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ABSTRACT 

SHRADHA SODHANI 

THE EFFECT OF GRAPE SEED POL YPHENOLS AND DELTA TOCOTRIENOL AS 
SUPPLEMENTS IN IMPROVEMENT OF NASH HISTOPA THOLOGY 

IN C57BL/J6 MICE FED HIGH FAT DIET 

MAY 2012 

Nonalcoholic Fatty Liver Disease (NAFLD) and Nonalcoholic Steatohepatitis 

(NASH), which are histologically similar to alcoholic hepatitis are the most common 

liver conditions in USA. Diets high in fat have been associated with the development of 

obesity and NASH. Currently there are no therapeutic drugs approved by FDA available 

as treatment for these diseases; therefore attention has been directed towards the role of 

bioactive compounds like polyphenols and fat-soluble vitamin E in the treatment of 

NAFLD/NASH. 

The objective of this study was to investigate the effects of dietary grape seed 

polyphenols (GSP, 1 % and 2%) and 8- tocotrienol (83T, 0.025% and 0.05%) 

supplementation alone and in combination, incorporated into a high fat diet (HF) on 

NASH-like histopathologic features and liver fibrosis in C57BL/6J mice. 

Mice were placed on HF diets which were supplemented with two doses of GSP, 

6-tocotrienol or their combination. Histopathological changes of the liver were assessed 

using Hematoxylin and Eosin stain, periodic acid Schiff stain (P.A.S) and Masson's 
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trichrome stain and hepatic fibrosis by immunostaining. The morphometric analysis 

showed that the NASH -like histologic features increased in HF diet fed group, and 

reduced both by (i) GSP supplementation alone and (ii) in combination with 83T. 

Steatosis was reduced by GSP with reduction of the lipid droplet area (p :S .01) 

( cells/mm2). Overall, the HF diet was found to induce steatosis in the mice. The 

photomicrographs obtained from the three different histology stains showed the 

beneficial effects of GSP supplementation with reduction in mice mean liver weight, 

steatosis and absence of collagen accumulation and reduction in the activation of hepatic 

stellate cells (HSC) and liver fibrosis. Thus dietary GSP supplementation alone and in 

combination with 83T in HF diet may ameliorate the NASH-like histopathological 

features in C57BL/6J mice. 
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CHAPTER I 

INTRODUCTION 

Chronic liver disease is the third most common cause of deaths in persons with 

nonalcoholic fatty liver disease (NAFLD) (Ong J.P et al, 2007). In the United States, 

NAFLD affects an estimated 30 million Americans (Clark J.M et al, 2003; Ruhl C.E et al 

2003 and Browning Jet al, 2004). The detection of NAFLD, liver fat content, possible 

histological changes related to NAFLD and disease activity is still an area with limited 

information, as the only available means of diagnosis is liver tissue evaluation from 

biopsy. A histological subtype of NAFLD is Non-alcoholic Steatohepatitis (NASH), 

with necroinflammation resulting from hepatocyte injury due to accumulation of excess 

lipids in liver. NASH is known to be a silent syndrome with unknown etiology but is 

found in 70-80% of persons with type 2 diabetes mellitus (Targher et al, 2007). People 

diagnosed with NASH are 70% obese and tend to be 40% heavier than their desirable 

body weight. 

Approximately 20 to 80% patients with NASH have hyperlipidemia, either high 

plasma triglyceride levels and or high plasma total cholesterol levels. Obese persons who 

are diagnosed with hyperlipidemia often have insulin resistance; these two conditions are 

the features of metabolic syndrome (Met S) commonly observed in NASH (Chavez

Tapia NN et al, 2009 and Fabbrini E et al, 2010). NASH otherwise known as a benign 

1 



condition is on the rise in conjunction with obesity and type 2 diabetes mellitus (Williams 

R et al 2006;Ong J.P et al, 2007; Angulo Pet al, 2007 and Fan J.G et al, 2009). NASH is 

one of the leading causes of liver fibrosis (Paschos P et al, 2009). Liver biopsy studies in 

obese individuals have demonstrated that 30-40% of patients develop simple steatosis 

with presence of inflammation and or necrosis (McCullogh A.J et al, 2006). It is 

estimated that about 30% of Americans are affected to some degree by hepatic fibrosis 

and cirrhosis (Ogden et al, 2006). In patients with chronic liver disease, 74% have 

fibrosis and approximately 30% have cirrhosis at the time of their initial liver biopsy 

(Clark J. Met al, 2006). NASH currently comprises of steatohepatitis of nonalcoholic 

origin that may progress to end-stage liver disease, that is, liver fibrosis, cirrhosis and or 

hepatocellular carcinoma (Powell E. E et al, 1990 and Fassio E et al, 2004). 

