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Abstract
Introduction: Obesity is an important risk factor in pathophysiology of non-alcoholic fatty
liver disease (NAFLD) and is accompanied by chronic systemic low-grade tissue
inflammation during which spleen plays an important role. Objective: This study was
designed to evaluate the effect of splenectomy on liver histological alterations caused by high
fat diet using histological, immunohistochemical and biochemical methods. Material and
Methods: Forty five adult male albino rats were divided into three groups; group I (control),
group II (high fat diet) and group III (splenectomy and high fat diet). Liver specimens were
processed for light microscopic examinations using hematoxylin and eosin, Masson's
trichrome and periodic acid- Schiff (PAS) stains. The sections were also
immunohistochemically stained for detection of tumor necrosis factor alpha (TNF-α). Blood
samples were collected for analysis of total cholesterol and triglyceride levels in all groups.
The data were statistically analyzed. Results: The liver tissue of group II showed
degenerative changes that were worsen in group III that showed hepatocytes with vacuolated
cytoplasm and apoptotic nuclei with fat cells in between and inflammatory cellular
infiltration. When compared with group II, group III showed significant decrease in
hepatocytes glycogen, increased TNF-α immunoexpression and decrease in collagen
deposition. There was significant increase in triglyceride and cholesterol blood levels of group
II when compared with group II. In conclusion, splenectomy worsens the degenerative
changes induced in the liver tissue by high fat diet with reduction in fibrotic changes in
concomitant with increase blood cholesterol and triglycerides. Hence, understanding the
spleen role regarding to liver could be helpful to develop appropriate prevention strategies in
order to counteract hepatic deterioration accompanying obesity.
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Introduction
Obesity is an increasing problem in modern societies due to the adoption of rapid lifestyle
which results in high dietary intake of carbohydrates and fat accompanied by reduced energy
consumption (1) . It is associated with many important complications such as diseases of the
gallbladder and liver (2). Obesity was reported to be an important risk factor in
pathophysiology of non-alcoholic fatty liver disease (NAFLD), cirrhosis- associated death (3, 4)
and liver cell cancer (5).
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NAFLD is one of the most common causes of chronic liver disease and many NAFLD
patients having liver fibrosis may be subject to cirrhosis and its complications (6, 7). Almost
one-quarter of adults in many industrialized countries have excessive hepatic fat accumulation
(8, 9)
however the histological mechanism of NAFLD is unclear (3 ). Steatosis (fatty liver) is an
accumulation of fat in the liver and steatohepatitis is when this progresses to become
associated with inflammation (10). Steatosis may be caused by different pathogenic
mechanisms, especially abnormalities of lipid metabolism (11).
Obesity is accompanied by chronic systemic low-grade tissue inflammation (12, 13) with
activation of macrophages, and subsequent local or systemic release of proinflammatory
cytokines (14, 15). Oxidative stress and pro-inflammatory cytokine-mediated hepatocyte injury
are two putative mechanisms thought to be involved in progression to non-alcoholic
steatohepatitis (16).
Increased levels of tumor necrosis factor-alpha (TNF-α), a marker of inflammation, was
noticed in obese patient (17, 18). TNF-α is a cytokine produced mainly by activated
macrophages and in smaller amounts by several other cell types. It functions as a two edged
sword in the liver; it is required for normal hepatocyte proliferation during liver regeneration
and has anti-apoptotic effects. On the other hand, TNF-α is the mediator of hepatotoxicity in
many animal models and has also been implicated as an important pathogenic mediator in
patients with alcoholic liver disease and viral hepatitis (19). Among the proinflammatory
stimuli, TNF-α is a key player in the cascade of events that results in liver injury (20). However,
TNF-α was reported to be belong to pro-apoptotic cytokines (21). Moreover, TNF-α serum
levels were observed to be increased in patients with alcoholic hepatitis, and its levels
correlate inversely with patient survival (22) and in high-fat liquid diet mice (16). Moreover,
