressure could be 
related to alteration in the homeostasis of cellular 
calcium. Use of indomethacin and dexomethason 
and their respective protective effect suggest a 
significant role of prostaglandin and calcium in the 
alteration triggered by shellfish toxin (Nobre at aI., 

2001). Similarly several other previous studies have 
suggests a major role of extracellular calcium for 
"maitotoxin" effect in a wide range of cellular 
preparations (Gusovsky and Daly, 1990; Sorrentino 
et al., 1997; Escobar et al., 1998). Morales-Tlalpan 
and Vaca (2002) suggested that maitotoxin effect is 
potentiated by increments in the intracellular 
calcium concentration through mediation of non-
selective cation channels. It was also suggested that 
a more complex mechanism, such as calcium 
calmodulin interaction or calcium-dependent 
phosphorylation process might be involved in the 
activation of non-selective cation channels by 
shellfish toxins (Morales-Tlalpan and Vaca, 2002). 
 In conclusion, we have described the nephro-
toxic effect of a shellfish hepatotoxin, PvHTxIIE, 
after a single dose in experimental animals. The 
toxin induced marked alteration of renal system, 
manifested through alteration in kidney function 
parameters such as urinary osmolality, urea, 
creatinine and blood potassium levels. However, 
after thorough assessment of results, it is suggested 
that the nephrotoxic effect induced by PvHTxIIE is 
not a direct one, but a patho-physiological 
manifestation occurred during metabolism and 
elimination of toxin through renal system. 
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