Obesity related hepatic fat accumulation leads to increased secretion of 

inflammatory cytokines (Diehl et al, 2004 and Li Z et al, 2005). These cytokines are 

involved in activation of hepatic stellate cells (HS Cs) which then secrete increased 

amount of collagenous substances. This causes the hepatic cellular morphology to be less 

contractile and more fibrocontractive with increased accumulation of alpha smooth 

muscle actin ( a-SMA) (Friedman 2008). These changes can be used as a biomarker to 

detect the onset of liver fibrosis by immunohistochemistry (Cohen P.A et al, 1997; 

Feldstein A.E et al, 2005 and Lau D.T et al, 2005). Thus NASH may be defined as 

progressive condition with hepatic lipid accumulation, hepatocyte damage, lobular 
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inflammation, fibrosis and finally cirrhosis or even hepatocellular carcinoma (HCC) 

(Brunt E.M, 2004). 

Both epidemiological and clinical studies on subjects with NAFLD provide 

evidence that diet restriction leads to overall body weight loss and reversal of fatty liver 

conditions in humans (Ueno T et al, 1997; Sahai A et al, 2004; Kim B.J et al, 2006 and 

Sato Fetal, 2007). Nutrition is an important environmental factor and a cornerstone in 

therapy, while over-nutrition has known implications in the progression of NASH (Musso 

Get al, 2003; Solga S et al, 2004; Kechagias S et al, 2008 and Marchesini G et al, 2008). 

Many bioactive compounds found naturally in food have been reported to have various 

beneficial health effects. Reports have suggested that they play a role as antioxidants, 

anticarcinogens, antihypertensive and anti-artherogenic agents (Ko S.H et al, 2005; 

Reddy J.K et al, 2006; Day C.P et al, 2006; Qureshi Ket al, 2007 and Shoelson S.E et al, 

2007). Pilot trials using antioxidants; polyphenols and vitamin E have shown to act as 

lipid-lowering and hepato- protective agents with preliminary results showing reduction 

in appearance of characteristic features typical of NASH via histology (Neuschwander

Tetri B.A et al, 2003 and Vuppalanchi R et al, 2009). 

Recent evidence from scientific studies report a moderate to strong relationship 

between chronic liver steatosis and diet low in antioxidants particularly vitamin E (Cave 

Met al, 2007 and Allard JP et al, 2008). Clinical long term intervention studies have 

shown vitamin E (as alpha tocopherol) to be the most promising agent for amelioration of 

NASH. (Sanyal AJ et al, 2010). Tocotrienols share their main property as natural 

3 



antioxidants with tocopherols, where the delta (8) isoform of tocotrienol (8T3) with the 

unsaturated isoprene side chain has been reported to be very effective 

hypocholestrolemic agent (Song B.L et al, 2006). In a long term multicenter, 

randomized, double-masked, placebo-controlled trial in children with NASH (TONIC 

study) 400 IU of vitamin E, twice a day for two years, was beneficial in reversing NASH 

by reduction in hepatic cell size and also apoptosis (Lavine J .E et al, 2000). 

Various phenolic compounds found in food are reported to have bioactive 

functions, the most potent being antioxidant properties. Some phenolic compounds may 

be included in the possible treatment of metabolic conditions like obesity, cardiovascular 

disease and different types of cancers (Aron M et al, 2008). Phenolic compounds 

promote lipid excretion or aid in reduced absorbance of fat from food items high in fat 

via the cytocrome P450 system during 'xenobiotic' digestion of phenolic compounds in 

liver (Osada Ket al, 2006). Grapes and seed extract from grapes are rich in polyphenols. 

Grape seed proanthocyanidin extract ( containing monomers and oligomers of flavan-3-

ols) have been found to prevent oxidative injury (Puiggros F et al, 2005). Grape seed 

proanthocyanidins mimic the action of insulin, which aids in reduction of insulin 

resistance and improve insulin sensitivity in adipocytes (Pinent Met al, 2006) and 

therefore is beneficial in modulation of glucose homeostasis (Montagut et al, 20 I 0). In 

an in vivo study with normolipidemic rats, grape seed extract decreased plasma 

triglycerides levels (TG) and apolipoprotein B (apoB) (Del Bas et al, 2005). In an in

vitro study GSP behaved similarly to insulin and improved insulin sensitivity in 
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adipocytes treated with different concentrations of grape extract (Terra X et al, 2007& 

2009). Thus inclusion of food bioactive compounds into the diet can be convenient 

alternative to use of drugs/medications for the treatment of a disease condition. 

