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ABSTRACT 

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is a by-product o f  t he 

trichlorophenol (herbicide) production and is also produced through a variety of 

combustion processes. It appears that TCDD is a ubiquitous chemical, particu

larly in industrialised countries, and the liver is the target organ of its toxicity. The 

prominent hepatotoxic effect of TCDD is progressive centrilobular necrosis. The 

isolated rat liver perfusion system approaches the normal physiology of the liver 

and is ideal for studying biochemical alterations of the liver since hepatocytes are 

easily exposed to various concentrations of chemicals with minimum neural-hor

monal effects. In this study, the liver was perfused with Krebs-Henseleit butfer 

containing different concentrations of TCDD (0.3, 3, 20 and 30).lg/L). During the 

perfusion many factors including gross liver appearance, bile formation, and ami

notransferase activities were assessed as indicators of liver viability. Consequently, 

sections of liver tissue were examined for any histopathological changes. The 

results showed that histopathological changes in liver tissues were related in a 

dose-dependent manner to TCDD concentrations. In this instance doses of 20 and 

30 ).lglL caused a significant (p<0.05) histopathological change in liver sections. 

Liver necrosis and hemorrhage were also increased significantly in a dose-depen

dent manner. 
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INTRODUCTION 

The environmental pollutant 2,3,7 ,8-tetra

chlorodibenzo-p-dioxin (TCDD) has received much at
tention over the past few decades.! It is a highly toxic 
compound which is found as a contaminant in phenoxy 
acid, herbicides, chlorophenol, and also as a by-product 

during synthesis of industrial halogenated compounds. 

It has also been produced by various combustion pro-
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cesses.2.' The amount of TCDD increases as the tem

perature and pH (alkalinity) of the reaction increases 

since they make the compound more stable to breakdown 
by acids, bases, heat and hydrolysis.34 Therefore, these 
are important factors which contribute to the widespread 

environmental problems of TCDD.' Moreover, because 

of the lipophilicity of TCDD, it bioaccumulates in the 
food chain (fish, wild life, and human adipose tissue, 

milk, and serum)' and has been found in deep soil (highly 

resistant) which will be destroyed when exposed to sun
light. 5 Due to the ubiquitous nature of TCDD, it is found 

in most industrialized countries.4 
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6 1) Perfusion reservoir 
2) Water bath (37°C) 
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5) Temperature controlled surgery table 
6) Carbogen reservoir (95% 02, 5% C02) 

Fig. 1. Schematic diagram of a rat liver. perfusion system. Catheters are inserted into the portal vein and inferior 

vena cava. Perfusion is pumped from a central reservoir by an oscillating pump through an 80 !lm nylon filter. 

Before entering the liver oxygenation takes place through an oxygenator containing 95%02 and 5%C02. 

Toxic effects of TCDD include wasting syndromes 
(which can lead to death), porphyria, fibrosis, fatty meta
morphosis and liver degeneration. Liver degeneration and 
immunobiological effects are the most important re
corded symptoms.2•6 The immun9depressant effect of 
TCDD appears to be selective and in any case differs 
from the non-specific immunodepression induced by clas
sic cytotoxic agents.7 Accumulation of TCDD in the liver 
may produce a variety of effects such as hyperplastic 
nodules and hepatocellular carcinoma.8 In this study iso
lated rat liver perfusion was employed to study TCDD 
hepatotoxicity ami its correlation to histopathological 
changes. 

MATERIAL AND METHODS 

Animals 

Male albino Wistar rats (6-8 weeks) weighing 200-
250g were 'used in this experiment. They were housed 
individually in standard rat cages in a room on a 12h 
light-dark cycle at 22°C and 50±5% relative humidity, 
with free access to standard diet and tap water until use. 
The animals were adapted to the conditions for 7 days 
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before starting of the experiments.9-IO 

TCDD 

2,3,7,8-tetrachlorodibenzo-p-dioxin was purchased 
from Sigma Co. The substance was dissolved in distilled 
water/DMSO (10: 1) and kept in the dark.9 

Experimental design 

Rates were divided into four treatment groups and 
one control group. Each group contained four male rats 
and their livers were perfused by a single dose of 0.3, 3, 
20 and 30 J..I.g/L of TCDD, respectively. Control livers 
were perfused with the perfusion buffer. Following the 
preliminary study, the dose of 20J..l.g/L was chosen for 
the rest of the study in order to evaluate the toxicity of 
TCDD.9 