previous investigators emphasized the role of immunohistochemical analysis in the diagnosis
and management of non-alcoholic steatohepatitis and they defend the use of molecular
methods in clinical practice to perform differential diagnosis; and, in research, to study
biological targets for novel therapies (23).
These data suggest that obesity is a risk factor for the progressive deteriorating of cellular
immune functions. The pathophysiological mechanisms by which cellular immune functions
are affected by obesity are still under investigation but the spleen may have an important role
(24, 13)
. Although the spleen is the largest lymphoid organ in the human body, it has been
considered a neglected organ and strictly linked to liver. The spleen plays an important role in
the modulation of the immune system and in the maintenance of peripheral tolerance via the
clearance of circulating apoptotic cells, the differentiation and activation of T and B cells and
production of antibodies in the white pulp. Moreover, understanding the spleen function could
be important to develop appropriate prevention strategies in order to counteract the pandemia
of obesity (25).
The frequency of ischemic heart disease observed after traumatic splenectomy and the low
cholesterol levels found in patients with hypersplenism are observations that suggest a
possible role for the spleen in lipid metabolism and in the etiology of atherosclerosis (26).
Spleen-derived IL-10 was concluded by previous studies to protect against inflammatory
responses in white adipose tissue and the liver in obese mice (27). In NAFLD, spleen cells
showed higher levels of inflammatory cytokines with increased proliferation rate of T cells
that may clarify the role of the spleen in this specific pathological process (13). High fat
feeding was reported to promote oxidative stress and apoptosis in the spleen leading to splenic
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hypofunction (27) that was reported to be contributor in the progression of steatosis to
steatohepatitis (6).
Hence, this study was designed to assess the liver histological alterations caused by high fat
diet induced obesity and to evaluate the effect of splenectomy on these alterations using
histological, immunohistochemical and biochemical methods.
Material and Methods: (Experimental study)
Material:
Forty five adult male albino rats, weighing between 150-200 g were used. Animals obtained
from the breading animal house, Faculty of Medicine, Zagazig University. They were housed
at 22 ± 2°C in an air-conditioned room and supplied with standard food with tap water ad
libitum. The experiment was carried out in compliance with the “Guide of the Care and Use
of Laboratory Animals” (28). Experimental protocols were approved by the ethical committee
of the Faculty of Medicine, Zagazig University. One week after acclimatization rats were
randomly divided into three equal groups:
Group I (Control group): included fifteen rats, divided into 3 equal subgroups:
Subgroup Ia (Negative control group): animals were fed standard rat chow.
Subgroup Ib (Positive control group): animals were fed standard rat chow and were
undergo sham operation.
Subgroup Ic (splenectomy group): animals were undergo splenectomy operation.
Group II (High Fat Diet group): included fifteen rats were fed high fat diet for six months.
The high-fat diet contains 30%-50% of kcal fat (29) prepared in Faculty of Agriculture Zagazig
University (210 kcal/100 g/day; 30% fat, 50-52% CH, 18-20% protein 1-2% vitamins and
minerals). The chow, in powder form, was mixed with added 30% - 50% melted animal
abdominal fat until become homogenous in a dough-like consistency. This dough was shaped
in blocks and were dried to be used for feeding the rats (30).
Group III (High Fat Diet with Splenectomy group): included fifteen rats were undergoing
total splenectomy operation and then were fed on high fat diet 3 days after splenectomy for
six months (31). During the study period, the animals were weighed once a week and body
length (nose-to-anus length) was measured to calculate body mass index (BMI) (= body
weight (g)/length2 (cm2)) to estimate obesity. The normal BMI for male adult rats ranged
between 0.45 and 0.68 g/cm2 (32).
Methods:
Histological and Imunohistochemical study:
The animals were sacrificed at the end of the experiment. Their livers were carefully
dissected out and liver specimens from right lobes were fixed in 10% formal saline and