Hypothesis 

The hypothesis of this research study is that dietary grape seed polyphenols (GSP, 1 % 

and 2%) and 8- tocotrienol (83T, 0.025% and 0.05%) supplementation alone and in 

combination incorporated into a high fat diet (HF) may improve the NASH-like 

histopathologic features and liver fibrosis in C57BL/6J mice. The high fat diet was used 

to induce NASH-like characteristic features and later the dietary supplements were added 

to high fat diet alone and in combination at two different concentrations. 
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CHAPTER II 

REVIEW OF LITERATURE 

Nonalcoholic fatty liver disease (NAFLD) and its advanced stage Nonalcoholic 

Steatohepatitis (NASH) both are defined as pathological liver diseases. They occur in the 

absence of alcohol, drugs or a specific cause (Chitturi S et al, 2002 and Angulo P et al, 

2007). NASH is broadly defined as lipid accumulation resulting in cellular damage and 

inflammation, with or without scarring and fibrosis (Brunt E.M, 2004). NASH 

progresses from steatosis to fibrosis, cryptogenic cirrhosis, end stage liver disease, and or 

hepatocellular carcinoma (HCC) (Ludwig et al, 1980). The frequency of NAFLD in the 

US population is highest amongst Hispanic ( 45%) population followed by Caucasian 

whites (33%) and African Americans (24%) (Browning J.D et al, 2004). 

Estimates obtained from clinical studies suggest 20% to 30% of individuals in 

Western countries have liver steatosis as the most common liver disorder (Hilden M et al, 

1977 and Wanless LR et al, 1990). NASH is prevalent in approximately 2-3% of the 

general population and 3 7% among morbidly obese individuals (Neuschwander-Tetri 

B.A et al, 2003; Mccullogh A.Jet al, 2006 and Machado Met al, 2006). Currently 

patients with hepatic steatosis are at an increased risk for developing NASH and related 

mortality (Portincasa et al, 2005). Approximately 25% of patients with NASH progress 

to cirrhosis and its associated complications such as liver failure and HCC (Adams LA.et 
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al, 2005, Bugianessi E et al, 2002 & 2007, Ekstedt Met al, 2006 and Ogden et al, 2006). 

Liver fibrosis may or may not be present in individuals with steatosis but NASH may 

progress to fibrosis (Sheth S.G et al, 1997 and Contos M.J et al, 2004). Tissue 

architectural remodeling develops in 10-15% of NASH and 15-25% of cirrhosis patients 

(Matteoni CA, et al, 1999; McCullough A.Jet al, 2004; Powell E.E, et al, 2005 and 

Farrell G.C et al, 2006). 

Pathophysiology 

The presence of hepatic steatosis, generally known as fatty liver (macrovesicular 

fat), is the most common histological finding in human liver biopsies. Sustained lipid 

peroxidation due to oxidation of free fatty acid (FF A) initiates inflammation in NASH. 

Steatosis progresses to steatohepatitis due to inflammation characterized by necro

inflammatory changes to fibrosis followed by cirrhosis and or HCC (Kashireddy P.V et 

al, 2004). Histologically, the liver of NASH patients exhibits micro- and macrovesicular 

steatosis and hepatocyte injury (mostly degeneration of cells) usually in the form of 

ballooning (Matteoni C.A et al, 1999). Inflammation may be lobular (Brunt E.M et al, 

2005 and Hubscher S.G et al, 2006) or periportal typically localized in the acinar zone 3. 

There is occasional presence of mononuclear cells which replace the regular stellate cells 

or leukocyte infiltration at the initial stages of fibrosis (Brunt E.M et al, 2007; Yeh M.M 

et al, 2007 and Tiniakos D.G et al, 2009) 
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When fibrosis in the liver occurs there is the activation of hepatic stellate cells 

(HSC's) with accumulation of sinusoidal collagen which is part of the extracellular 

matrix (ECM) (Washington Ket al, 2000 and Cortez-Pinto H et al, 2001). With the 

activation of HS Cs there is loss in their contractile function and are transformed to 

myofibroblastic cells which secrete alpha smooth muscle actin ( a-SMA). The a-SMA is 

used as a biomarker for early hepatic fibrosis detection via immunohistochemistry 

(Cohen P.A et al, 1997; Feldstein A.E et al, 2005 and Lau D.T et al, 2005). The change 

in the hepatic tissue promotes proliferation, migration and synthesis of various ECM 

products such as fibrillar collagens, fibronectin and cytokines. These are known to be 

responsible for the maintenance of balance between degree of inflammation and 

inflammatory cell recruitment (Reeves H.L et al, 2002 and Miele L et al, 2007). Other 

histological lesions in NASH are the occasional presence of (i) metamitochondria 

( enlarged mitochondria) or needle shaped, specifically seen in microvesicular steatosis, 

(ii) glycogenated nuclei, and (iii) iron deposition (Le Tri. H et al, 2004 and Zatloukal Ket 

al, 2007). 

