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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)/length
2
 (cm

2
)) to estimate obesity. The normal BMI for male adult rats ranged 

between 0.45 and 0.68 g/cm
2 (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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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).  
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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 

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). 
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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). 

 

 

 

 

 

 

 

 

 

 

 

 

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).  

 

 

 

 

 

 

 

 

 

 

 

 

 

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). 
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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. 

 

 

*
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. 

*
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 

Group III  Group II  Group I   

8.22   ±2.76 12  ±1.23
*
 3.81±0.211  Area percentage of collagen fibers (± 

SD) 

2.1±   0.01
*
 3.4± 0.02 5.21±0.1  Optical density of PAS (± SD) 

1.02 ±0.1
*
 0.78±1.01 0.36 ±  0.02  Area percentage of  TNF-α (± SD) 

Group III  Group II  Group I   

632±0.14
*
      511 ±0.123 232 ±0.179 Triglyceride level (± SD) 

314  ±0.102
*
    220 ±0.123 115 ±0.18   Cholesterol level(± SD) 
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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-α-

expression 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. 

Conflict of interest: The authors declare that there is no conflict of interest related to this 

study. 

 

 

 

 

 

 

 



British Journal of Science       55  
March 2016, Vol. 13 (2) 

 

© 2016 British Journals ISSN 2047-3745 

 

Funding: This work was personally supported 

Authors’ contributions 

Authors‟ contributions   Zeinab 

MA 

Hala HE 

Research concept and design     ✓ ✓ 

Collection and/or assembly of data   ✓ -- 

Data analysis and interpretation   --   

 

✓ 

Writing the article   ✓ ✓ 

Statistical analysis   -- -- 

Design of figures   ✓ ✓ 

Critical revision of the article     ✓ ✓ 

Final approval of article   ✓ ✓ 

Acknowledgements  

The authors would like to thank Dr. Eman El Shahate for her aid in statistical analysis and Dr. 

Mohamed Shahin for his aid in morphometrical analysis 

References 

1. Abu-Abid S, Szold A, Klausner J (2002) Obesity and cancer .  J Med. 33(1-4) :73-86. 

2. Pi-Sunyer FX The medical risks of obesity (2002) Obes Surg. 12: 6-11.  

3. Adams LA, Sanderson S, Lindor K, Angulo P (2005) The histological course of 

nonalcoholic fatty liver disease: a longitudinal study of 103 patients with sequential 

liver biopsies. Hepatology 42: 132-138. 

4. Bugianesi E, Manzini P, D‟Antico S (2004)  Relative contribution of iron burden, HFE 

mutations and insulin resistance to fibrosis in nonalcoholic fatty liver. Hepatology. 

39:179-187. 

5. Calle EE., Rodriguez C, Walker-Thurmond K, Thun MJ   (2003) Overweight, obesity, 

and mortality from cancer in a prospectively studied cohort of U.S. adults. N Engl J 

Med. 348 (17) : 1625–1638. 

6. Angulo P (2002)  Nonalcoholic fatty liver disease. N Engl J Med. 346 (16): 1221–

1231.  

7. Wael IY and Arthur JM (2002) Steatohepatitis in obese individuals. Best Pract Res 

Clin Gastroenterol. 16 (5): 733-747. 

8. Lazo M, Clark JM (2008) The epidemiology of nonalcoholic fatty liver disease: a 

global perspective. Semin Liver Dis. 28 (5) : 339-350. 

9. Vuppalanchi R and Chalasani N (2009)  Nonalcoholic fatty liver disease and 

nonalcoholic steatohepatitis: Selected practical issues in their evaluation and 

management. Hepatology. 49 (1): 306–317. 

10. Anstee QM, McPherson S, Day CP (2011)  How big a problem is non-alcoholic fatty 

liver disease?. BMJ. 18: 343:d3897. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2766096
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2766096
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2766096


British Journal of Science       56  
March 2016, Vol. 13 (2) 

 

© 2016 British Journals ISSN 2047-3745 

 

11. Feldstein AE, Werneburg NW, Canbay A, Guicciardi ME, Bronk SF, Rydzewski R et 

al (2004)  Free Fatty Acids Promote Hepatic Lipotoxicity by Stimulating TNF-α 

Expression via a Lysosomal Pathway. Hepatology. 40: 185-194. 