Buffer 

Perfusion fluid was made of Krebs-Henseleit buffer. 
The perfusion medium consisted of 118.9 mM NaCl, 4.76 
mM KCl, 1.19 mM KHl04, 2.55 mM CaCl2 and 24.8 
mM NaHC03 at 37°C. Glucose (1 % w/v) is usually added 
to provide an energy source. II The perfusion medium was 
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Fig. 2. The surgical removal of the liver for isolated perfusion. 

gassed continuously with carbogen (95%02' 5%C02) 
(Fig. 1). 

Perfusion conditions and parameters of liver viabil

ity 

Temperature, perfusion pressure, flow rate and per
fusion fluid pH were closely monitored during the per
fusion, particularly during the first 30 min of equilibra
tion.11 These parameters were initially checked every 10 
to 15 min and the experiment was not begun until they 
had reached constant and acceptable values. The tem
perature in the perfusion system was also set and main
tained at 37°C. P erfusion pressure was not raised above 
10-15 em of water with a flow rate of approximately 2 
mLimin/g liver weight to provide adequate oxygenation. 
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The perfusion fluid pH was always set between 7.2 and 
7.4 by adjusting the CO2 gases. As soon as perfusion 
was begun, the liver developed an even, light-brown 
color, was soft and was kept moistened. Blotches or dis
coloration meant that the liver was not well perfused. 
Serum aminotransferase activities (SGPT and SGOT) 
serve as indicators of liver viability during perfusion 
which were determined in samples of perfusion medium 
(Fig. 3). 

Surgery 

The rats were anesthetised with ether. Heparin (500 
units; LP.) was used to prevent blood clotting prior to 
anesthesia.II•1

2 
An incision was made along the length of 

the abdomen to expose the liver. The bile was collected, 
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sutures were placed loosely around the common bile duct, 
which then was cannulated with PE-lO tubing and se
cured. Sutures were then placed loosely around the infe
rior vena cava, above and below the renal veins. The 
distal suture around the vena cava was tightened and an 
18g polyethylene catheter was inserted, placed above the 
renal vein and secured with the proximal suture. The 
portal vein was immediately cannulated with an 18g cath
eter which was secured. The diaphragm was incised and 
the inferior vena cava ligated suprahepatically. Follow
ing attachment of the perfusion tubing to the cannulate, 
the liver was perfused in situ through the portal vein. II 

Following 30-45 min, 20 )lg/L of TCCD was perfused 
for 2hr and samples of perfused fluid were collected for 
assessment of any liver injury (Fig. 2). 

Histological studies 

The liver was completely excised and freed of any 
extraneous tissue. Multiple samples were then taken from 
each liver (mean 3 mm) and placed in 10% neutral buff
ered formalin. The liver was cut into small pieces, sec
tions prepared and stained by Eosin-Hematoxylin and 
examined for histopathological changes. Sections were 
analysed blind and the extent of hemorrhage and necro
sis graded separately (0 to +3).12 1) Hemorrhage was 
evaluated according to the extent of hemorrhage as fol
lows: If one lobule of liver showed hemorrhage, this was 
graded as +, two lobules of liver were graded as ++ and 
if all of the lobules showed hemorrhage this was graded 
as +++. 2) Necrosis was evaluated both macroscopically 
and microscopically in different samples of liver tissue 
according to the extent of necrosis and degeneration as 
follows: If one lobule of the liver showed necrosis, this 
was graded as +, two lobules of the liver would be graded 
as ++, and if necrosis was present in all the lobules of 
the liver, this was graded as +++, 3) Kupffer cells were 
scored according to the following: If primary injury oc
curred this was scored as +, mild injury was scored as 
++ and if severe injury had occurred, it was scored as 
+++. 

Statistical analysis 

All values were expressed as mean±SEM of 4 rats. 
Fisher's exact test was used to evaluate the significance 
of the obtained results. All computations were made by 
a computer using statistical analysis system (SAS) soft
ware. 