Detection and Diagnosis of NASH 

Histology 

The extent of hepatocellular steatosis (percent of liver weight or percent of 

affected hepatocytes), the size oflipid droplets (macro-versus microvesicular) and zonal 

distribution (periportal, pericentral or diffused) can be distinguished only by histology 
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(Straub B.K et al, 2010). Thus the differentiation between steatosis and steatohepatitis 

can be confirmed by a histological approach (Oh M.K et al, 2008). 

Grading and staging in NASH and fibrosis. The progression from steatosis to 

steatohepatitis and steatohepatitis with fibrosis and/ or liver cirrhosis is gradual. 

Therefore, histopathological staging systems have been developed to evaluate and 

monitor the progression of fibrosis by using the peculiar pattern of NASH and associated 

fibrosis (Kleiner D.E et al, 2005 and Longerich T et al, 2008). The histopathological 

classification of NASH has evolved in the last two decades from a two-step to a four step 

model (Wanless LR et al, 2004 ). The classification of liver steatosis uses a four stage 

method with the first being characterized by fatty infiltration of the liver, second fatty 

infiltration with inflammation, third fatty infiltration with ballooning degeneration, and 

the last stage characterized by fatty infiltration with lesions similar to alcoholic hepatitis 

and sinusoidal fibrosis with or without Mallory's hyaline (Matteoni et al, 1999 and 

Angulo P et al, 2002). Stages three and four together were classified as NASH which 

cannot be distinctly observed. Brunt et al (1999 &2001) have proposed a 

histopathological grading and staging of NASH. It evaluates the degree of steatosis, the 

presence of hepatocellular ballooning and the lobular and portal inflammation in order to 

determine the grade and stages of the disease according to the extent of the fibrosis. The 

National Institutes of Diabetes and Digestive and Kidney Diseases (NIDDK) -sponsored 

NASH Clinical Research Network (CRN) has developed the histological scoring system 

which is uniformly used for all clinical trials involving NASH (Kleiner D.E et al, 2005). 
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Three distinct histologic lesions are necessary to make the diagnosis of NASH. These are 

zone 3 macrosteatosis, hepatocyte ballooning and mixed lobular inflammation. The CRN 

group proposed a NAFLD activity score (NAS) which is derived by addition of 

individual scores for steatosis, lobular inflammation, and hepatocellular ballooning and 

ranges from 0-8. Steatosis is scored (0-3), lobular inflammation 0-3 and ballooning 0-2. 

A 'NAS' score ~5 correlates with a diagnosis of NASH whereas a score of<3 is not 

NASH. 

Earlier grading system for fibrosis was staged from 0 to 4, where F 1 is foci or 

extensive zone 3 perisinusoidal or pericellular fibrosis. This grading system for fibrosis 

in liver hepatitis includes Grade 0, no staining or very rare staining; Grade 1, staining in 

<30% of stellate cells in sinusoidal liver cells; Grade 2, staining between 31 % and 60% 

cells; Grade 3, staining between 61 % and 90% cells; and Grade 4, diffuse staining more 

than 90% of sinusoidal liver cells (Batts K.P et al, and Ludwig J.et al, 1995). While the 

fibrosis scoring with the NASH CRN system is based on the prototype staging method 

proposed by Brunt et al ( 1999), with a single difference that stage 1 is further sub-divided 

into three sub-stages to differentiate between delicate perisinusoidal zone 3 fibrosis (stage 

la), dense perisinusoidal zone 3 fibrosis (stage 1 b), and portal fibrosis only (stage le) 

(Kliener D.E et al, 2005). 
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Treatment Options 

Despite recent gains in understanding of NASH, several issues related to its 

progression and effective treatment remain unresolved (Sang Hoon Park et al, 2008). 

The US Food and Drug Administration (FDA) have not approved any medications for 

use specifically in NASH, and all medications are considered experimental. Based on the 

present knowledge of the pathogenesis of the disease, several human studies have 

highlighted the importance of multiple treatments. These include lifestyle modifications, 

nutritional supplements and prescription medications separately, or in conjunction with 

diet therapy. 