processed to prepare 5μm thick serial sections which were used for staining with hematoxylin
and eosin (H&E), Masson's trichrome stain; for demonstration of collagen fibers and periodic
acid- Schiff (PAS) stain, for demonstration of glycogen (33). The sections were also
immunohistochemically stained for detection of TNF-α using the avidin–biotin peroxidase
method. Paraffin sections were deparaffinized, rehydrated in descending grades of alcohol,
and incubated overnight with the primary monoclonal antibody; a mouse monoclonal
antibody for TNF-α. The kits were obtained from Dako Life Trade, (Egypt; clone 608, code
no. M 616 for TNF-α). Sections were rinsed three times with phosphate-buffered saline
(PBS), and then incubated for 1 h with peroxidase-conjugated secondary antibody, the
universal kit used was biotinylated secondary antibodies and washed three times with PBS.
The positive results for the TNF-α immune reaction were indicated by brown coloration of the
cytoplasm (The reaction was developed with 0.05% DAB (3,3‟Diaminobenzidine)
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(Dakopatts, Glostrup, Denmark) as the substrate for peroxidase, and finally the slides were
counterstained with Mayer‟s hematoxylin (34).
Morphometric study:
The image analyzer computer system Leica Qwin 500, Microsystems Imaging Solutions Ltd
(Cambridge, UK) in the image analyzing unit of the Pathology Department, Faculty of
Dentist, Cairo University, Egypt, was used to evaluate the following parameters.
(a) Area percentage occupied by collagen fibers stained with Masson‟s trichrome stain was
measured using the interactive measure menu using total magnification X100.
(b) Optical density of Glycogen using PAS stain was measured in the cytoplasm of
hepatocytes within 10 fields for each animal at a total magnification X400. Optical density
was measured inside small measuring frames.
(c) Area percentage of positive immunoreactivity for TNF-α. Measurements were performed
with 10 non overlapping fields for each animal using a total magnification of X100.
Biochemical study for measuring lipid profile:
Blood samples were collected via retro-orbital sinus puncture and centrifuged to obtain
plasma which was delivered to the Clinical Laboratory at Zagazig University for analysis of
total cholesterol and triglyceride levels in all groups and data were statistically analyzed (26).
Statistical analysis:
Data for all groups were expressed as mean ±standard deviation (X±SD). The obtained data
were analyzed by SPSS program version 15 (Chicago, USA; „„http//WWW.SPSS.com‟‟).
Statistical analysis using one-way analysis of variance (ANOVA) test for comparison between
different groups was conducted. The results were considered to be statistically significant,
highly significant, and non-significant when the P value was less than 0.05, less than 0.001,
and more than 0.05, respectively.
Results: Histological and immunohistochemical results:
The histological and immunohistochemical studies of control subgroups 1a, 1b showed the
same results. Thus, we chose subgroup Ia as the control group (group I) in the figures. Light
microscopic examination of liver sections stained with H&E stain showed hepatocytes of
control group radiating from the central vein, forming anatomizing plates of liver cells and
separated from each other by sinusoidal vascular. The hepatocytes were acidophilic and
contained central pale stained nuclei (Fig.1A). In the liver sections of high fat diet group
(group II), some hepatocytes appeared with shrunken darkly stained nuclei with fat cells in
between (Fig. 1B). In splenectomy group (group III), hepatocytes appeared enlarged with pale
stained vacuolated cytoplasm and darkly stained nuclei. Fat cells were observed in between
hepatocytes and congested blood sinusoids. Cellular infiltrations were observed around the
central vein (Fig.1C).
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Fig.1: Liver of group I, (1A) showing,
branching and anastomosing cords of
hepatocytes containing central pale stained
nuclei with blood sinusoids in between
radiating from central vein. Group II, (1B)
showing, shrunken hepatocytes with darkly
stained nuclei (thin arrows) with fat cells in
between (arrowheads). Group III, (1C)
showing enlarged hepatocytes containing pale
stained vacuolated cytoplasm and darkly
stained nuclei (thick arrows), widened blood
sinusoids (s), fat cells (arrowheads) and
cellular infiltrations (Inset, I) (H&E X 400).

