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Periportal Necrosis in Rat Liver Exposed to Sodium Nitrite-induced Hypoxia
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Abstract: Liver is a multifunctional vital organ that plays essential roles in metabolism, biosynthesis,
excretion, secretion, detoxification and glycogen storage. These processes require energy, making the liver
a highly aerobic, oxygen-dependent tissue. These processes also impart vulnerability of the liver to
hypoxia/anoxia. Liver hypoxia occurs in a number of clinical conditions such as cirrhosis, portal vein
thrombosis,  low cardiac output and generalized hypoxemia and can contribute to liver atrophy and/or
acute liver failure. Many studies have shown that hepatic tissue is quite vulnerable to hypoxic injury. In
this study the effect of chemical hypoxia induced by sodium nitrite was explored on the morphology of
the liver in adult rats. Male Wistar rats were fasted for 3 hours prior to subcutaneous injection of sodium
nitrite (75mg/kg). After one hour the animals were decapitated and liver were processed for hematoxylin
and eosin (H & E) staining. 5 μm thin sections were cut in the coronal plane and examined. Livers of
the hypoxic rats were morphologically assessed for any changes as compared to the control rats. It was
found that sodium nitrite-induced hypoxia results in severe necrotic changes in the hepatocytes in
periportal region of the liver. The centrilobular (perivenous) region was spared. 
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INTRODUCTION

The liver has a high metabolic activity and
therefore its energy demands are significant. The design
of the liver microvasculature serves to minimize the
distance of oxygen diffusion from sinusoid to cell.
Blood enters the periphery of the lobule via the hepatic
artery and portal vein, continues through sinusoids, and
drains into the central vein at the lobule's center. A
lobule is often described as being organized into three
zones: periportal (upstream or zone 1), which encircles
the portal tracts where blood enters, middle (zone 2),
and perivenous (downstream or zone 3), which is
poorly oxygenated and located around central vein[1].
Since various substances are removed or added to
blood during its passage through the liver lobule,
gradients of metabolic substrates, waste products,
hormones, internal secretions, and so forth are created.
Oxygen in particular, is extracted during its passage
through the liver. O2 gradiant decreases from periportal
to pericentral region so hepatocytes located near the
portal region have higher levels of oxidative
metabolism as a result not only have higher activities
of succinate dehydrogenase and cytochrome oxidase,
but they also contain mitochondria that are larger,
rounded and have more cisternae to sustain higher
levels of oxidative reactions[2]. In vivo, an oxygen

gradient of 40 to 60 torr exists across the lobule
indicative of a high degree of oxygen extraction from
the blood[3]. In addition to these flow-induced gradients,
there are numerous important structural, biochemical,
and functional differences between the various regions
of the liver lobule[4,5,6]. Based on the lobular
distribution of hepatic enzymes, Jungermann and
Sassy[6] concluded that periportal hepatocytes are
adapted to gluconeogenic and oxidative processes,
whereas centrilobular hepatocytes are specialized for
glycolysis.

Hypoxic liver injury (HLI) has been described in
patients who are markedly hypoxemic due to chronic
respiratory failure or sleep apnea syndrome[7,8,9].
Hypoxic liver injury is a common condition usually
caused by insufficient hepatic perfusion in a patient
with liver congestion. Liver biopsies and autopsy
studies show centrilobular necrosis. Multiple episodes
of HLI may produce so-called cardiac sclerosis, with
fibrous bands around the central vein and eventually
cardiac cirrhosis with fibrosis bridging adjacent
centrilobular areas. Liver biopsies have shown
sinusoidal obstruction by sickle cell thrombi and mild
centrilobular necrosis[10].  