Weight Loss 

There is evidence that a 7% reduction in weight results in histological 

improvements in patients with NASH (Promrat K et al, 2010) and improves insulin 

resistance and intra-hepatic lipid content (Sato F et al, 2007). Weight loss can be 

achieved by combination of caloric restriction, exercise, and/ or prescription drugs as 

well as surgical methods like bariatric surgery, in patients with morbid obesity (Dixon 

J.B et al, 2004; Suzuki. A et al, 2005; Klein S et al, 2006 and Chavez-Tapia NC et al, 

2010). 

Exercise 

Studies have shown improvements in subjects with or without weight reduction 

suggesting beneficial effects of exercise with improvements in insulin sensitivity and 
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glucose homeostasis (O'Leary V.B et al, 2006). Data from exercise training shows 

prevention of diet-induced hepatic steatosis in rats (Gauthier M.S et at 2003) via AMP

activated protein kinase (AMPK). 

Pharmacological Treatment Options 

Most of the anti-diabetic drugs which are available today are known to improve insulin 

sensitivity with possible use in liver steatosis and NASH. Recent meta-analyses 

demonstrate increased cardiovascular risk with pioglitazone, a class of thiazolidinedione 

which helps to improve insulin sensitivity (Chiquette E et al, 2004 and Mannucci E et al, 

2008). There is a risk of edema, heart failure, and bladder cancer associated with long

term thiazolidinedione therapy (Dormandy J.A et al, 2005; Boden Get al, 2006, Gerstein 

H.C et al, 2006 and Rubenstrunk A et al, 2007). Other studies show that lactic acidosis 

associated with metformin drug therapy especially in patients with liver disease have a 

higher risk of bone fracture (Lalau J.D et al, 1995; Kruse J.A et al, 2001; Chang C.T et al, 

2002 and Fitzgerald E et al, 2009). 

Antioxidants as Treatment 

The various side effects from the use of pharmacologic therapy (Dormandy J.A et 

al, 2005; Gerstein H.C et al, 2006) emphasize the need for alternatives like the intake of 

antioxidants in patients with NASH. Certain nutrients are being recognized to enhance 

insulin sensitivity via diet alone. These include vitamin E and its isomers and 

polyphenols namely resveratrol from grapes (Ko SH et al, 2005; Reddy J.K et al, 2006; 
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Day C.P et al, 2006; Qureshi Ket al, 2007 and Shoelson S.E et al, 2007). Since these 

nutrients are known to be antioxidants and are found naturally in plants in abundance, 

they may have a high benefit to risk ratio which can be beneficial in treating liver 

steatosis and NASH with reduced side effects. In vivo studies in NASH show 

improvement in major histological features of disease activity, grade of steatohepatitis 

and occasionally of fibrosis following dietary therapy (Neuschwander-Tetri B.A et al, 

2003 and Vuppalanchi R et al, 2009). Antioxidants, mainly vitamin E (Lavine J.E et al, 

2000, Hasegawa et la 2001; Sanyal AJ et al, 2004; Bugianesi et al 2005;Yakaryilmaz et al 

2007 and Sanyal AJ et al, 2010), betaine (Abdelmahek M.F et al, 2001), and 

ursodeoxycholic acid (Lindor K.D et al, 2004) have been proposed as effective 

supplements in patients with NASH. 

Animal Models In Experimental Use 

There is a lack of appropriate study models to understand the development of 

NASH and therefore provide data for efficient prevention and therapeutic options for 

treatment of NASH (Wanless I.R et al, 2004; Farrell G.C et al, 2006 and London R.M et 

al, 2007). Animal models to study NASH can be used to reproduce the in vivo results 

and may provide vital mechanisms in the pathophysiology of steatohepatitis (Fan J. Get 

al, 2009). Rodent models are known to effectively test the therapeutic function of certain 

natural food components like polyphenols and vitamin E isomers in our diet (Sanyal AJ 

et al, 2004 and Aron et al, 2008). The use of animal models with dietary modifications 
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similar in humans (high fat high caloric diets) may overcome one of the major limitations 

to reproduce human NASH-like characteristic features. These rodent models may study 

both the combined features of steatohepatitis and the metabolic abnormalities associated 

with NASH. 