12. Lumeng CN and Saltiel AR (2011)  Inflammatory links between obesity and metabolic 

disease. J Clin Invest. 121 (6): 2111–2117. 

13. Tarantino G, Scalera A, Finelli C (2013) Liver-spleen axis: Intersection between 

immunity, infections and metabolism. World J Gastroenterol. 19 (23): 3534-3542. 

14. Odegaard JL and Chawla A (2008) Mechanisms of macrophage activation in obesity-

induced insulin resistance. Nat Clin Pract Endocrinol Metab. 4(11): 619–626. 

15. Shoelson SE, Lee J, Goldfine AB (2006) Inflammation and insulin resistance. J Clin 

Invest. 116: 1793–1801. 

16. Gaemers IC, Stallen J M, Kunne C, Wallner C, Werven J, Nederveen A et al (2011)  

Lipotoxicity and steatohepatitis in an overfed mouse model for non-alcoholic fatty 

liver disease. Biochim Biophys Acta. 1812 : 447–458. 

17. Ramos EJ, Xu Y, Romanova I (2003)  Is obesity an inflamatuar disease? Surgery. 134 

(2): 329-335. 

18. De Souza CT, Araujo EP, Bordin S, Ashimine R, Zollner R L, Boschero AC et al 

(2005) . Consumption of a fat-rich diet activates a proinflamatory response and 

induces insulin resistance in the hypothalamus. Endocrinology. 146: 4192– 4199. 

19. Bradham CA, Plümpe J,  Manns MP, Brenner DA , Trautwein C(1998) Mechanisms 

of Hepatic Toxicity: I. TNF-induced liver injury. Am J Physiol. 275: : G387-G392. 

20. Eigler A, Sinha B, Hartman G, Endres S (1997) Taming TNF-Α: strategies to restrain 

this proinflammatory cytokine. Immunol Today. 18(10) : 487–492. 

21. Wang K (2015)  Molecular mechanisms of hepatic apoptosis regulated by nuclear 

factors .Cell Signal. 27 (7): 729-738. 

22. Bird GLA, Sheron N, Goka J, Alexander GJ, Williams RS (1990)  Increased plasma 

tumor necrosis factor in severe alcoholic hepatitis. Ann Int Med. 112; 917–920. 

23. Snover D (2005) Immuno-histochemical analysis in steatohepatitis ,Does it have a role 

in diagnosis and management? Am J Clin Pathol. 123: 491-493. 

24. Tanaka S, Inoue S, Isoda F, Waseda M, Ishihara M, Yamakawa T et al.(1993)  

Impaired immunity in obesity: suppressed but reversible lymphocyte responsiveness. 

Int J Obes Relat Metab Disord. 17: 631-636. 

25. Tarantino G, Savastano S, Capone D, Colao A (2011) Spleen: A new role for an old 

player? World J Gastroenterol. 17: 3776-3784.  

26. Akan AA, Sengül N, Simşek S, Demirer S (2008) The effects of splenectomy and 

splenic autotransplantation on plasma lipid levels. J Invest Surg. 21: 369-372. 

27. Gotoh K,  Inoue M,  Masaki T,  Chiba S, Shimasaki T, Ando H et al. (2012) A Novel 

Anti-inflammatory Role for Spleen-Derived Interleukin-10 in Obesity-Induced 

Inflammation in White Adipose Tissue and Liver. Diabetes. 61 : 1994-2003. 

28. Institute of Laboratory animals Resources, Commission on Life Science, National 

Research Council.  (1996)Guide for the Care and Use of Laboratory Animals. 

National Academy Press, Washington; 21–55. 

29. Kucera O and Cervinkova Z (2014). Experimental models of non-alcoholic fatty liver 

disease in rats. World J Gastroenterol. 20(26): 8364-8376. 

30. Altunkaynak Z (2005) Effects of high fat diet induced obesity on female rat livers (a 

histochemical study). Eur J Gen Med. 2: 100-109. 

31. Inoue M1, Gotoh K, Seike M, Masaki T, Honda K, Kakuma T et al (2012).  Role of 

the spleen in the development of steatohepatitis in high-fat-diet-induced obese rats. 