The liver sections stained Masson‟s trichrome stain showed blue stained few collagen fibers
around central vein in group I which was markedly observed in group II, around central vein
and portal area, and moderately observed in group III (Figs. 2A-C)
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B
Fig.2: Liver of group I showing, blue
stained collagen fibers (arrows) (A)
which is extensively present in group II
around central vein and portal area (B,
inset) and moderately present in group
III (C) (Masson’s trichrome X 400,
inset X200).

C
The liver sections stained with PAS showed deeply stained glycogen granules in hepatocytes
of group I which is decreased in hepatocytes of group II and depleted in hepatocytes of group
III (Figs. 3A-C).

A

B
Fig.3: Liver of group I showing, deeply
stained glycogen within hepatocytes
(arrows) (A) which is decreased in
group II (B) and depleted in group III
(C) (PAS X 400).

C
© 2016 British Journals ISSN 2047-3745

British Journal of Science
March 2016, Vol. 13 (2)

51

Liver sections stained immunohistochemically with anti TNF-α antibodies showed
immunoexpression of TNF-α which was weak in hepatocytes and blood sinusoids of group I,
moderate in group II and strong in group III (Figs. 4A-C).

A
Fig.6: Fig.4: Immunoexpression of TNF-α
within hepatocytes (arrows) is weak in
group I (A), moderate in group II (B)
and strong in group III (C) (TNF-α
X400).

Morphometrical results:
Morphometric study:

The difference between results of control subgroups 1a, 1b were statistically insignificant.
Thus, we chose subgroup Ia as the control group in the morphometrical analysis. Area
percentage of collagen fibers showed significant increase in group II when compared to group
I or group III. When compared with group II, group III showed significant increase in area
percentage of TNF-α and significant decrease in optical density of PAS reactions (Table1).
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Table1: Mean value (± SD) of area percentage of collagen fibers, optical density of PAS
and area percentage of the TNF-α among studied groups.

Group I

Group II

Group III

Area percentage of collagen fibers (±
SD)

3.81±0.211

12 ±1.23*

8.22 ±2.76

Optical density of PAS (± SD)

5.21±0.1

3.4± 0.02

2.1± 0.01*

Area percentage of TNF-α (± SD)

0.36 ± 0.02

0.78±1.01

1.02 ±0.1*

*

significant difference

Biochemical study:
Statistical analysis of triglyceride and cholesterol blood levels showed no statistical
significant difference between mean values of triglyceride and cholesterol levels of control
subgroups 1a, 1b. There was significant increase in triglyceride and cholesterol blood levels
of group III when compared with group II (Table2).
Table 2: Levels of triglyceride and cholesterol (mg/dL) among the studied groups.

*

Group I

Group II

Group III

Triglyceride level (± SD)

232 ±0.179

511 ±0.123

632±0.14*

Cholesterol level(± SD)