One of the best approaches to induce NASH via in vivo models is nutritional or 

dietary approach which involves over-nutrition, overfeeding of saturated and unsaturated 

fat, and/ or methionine and choline deficient (MCD) diet (Musso Get al, 2003; Sundaram 

S.S et al, 2005; Carmiel- Haggai Met al, 2005; Deng Q.G et al, 2005; Svegliati-Baroni G 

et al, 2006; Zou Yet al, 2006; Romestaing C et al, 2007; Baumgardener J.N et al, 2008 

and Rinella M.E et al, 2008). Studies have reported that C57BL/J6 mice develop obesity, 

insulin resistance, diabetes mellitus, hypertriglyceridemia (Fraulob J. C et al, 2010) and 

advanced fatty liver disease when fed a high fat diet (Gallaou-Kabani et al, 2007 and 

Cong et al 2008). Rinella and Green (2004) reported that the methionine and choline 

deficient (MCD) diet-induced mice model reproduced most of the histological features of 

human steatohepatitis; however their mice model did not develop insulin resistance and 

obesity. Apart from the MCD diet, diets containing high fat have been widely used to 

induce steatosis and NASH in animals with characteristic features including oxidative 

stress and fibrosis. Thus a high fat diet (HF) mouse model may promote a better 

experimental system to investigate NASH, to examine treatment methods that prevent 

progression of steatosis and to correlate the degree of liver steatohepatitis with obesity 

and metabolic syndrome. Compared with other animal models, such as Zucker obese 
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rats, ob/ob or db/db mice or other gene deletion animal models, C57BLJ6 mice on high 

fat diet reproduces human obesity, serving as a research model based on diet with high 

caloric intake from increased fat intake (Gallaou-Kabani et al, 2007). The C57BLJ6 

mouse model was used to induce NASH with the use of modified high fat in the rodent 

diet (Cong et al 2008). This rodent strain appropriately mimics the spectrum of 

pathologic and pathophysiologic features associated with NASH (Fraulob J.C et al, 

2010). Study of C57BL/J6 mice has provided information about the pathogenesis of diet 

induced nonalcoholic steatohepatitis features (Sundaresan S et al, 2010). These studies 

with high fat diet were able to show the characteristic pathophysiologic features of 

NASH including an enlarged pool of FF As, insulin resistance, subclinical inflammation 

and oxidative stress (Fraulob J.C et al, 2010, Sundaresan.S et al, 2010). 

Vitamin E-Tocopherols and Tocotrienols 

Vitamin E (C29H500 2) is a general term used to refer to a group of naturally 

occurring compounds including tocopherols and tocotrienols (Kamal- Eldin & 

Appelqvist, 1996). Vitamin E has a chroman ring structure with an isoprene side 

chain and is divided into two groups, i.e., tocopherol with a saturated isoprene side 

chain and tocotrienol with three double bonds in the farnesyl isoprenoid side chain. 

This may account for differences in their efficacy and potency in vitro and in vivo 

(Serbinova E et al, 1991; Suzuki Y.J et al, 1993; Sen C.K et al, 2006; Roy Set al, 

2002 and Yoshida Yet al, 2003). Each group has four isomers (a, p, y and 8), 

making a total of 8 forms of vitamin E. The isomeric forms of tocotrienol are 
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distinguished by the number and location of the methyl groups on the chromanol 

rings: 8 tocotrienol is 8- monomethyl. Tocotrienols are natural vitamin E isomer 

found in select vegetable oils, cereal grains like rye, barley, wheat germ, oats, saw 

palmetto, palm, annatto seeds, rice bran and certain nuts. It is a potent antioxidant 

that is used as a nutritional supplement. Patients with various types of liver disease 

frequently have low serum vitamin E concentrations. The antioxidant property 

depends primarily on the phenolic group in the chromanol ring, rather than the side

chain (Niki E et al, 1985 and Steiner M et al, 1995). Some evidence suggests that 

enzymes of the gut bacteria in chickens can convert tocotrienols to tocopherols 

(Qureshi A.A et al, 2001 and 2002). 

Tocotrienols, like tocopherols, are capable of scavenging and quenching reactive 

oxygen species, also known as free radicals. Their antioxidative activity, however, 

resides mainly with the ability to neutralize peroxyl and alkoxyl radicals generated during 

lipid peroxidation (Burton G.W et al, 1990 and Kamal-Eldin A et al, 1996). Serbinova et 

al ( 1991) observed higher antioxidant activity with tocotrienols against lipid 

perioxidation in rat liver microsomes than with a-tocopherol (Sebrinova E et al, 1991 ). 