Cellular response to hypoxia involves multiple and
complex events. Several studies indicate that the
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intracellular ATP plays a major role, most probably by
preserving ionic homeostasis. An inadequate supply of
ATP impairs the cell's ability to perform critical
functions, and may therefore contribute to cell death.
Thus when metabolism and membrane functions are
decoupled, the cells become sensitive to hypoxia[11].
However, the naturally occurring acidosis of ischemia
and hypoxia delays onset of necrotic cell death by as
much as hours[12, 13]. Reduced ATP levels in the liver
are one major factor that contributes to liver cell
death[14]. The sequence of events from ATP depletion
to cell death may involve altered membrane
permeability and disruption of ion homeostasis i.e.,
increased free intracellular Ca2+, concentrations and
increased hydrolysis of membrane phospholipids
leading to cell damage or even to cell death[11]. It has
been shown that fructose can protect against hypoxic
damage in the liver[15] and after simple respiratory
inhibition, glycolytic substrates prevent cell death by
providing an alternate source of cellular ATP[16].
Comparing the effect of hypoxia on well fed rats and
fasted rats, this was suggested that nutritional status is
an important determinant of damage to hepatocytes due
to hypoxia[17, 18]. Hypoxia has already been shown to
decrease amino acid and protein synthesis in isolated
hepatocytes prior to ATP loss[19]. Inhibition of protein
synthesis is an early event and consequently a sensitive
marker for chemical-mediated hepatocyte damage[20, 21].
Calcium may also play an important role as a regulator
of cytoskeletal structure and function[22]. For these
reasons, an understanding of how liver cells die and
how such cell death can be modulated is of obvious
clinical relevance.

Objectives:  The present study was designed to
determine the morphological changes in rat liver
following exposure to sodium nitrite-induced hypoxia.

Materials and Methodology: 
Chemicals: All drugs and chemicals used in the
present study were of high analytical grade and were
obtained from Sigma-Aldrich Co. Sodium nitrite was
dissolved in normal saline

Experimental Animals: All experiments were carried
out with male Wistar rats weighing 160-180g, obtained
from Experimental Animal Care Center, King Saud
University, Riyadh, Saudi Arabia. The animals were
housed in stainless steel cages (five animals/cage) and
were fed with a standard laboratory diet and tap water
ad libitum. All animals were kept at standardized
laboratory conditions (25±5 oC, 55±5% humidity, and
a 12 h light/dark cycle) for one week before the
experiments. The animals were fasted for 3 hours prior
to drug administration.

Experimental Protocol: Animals were divided into 2
groups and were treated as follows: Group I (n= 2
rats): served as control and received normal saline,
Group II (n= 6 rats) served as hypoxic rats and
received sodium nitrite (75 mg/kg) subcutaneously).
After one hour of sodium nitrite injection, all rats were
sacrificed by cervical decapitation, livers were removed
for histological assessment. All experiments were
carried out according to recommendation of King Saud
University of Experimental Animals Ethics Committee
which is matched with international ethics for handling
of experimental animals. The dose of sodium nitrite
used in the current study matched with that in the
literature[23].

Tissue Preparation: The livers were placed overnight
in fixative containing 10% formalin and then were
paraffin- embedded for hematoxylin and eosin (H and
E) staining and cut at 5 μm in the coronal plane.
Livers of the hypoxic rats were morphologically
assessed for any changes as compared to the control
rats. 

Results: Compared to livers of the normal rats (1a),
severe morphological changes were detected in the
livers of the hypoxic rats  (1b). The periportal zone
showed marked necrotic changes. The hepatocytes
showed vacuolization  of the cytoplasm with pyknotic
nuclei.The perivenous zone was spared and showed
intact hepatocytes with homogenous cytoplasm. The
sinusoids were dilated and congested. The integrity and
organizational arrangement of the hepatic lobule
remained intact. (1b, 2a, 2b). 

Discussion: This study has shown that sodium nitrite-
induced hypoxia resulted in extensive vacuolization 
and degeneration of hepatocytes in periportal region
sparing the perivenous region. The general arrangement
of the hepatic cords and the sinusoids was not
disturbed.  

Many studies have shown that hepatic tissue is
quite vulnerable to hypoxic injury especially in
centrilobular regions which are furthest from the
oxygen supply[17,24]. It was demonstrated that inadequate
oxygen delivery to the isolated, perfused rat liver led
to selective centrilobular anoxia and injury in which the
normoxic periportal hepatocytes were spared[25]. The
changes included marked shrinkage of hepatocytes,
enlargement of sinusoids, and dilation of sinusoidal
fenestrations. Anoxic stress leads to prominent
alterations of the hepatocellular cell surface mediated,
apparently, by a disruption of the underlying cortical
cytoskeleton[26]. At the initial stage of hypoxia, hepatic
blood flow increased due to vasodilatative effect of
hypoxia,  and  at  the terminal stage of severe hypoxia 
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Fig. 1: Section from normal (1a) and hypoxic (1b) liver × 20. cv = central vein, pt = portal triad, hc = hepatic
cord, hs = hepatic sinusoid. The hepatic cords are generally one cell layer thick and the cytoplasm of the
cells is homogeneous in normal liver. Note the dilated, congested sinusoids and damaged hepatocytes in
the periportal zone in hypoxic liver.