115 ±0.18

220 ±0.123

314 ±0.102*

significant difference

Discussion:
Obesity was reported to be an important risk factor in pathophysiology of NAFLD (4, 13).
NAFLD is a clinicopathological syndrome and the cellular mechanisms culminating in this
syndrome remain unclear but are of great interest, because current therapies are limited and
future therapies will be predicated by an understanding of its pathogenesis (11).
In the current work H&E stained sections showed that high fat diet induced degenerative
changes in liver tissue, with fat cells accumulation in between, which were observed to be
worsened when splenectomy was done before high fat diet in the form of pale stained
vacuolated cytoplasm, as a sign of cell necrosis, and darkly stained nuclei of hepatocytes as a
sign for apoptosis. These findings are in consistence with previous investigators who reported
that NAFLD represents a form of lipotoxicity with a wide spectrum of liver damage ranging
from simple steatosis to steatohepatitis to advanced fibrosis and cirrhosis (35). Also, it was
reported that NAFLD has a progressive morphological spectrum and two distinct presentation
forms: the steatosis or fatty liver disease, characterized solely by the deposit of fat in liver
cells, and non-alcoholic steatohepatitis, the most severe form of the disease, in which variable
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degrees of necrosis and inflammation are observed (36). Also, it was reported that hepatocytes,
during steatosis, are fat-laden and swollen, and in steatohepatitis the hydropic change
(ballooning) causes further swelling and also sinusoidal dilatation (13, 30). This could be
explained by previous investigators who reported that free fatty acids appear to be important
mediators of lipotoxicity, both as potential cellular toxins and by leading to lipid over
accumulation(37, 38). They added that when lipids over accumulate in non-adipose tissue; they
may enter non oxidative deleterious pathways leading to cell injury and death.
The observed cellular infiltrations in the current study could be explained by previous
investigators who reported that obesity is a severe metabolic disorder which is believed to
involve a low-grade chronic pro-inflammatory state (12). Moreover, it was observed that during
steatosis, microcirculation is loaded by inflammatory cells (39). Similar finding was observed
in hypothalamus by others who observed that obesity leads to an inflammatory response in the
hypothalamus and onset of metabolic disorders and they attributed that to the obesity-induced
reduction in splenic IL-10 synthesis (27) which was reported by previous investigators to have
suppressing effect on harmful immune responses (40, 41).
In the current study, splenectomy group showed significant reduction in hepatocytes glycogen
content that is in consistence with previous investigators who observed that the high-fat liquid
diet mice showed gradual reduction of glycogen in hepatocytes which was correlated with the
increased expression of inflammation markers(16). That could be explained by others who
concluded that fatty acids may decrease glucose conversion into glycogen (42).
In the current study, high fat diet group showed significant increase in area percentage of
collagen fibers when compared to control group or splenectomy group. This finding is in
consistence with previous investigators who suggested that non-alcoholic steatohepatitis can
end up in perisinusoidal fibrosis and cirrhosis leading to reduction of intrasinusoidal volume
and microvascular blood flow (39); 13). That could be explained by others who claimed that
in NAFLD, lobular inflammation, pericellular fibrosis, portal fibrosis, hepatocellular
ballooning, occurs in consequence of oxidant stress and mitochondrial dysfunction (43). Also, it
was reported that biochemical markers of fibrogenesis are useful in regular monitoring of
disease development and treatment effectiveness and should be an inseparable part of
progression assessment in all-chronic hepatopathies (44). They added that advances in the
understanding of the normal biochemistry of collagen have allowed to define specific levels
of collagen biosynthesis and degradation at which a pharmacologic intervention could lead to
reduced collagen deposition in tissues.
However, splenectomy group III in the current study, showed significant decrease in area
percentage of collagen fibers in the liver when compared to high fat diet group II. This is in
consistence with previous investigators who suggested that splenectomy suppressed chronic
liver fibrosis and also promoted liver regeneration in cirrhotic liver in mice and murine (45, 47).
In a rat choline-deficient L-amino acid model, liver fibrosis and liver preneoplastic lesions
were significantly reduced with splenectomy (48). However, it was observed a dramatic
inflammatory and fibrotic changes in liver tissue in obese rats after splenectomy (31).
In the current study, high fat diet group showed moderate immunoexpression of TNF-α in
hepatocytes and blood sinusoids. In chronic liver disease, it was observed increased TNF-α
expression mainly in hepatocytes and in cells of liver sinusoids (macrophages and endothelial
cells (49). Previous investigators concluded that TNF-α promotes triglyceride accumulation
and hepatic steatosis, and may also further promote lysosomal destabilization with release of a
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lysosomal protease into the cytosol resulting in further accentuating liver injury (11). TNF-α
expression in the liver was reported to be related to hepatic inflammation and fattiness (50).
Also, obesity was reported to lead to the progression of TNF-α induced nonalcoholic
steatohepatitis (51). After irradiation, previous investigators observed induction of TNF-αexpression which was followed by elevated hepatic-triglyceride level in mice (52). Although
TNF-α in low concentrations was reported to stimulate cell growth, in high concentrations it
suppresses cell development and induces necrosis and angiogenesis in animal and human
models (53).
In present work splenectomy group showed significant increase in area percentage of TNF- α
immunoexpression and in blood cholesterol and triglycerides in concomitant with worsening
of degenerative changes in hepatocytes. That could be explained by the conclusion of
previous investigators that spleen have an important effect on lipid metabolism and splenic
autotransplantation may be protective in conditions with increased lipid levels (26). It was
reported that although spleen removal may be recommended during organ transplantation, it
lead to hyperlipidemia and the preservation of the spleen upper pole tended to correct
dyslipidemia (54). In a rat choline-deficient L-amino acid model, splenectomy lead to
significant increase in liver triglycerides and essential fatty acids (48). Previous investigators
observed progression of hepatic steatosis to steatohepatitis in obese rats after splenectomy and
preservation of the spleen contributes to the prevention of this progression (31). However,
before liver transplantation in rats, it was suggested that splenectomy decreased the hepatic
expression of TNF-α and suppressed the hepatic infiltration of neutrophils and macrophages
through the direct elimination of splenic inflammatory cells (55).
Conclusion and Recommendation:
The present study concluded that high fat diet leads to degenerative changes in the liver tissue
with depletion of hepatocytes glycogen, increase in collagen fibers deposition and increase in
TNF-α immunoexpression. Although splenectomy worsens these degenerative changes in
liver in concomitant with increase in blood cholesterol and triglycerides, it reduces liver
fibrotic changes. Hence, it is recommended to investigate the importance of spleen function
regarding to liver and lipid metabolism which could be helpful to develop appropriate
prevention and therapeutic strategies in order to counteract hepatic deteriorations
accompanying obesity.
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