Suama et al ( 1993) reported that when rats or humans were treated with tocotrienols and 

tocopherols, tocotrienols provided higher oxidative protection compared to tocopherols 

(Suama C et al, 1993). Tocotrienols in the tocotrienol rich fraction (TRF) of palm oil 

were found to reduce total cholesterol and LDL- cholesterol levels through down 

regulation of hepatic HMG-CoA reductase activity (Iqbal Jet al, 2003). Chou et al 
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(2009) observed that rice bran oil rich in tocotrienols improved lipid abnormalities, 

reduced the artherogenic index and suppressed the hyperinsulinemic response in rats with 

streptozotocin/nicotinamide-induced type-2 diabetes mellitus (Chou T.W et al, 2009). In 

a similar study, TRF intake from palm oil in rats not only reduced serum glucose and 

glycated hemoglobin concentrations, it also reduced plasma total cholesterol, LDL

cholesterol and triglyceride levels, and increased levels of high- density lipoproteins 

(HDL-cholesterol), compared to the untreated group (Budin S.B et al, 2009). A 

combination of insulin and tocotrienol treatment prevented biochemical and molecular 

changes in the diabetic condition and reversed neuropathic pain through modulation of 

oxidative and reactive nitrogen stress and release of inflammatory cytokines in 

streptozotocin (STZ) induced diabetes in rats (Kuhad A et al, 2009 and Kuhad A, Bishnoi 

M et al, 2009). In a large study, a number of mechanisms were shown to contribute to its 

higher antioxidant activity compared to a- tocopherol. First, because of structural 

differences, tocotrienols may be more uniformly distributed in the lipid bilayer. Second, 

the chromanol ring of tocotrienols may interact more efficiently with the lipid bilayer 

than that of tocopherols. Third, tocotrienols may have a higher recycling efficiency 

(Sebrinova E et al, 1991). Fourth, cellular uptake oftocotrienols is 70 times higher than 

that of tocopherols (Saito Y et al, 2004 ). These factors may contribute to tocotrienol' s 

greater efficacy. These results indicate that tocotrienols have anti-lipidemic and anti

diabetic potential, which are the major factors in the etiology of NASH. 
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Tocotrienol isoforms. The isoforms of tocotrienols, which differ in their number 

of methyl groups on the prenyl side chain, also differ in their biological activities. In 

vitro studies suggest that there may be as much as a 30-fold difference in the ability of a, 

y, and 8 isomers of tocotrienol to inhibit cholesterol biosynthesis (Pearce B.C et al, 1992). 

Alpha-tocotrienol has higher antioxidant capacity than y-tocotrienol followed by 8-

tocotrienol (Kamal- Eldin A et al, 1996). This was reported in a study when y tocotrineol 

was administered orally in mice; y tocotrienols appeared faster in the plasma but at lower 

levels than tocopherols due to increased intestinal epithelial cell absorption (Tsuzuki W et 

al, 2007). The anti-proliferative potencies of the three isomers are; 8-tocotrienol higher 

than y-tocotrienol followed by a-tocotrienol (McIntyre B.S et al, 2000 and Inkouchi H et 

al, 2003). Tocotrienol rich fractions (TRFs) from palm oil and desmethyl tocorienols (y 

and 8) from annatto extract inhibit the enzyme HMG-CoA reductase (HMGR) in the de 

nova synthesis of cholesterol (Song B.L et al, 2006). Palm oil TRF improved whole body 

glucose utilization and insulin sensitivity in C57BLKS/J-Lepr db/db mice by regulating 

PPAR target genes (Fang et al, 2010). In an in vivo study, treatment of low-density 

lipoprotein receptor (LDLr)-deficient mice with lmg/day (50mg/kg/day) of y8 -

tocotrienols for one month showed a 28% and 19% reduction in cholesterol and 

triglyceride levels, respectively, whereas high-density lipoprotein (HDL) level was 

unaltered (Zaiden N et al, 2010). These results were confirmed in an in vitro model of 

HepG2 liver cell lines. The use of TRF from palm oil as treatment suppressed the 

upstream regulators of lipid homeostasis in STZ treated diabetic rats leading to the 
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suppression of triglycerides, cholesterol and VLDL biosynthesis as the primary benefit 

caused by ingestion of TRF (Budin S.B et al, 2009). The delta (8) isomer of tocotrienol 

(83T) has been reported to be an effective hypocholestrolemic agent (Pearce B.C et al, 

1992; Qureshi et al, 2001 and Zaiden Net al, 2010). 

Grape Seed Polyphenols 

Polyphenols from grape seed especially oligomeric proathocyanidins, have been 

known to have high antioxidant activity (Koga T et al, 1999 and Shi Jet al, 2003). Foods 

rich in proanthocyanidins have high oxygen radical absorbance capacity which has been 

linked to numerous health benefits such as weight management, cell health, and 

cardiovascular health. Studies have shown that phenolic compounds from plants may aid 

in the maintenance of lipid homeostasis by increasing anti-lipogenic activities such as 

increased lipid excretion or reduced absorption (Osada et al, 2006). Grape seed extract 

consists of compounds known as flavanoids, and flavan-3-ols or the proanthocyanidins. 