RESULTS 

Histopathological changes in the liver due to TCCD 

In comparison with control (Table I), perfusion of 
rat liver with Krebs-Henseleit buffer containing various 
concentrations of TCCD (0.3, 3, 20 and 30 )lg/L) showed 
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Fig. 3. Evaluation of viability of the perfused rat liver by dif

ferent parameters. 

a concentration-dependent increase in histopathological 
changes of liver tissue sections. Perfusion of 0.3 and 3 
)lg/L TCDD had no significant effect on the liver tissue. 
However perfusion of 20 and 30 )lg/L of TCDD caused 
significant histopathological damage of liver tissue when 
compared to control (p<0.05, p<O.OI, respectively). 
Maximum damage was observed with the dose of 30 )lg/ 
L TCDD (Table I). 

Light microscope observation 

Histopathological studies using a light microscope 
showed significant hepatocellular damage including ne
crosis and infiltration due to TCDD (Fig. 4b) when com
pared to control (Fig. 4a). In addition, other histopatho
logical parameters including the number of Kupffer and 
mononuclear cells, edematous cells and cell degenera
tion had changed significantly with TCDD concentra
tions of 0.3, 3, 20 and 30 )lg/L (Table 1). 
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Table I. Histopathological effects of TCDD using rat liver perfusion. 

Histopathological parameters Control TCDD (�gIL) 

0.3 3 20 30 

Kupffer cells + + ++* +++** +++** 

Edematous cells + - + ++* +++** 

Mononuclear cells + + + +++* +++** 

Degeneration - - + ++* +++** 

Necrosis - - - +* +++** 

- No effect, +Minor effect, ++Medium effect, +++Major effect. 

*p<O.05, **p<O.OI, significantly different from control using Fisher's exact test. Data 

are means of three replicates. 

Fig. 4. Photomicrograph of the lobules from control and 

TCDD-treated liver. Control shows red blood cells (REC), 

hepatocytes (H) and central veins (CY). Staining shows the 

cytoplasm was acidophilic and surrounded by a bright baso

philic nucleus (a). TCDD perfused liver (20llg/L) shows lim

ited changes in lobules of liver and hepatocellular necrosis 

(N) with infiltration (IN) of mononuclear cells and accumula

tion of necrotic Kupffer cells (K) with pyknotic (P) nuclei 

(b). 
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DISCUSSION 

The liver has been identified as the primary and most 
important tissue target for 2,3,7,8-TCDD in rats. 13 Our 

data showed that administration of TCDD causes edema 
which can be assessed by histopathological examination 
(Table I). This finding is in agreement with the fact that 
an oncotic agent can cause increase in pressure. 14 In ad
dition, isolated organs have a time-dependent tendency 
to absorb water, as with a relatively protein-free medium 
water gradually escapes from the vascular space and 
therefore interstitial edema develops.'2"s Histopathologi
cal examinations revealed significant hemolysis as as
sessed by the hemolytic index (Fig. 4b). This can be due 
to altered calcium hemostasis concomitant with a sig
nificant increase in cytosolic calcium as has been previ
ously reported for TCDD in the liver.6 Moreover, the 
disturbances of intracellular calcium homeostasis have 
been shown to be associated with a variety of toxico
logical and pathological processes.17,18 Accumulation of 
TCDD in the liver as the target organ has been shown to 
cause degeneration.2 In a similar manner the results of 
this study also showed liver degeneration (Table I). This, 
in fact, could be as a result of TCDD receptor binding 
which is sufficient to affect different cells.'9 

In this study significant necrosis was also observed 
in the liver at TCDD doses of 20 and 30 �g/L. TCDD 
induces formation of reactive oxygen species and an 
oxidative stress, resulting in lipid peroxidation,2o.21 which 
may explain the observed necrosis (Fig. 4b). We have 
also observed cell death followed by cell proliferation 
with hyperplasia and hyperplastic nodules in Kupffer 
cells by TCDD. Similar findings were reported for chlo
rinated hydrocarbon pesticides by Essigman and 
Newberne,22 Therefore, the results of our study, in agree
ment with others, 13·16,20.22 demonstrate that liver perfusion 
is a suitable model to study the hepatotoxicity of chemi-
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cals (i.e. TCDD). More studies, however, are needed to 
further elucidate the exact mechanism by which TCDD 
induces hepatotoxicity. 
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