Exp Biol Med (Maywood). 237: 461-470. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Werneburg%20NW%5BAuthor%5D&cauthor=true&cauthor_uid=15239102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Canbay%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15239102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Guicciardi%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=15239102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bronk%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=15239102
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rydzewski%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15239102
http://diabetes.diabetesjournals.org/search?author1=Koro+Gotoh&sortspec=date&submit=Submit
http://diabetes.diabetesjournals.org/search?author1=Megumi+Inoue&sortspec=date&submit=Submit
http://diabetes.diabetesjournals.org/search?author1=Takayuki+Masaki&sortspec=date&submit=Submit
http://diabetes.diabetesjournals.org/search?author1=Seiichi+Chiba&sortspec=date&submit=Submit
http://diabetes.diabetesjournals.org/search?author1=Takanobu+Shimasaki&sortspec=date&submit=Submit
http://diabetes.diabetesjournals.org/search?author1=Hisae+Ando&sortspec=date&submit=Submit
http://www.ncbi.nlm.nih.gov/pubmed?term=Inoue%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22490513
http://www.ncbi.nlm.nih.gov/pubmed?term=Gotoh%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22490513
http://www.ncbi.nlm.nih.gov/pubmed?term=Seike%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22490513
http://www.ncbi.nlm.nih.gov/pubmed?term=Masaki%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22490513
http://www.ncbi.nlm.nih.gov/pubmed?term=Honda%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22490513
http://www.ncbi.nlm.nih.gov/pubmed?term=Kakuma%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22490513


British Journal of Science       57  
March 2016, Vol. 13 (2) 

 

© 2016 British Journals ISSN 2047-3745 

 

32. Novelli EL, Diniz YS, Galhardi CM, Ebaid GM, Rodrigues HG, Mani F et al.  

(2007)Anthropometrical parameters and markers of obesity in rats. Lab Anim. 41:111-

119. 

33. Bancroft JD and Gamble M (2008) Theory and practice of histological techniques. 6th 

ed. Scotland , London: Churchill Livingstone, London; 125-138. 

34. Kiernan JA Histological and Histochemical methods (1999): Theory and practice. 

Butterworth-Heinemann, Oxford. 

35. Florescu M, Simionescu C, Margaritescu C (2004) Pathological Anatomy.  Medical 

University Publishing House, Craiova; 37, 286. 

36. Kawano Y, Cohen DE (2013) Mechanisms of hepatic triglyceride accumulation in 

non-alcoholic fatty liver disease. J Gastroenterol.  48 (4): 434-441. 

37. Unger RH and Orci L (2002) Lipoapoptosis: its mechanism and its diseases. Biochim 

Biophys  Acta. 1585 (2-3): 202–212. 

38. Unger RH (2003) The physiology of cellular liporegulation. Annu. Rev Physiol.; 

65:333–347. 

39. Farrell GC, Teoh NC, McCuskey RS (2008)Hepatic microcirculation in fatty liver 

disease. Anat Rec (Hoboken).  291(6): 684-692. 

40. Pestka S, Krause CD, Sarkar D, Walter MR, Shi Y, Fisher PB (2004) Interleukin-10 

and related cytokines and receptors. Ann Rev Immunol ; 22: 929–979. 

41. Waters KA, Mast BT, Vella S (2007) Structural equation modeling of sleep apnea, 

inflammation, and metabolic dysfunction in children. J Sleep Res.; 16 (4): 388–395. 

42. Manco M, Calvani M, Mingrone G (2004) Effects of dietary fatty acids on insulin 

sensitivity and secretion. Diabetes. Obes Metab. ; 6 (6): 402–413. 

43. Brent A, Neuschwander-Tetri BA, Caldwell SH (2003)Nonalcoholic steatohepatitis: 

Summary of an AASLD Single Topic Conference. Hepatology. ; 37:1202-1219. 

44. El Batanouny M, Essawy MM, Elbee A, Ezzat H, Abbas M, Nosseir MM et al. 

(2001)Effect of splenectomy on liver fibrogenicity in portal hypertension patients. 

Egyp J Surg. ; 20: 722-728.  