Fig. 2: Section from hypoxic liver. (2a× 20, 2b× 100).  pt = portal triad, hs = hepatic sinusoid. Arrows indicate
vacuolated hepatocytes in the periportal zone.

for 50 minutes or longer, hydropic swelling of the liver
cell and of the Kupffer's cell, being followed by rapid
and marked decrease in hepatic blood flow, occurred[27].
A study on isolated perfused rat liver showed a
decrease in oxygen consumption and bile production of
the liver along with decrease in oxygen content of the
portal vein blood, but the liver cell unexpectedly
maintained oxygen uptake and bile production
suggesting that the liver cells were rather tolerant to
hypoxic condition[27]. It has also been reported that

hypoxia results in various degrees of centrilobular
damage ranging from focal necrosis to massive
confluent necrosis with accompanying inflammatory
reaction[18]. El-Sokkary et al.[28] reported severe
morphological changes (necrosis, dilated congested
blood vessels, collection of inflammatory cells,
condensed heterochromatic with irregular outlines
nuclei and mitochondrial degeneration) in the liver of
hypoxic mice. 
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Cell death after hepatic ischemia/reperfusion occurs
primarily in hepatocytes and sinusoidal endothelial
cells[18, 29, 30, 31]. Angermüller et al.[32] investigated the
alterations of sinusoidal cells in the pathogenesis of
liver injury caused by hypoxia and reperfusion and
found that the parenchymal cells were severely
damaged in contrast to sinusoidal lining cells, which
showed minor signs of injury. Although hepatocyte
vacuolation, blebbing, sinusoidal congestion, and portal
and focal hepatitis have been seen in liver histology,
the integrity of the hepatic acinus remains intact. This
suggests that the liver parenchyma is able to resist
against these types of insults[33]. This has been
confirmed with further studies that have demonstrated
that parenchymal cells are not susceptible to damage
under some conditions of ischemia-reperfusion[29].  
In this study the periportal region showed
hepatocellular necrosis sparing the centrilobular region,
suggesting the glycolytic adaptation of centrilobular
hepatocytes. Since centrilobular hepatocytes seem
especially well adapted for glycolysis, they may not be
particularly vulnerable to hypoxic injury[6,26].  It has
been proposed that oxygen gradient across the liver
lobule is an important determinant of zonal
hepatotoxicity[34]. The centrilobular necrosis occurs in
situations of important liver ischemia since the
hepatocytes in this zone are more sensitive to anoxia
as a consequence of the type of characteristic
circulation in the liver[35]. On the other hand, some
investigators studying other non-infectious conditions
have raised the hypothesis that injury with a midzone
predominance is in part the consequence of the
manifestation of low flow hypoxia[36]. 

Periportal and centrilobular regions of the liver
lobule differ in their sensitivity to many hepatotoxins.
The location of hepatotoxicity depends on compound
toxicity: less toxic compounds are likely to damage the
downstream region, whereas compounds that are more
toxic are more likely to damage the upstream region.
For example, several highly toxic compounds such as
TCDD[37], allyl alcohol[34] and  gossypol[38] selectively
damage the upstream zone. On the other hand, less
toxic compounds such as isoniazid[39] and carbon
tetrachloride[40] selectively damage the downstream zone
while tacrine damages centrilobular and midzonal
areas[41].

Another determinant of the selective susceptibility
of different areas of the liver lobule to chemically
induced injury is believed to be the sublobular
distribution of enzymes involved in detoxification, or
activation to more toxic metabolites[34]. Hepatocytes,
although genetically identical, exhibit heterogeneous
enzyme and transporter activities depending on their
location within the lobule. For example, most of the

enzymes involved in the metabolism of such
compounds show distinct differences in basal as well
as inducible expression between perivenous and
periportal hepatocytes, with the main detoxification
enzymes of both phase I and phase II of xenobiotic
metabolism being located preferentially in perivenous
hepatocytes[35]; As a consequence, various exogenous
compounds lead to a preferential damage of
hepatocytes located in either the perivenous or
periportal area of the liver lobule[42]. In addition to
sublobular enzyme activity, substrate delivery and the
availability of necessary cofactors can influence the
zone-specific toxicity of some chemicals[34]. 

Conclusion: It is concluded that sodium nitrite-induced
hypoxia results in severe hepatocellular necrosis in the
periportal region sparing the cells in the perivenous
region and the general organization of the liver tissue
is not disturbed. 
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