45. Watanabe M, Murata S, Andriy M, Ohkohchi N (2009). Splenectomy prevents 

progression of liver fibrosis in mice.  Jap J Port Hypertens; 15: 331-336. (Abstract). 

46. Tanabe K, Taura K, Koyama Y, Yamamoto G, Nishio T, Okuda Y et al. (2015) 

Migration of splenic lymphocytes promotes liver fibrosis through modification of T 

helper cytokine balance in mice. J Gastroenterol.; 50: 1054-1068. 

47. Yada A, Iimuro Y, Uyama N, Uda Y, Okada T, Fujimoto J (2015) Splenectomy 

attenuates murine liver fibrosis with hypersplenism stimulating hepatic accumulation 

of Ly-6C (lo) macrophages. J Hepatol.; 63: 905-916. 

48. Oishi T, Terai S, Iwamoto T, Takami T, Yamamoto N, Sakaida I (2011) Splenectomy 

reduces fibrosis and preneoplastic lesions with increased triglycerides and essential 

fatty acids in rat liver cirrhosis induced by a choline-deficient L-amino acid-defined 

diet. Hepatol Res; 41:463-474. 

49. Hammam O, Mahmoud O, Zahran M, Sayed A, Hosny K, Farghly A et al.(2013) 

Tissue Expression of TNF a and VEGF in Chronic Liver Disease and Hepatocellular 

Carcinoma. Med J Cairo Univ.; 81: 191-199. 

50. Segersvärd R, Tsai JA, Herrington MK, Wang F (2008)  Obesity alters cytokine gene 

expression and promotes liver injury in rats with acute pancreatitis. Obesity (Silver 

Spring).; 16: 23–28. 

51. Kanda H, Tateya S, Tamori Y (2006) MCP-1 contributes to macrophage infiltration 

into adipose tissue, insulin resistance, and hepatic steatosis in obesity. J Clin Invest. ; 

116: 1494–1505. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Diniz%20YS%5BAuthor%5D&cauthor=true&cauthor_uid=17234057
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ebaid%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=17234057
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rodrigues%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=17234057
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mani%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17234057
http://www.ncbi.nlm.nih.gov/pubmed/17234057
http://link.springer.com/journal/535
http://www.researchgate.net/journal/1386-6346_Hepatology_Research


British Journal of Science       58  
March 2016, Vol. 13 (2) 

 

© 2016 British Journals ISSN 2047-3745 

 

52. Martius G, Cameron S, Rave-Fränk M, Hess CF, Wolff AH, Malik IA (2015) The 

Anti-TNF-α Antibody Infliximab Inhibits the Expression of Fat-Transporter-Protein 

FAT/CD36 in a Selective Hepatic-Radiation Mouse Model. Int J Mol Sci. ; 16: 4682-

4697. 

53. Masaki T, Chiba S, Tatsukawa H, Yasuda T, Noguchi H, Seike M et al.(2004) 

Adiponectin protects LPS-induced liver injury through modulation of TNF-alpha in 

KK-Ay obese mice. Hepatology. ; 40:177-184. 

54. Paulo DNS, Paulo IC, Morais AAC, Kalil M,  Guerra AJ, Colnago GL (2009) Is 

splenectomy a dyslipidemic intervention? Experimental response of serum lipids to 

different diets and operations. Microsurgery.; 29: 154-160.   

55. Kuriyama N, Isaji S, Kishiwada M, Ohsawa I, Hamada T, Mizuno S et al. (2012) Dual 

Cytoprotective Effects of Splenectomy for Small-for-Size Liver Transplantation in 

Rats. Liver Transpl ; 18: 1361-1370. 

 

Authors 

Zeinab M. Alazouny, M.D, Lecturer of Histology and Cell Biology, Faculty of Medicine, 

Zagazig University, Zagazig  44519, Egypt. E.mail: zeinebelazouny@yahoo.com. 

Hala Elwy Hashem,  Assistant  professor  of  Histology  and  Cell  Biology, Faculty  of  

Medicine,  Zagazig  University,  Zagazig    44519,  Egypt.  E.mail: elwyhala@yahoo.com 

 

 

 

http://www.researchgate.net/journal/1098-2752_Microsurgery
mailto:elwyhala@yahoo.com