Polyphenols including falvonoids, flavan-3-ols (Appendix A, Figure 1) and their 

oligomeric forms (proanthocyanidins) have been reported to be successful in exhibiting 

several health beneficial effects including antioxidant, antimicrobial, cardiopreventive, 

anti-viral and neuro-protective (Aron et al, 2008). Antioxidant substances such as 

polyphenols have been widely recognized to hinder degenerative processes that underlie 

chronic diseases. 

Polyphenols found in grapes alter activities of important cell signaling enzymes 

such as tyrosine kinase, phosphodiesterases and phosphoinositide kinases (Harmon A. W 
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et al, 2001; Pinent.M et al, 2004 and Gruzman, A et al, 2009). Recent data show that the 

polyphenols from grapes decrease plasma triglycerides and cholesterol accumulation in 

the aorta of ovariectomized guinea pigs (Zern T.L et al, 2005). They produce results 

similar to resveratrol (Rayalam Set al, 2008). Both in vitro and in vivo studies show 

positive effects on reducing lipid synthesis, inflammation and therefore overall 

attenuation of steatohepatitis (Pinent. M et al, 2004 ). In another study atherogenic diet 

was used to induce steatohepatitis in C57BL/J6 mice, and resveratrol was used as 

treatment, resulted in amelioration of dyslipidemia and steatohepatitis induced by 

atherogenic diet (Ahn. J et al, 2008). The dimethylnitrosamine induced liver fibrosis in 

rats was reversed by resveratrol which was confirmed by histology showing improvement 

in hepatic steatosis, necro-inflammation, and fibrosis with reduction in alpha smooth 

muscle actin (a-SMA) (Lee E.S et al,2010 and Hong S.W, et al 2010). In a single

blinded crossover trial reported, that consumption of lyophilized grape powder per day 

(equivalent of 1.5 cups/d of grapes) lowered triacylglycerides by 15% and 6%, (P < 

0.002) in pre- and postmenopausal women (Zern T.L et al, 2005). In an in vitro study 

grape seed extract prevented the differentiation of adipocytes (Pinent Met al, 2005 and 

Baiges I et al, 2010). This was repeated in an in vivo study in female Wistar rats fed 

high-fat diet and treated with grape seed polyphenol extract (25 mg/kg-1 of body weight), 

which improved dyslipidemia by repressing lipogenesis and very low density lipoprotein 

(VLDL) assembly in the liver (Quesada. H et al, 2009). Another study used Sprague 

Dawley rats and fed them a high-fat diet supplemented with procyanidin-rich 
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polyphenols (1 %) from tea (TP), hops (HP) or apples (AP). The metabolites of 

procyanidins from apples, which are oligomers of (-)-epicatechin, as well as catechin 

monomer, modulated hepatic cholesterol 7a-hydroxylase (CYP7) enzyme activity and 

consequently increased the excretion of acidic steroids into feces (Osada et al, 2006). 

The hypo-cholesterolemic activity of GSP was most likely mediated by enhancing bile 

acid excretion (Feng Q et al, 2002, and Tsang C et al, 2005). These strongly suggest that 

polyphenols from grape seeds may act as functional agent for preventing and treating 

lipid altered metabolic states. Polyphenols from grape seeds may be beneficial for 

treatment and prevention of liver steatosis and inflammation and / or liver fibrosis (Sun 

G.Y et al, 1999; Khoshbaten Met al, 2010 and Aoun Met al, 2010). 

Increasing research has been done on the different forms of vitamin E, alone 

(Lavine et al, 2000) or in combination, with insulin sensitizers (Sanyal A.J et al, 2010), 

to reveal the most effective vitamin E isomer in nonalcoholic steatosis treatment. The 

general possible mechanisms that explain how grape seed polyphenols (GSP) (Puiggros 

et al, 2005; Del Bas et al, 2005; Osada et al, 2006; Cave Met al, 2007 and Allard JP et al, 

2008) exert protective effects on nonalcoholic steatohepatitis (NASH) have been studied 

and identified. However, knowledge of the mechanism of action of grape seed 

polyphenols and delta tocotrienol in steatohepatitis and fibrosis prevention is limited. 

Keeping in view the reviewed literature, the present study aims to investigate the effect of 

dietary supplementation of grape seed polyphenols (GSP) and delta tocotrienols (83T) in 

improvement of NASH histopathology in C57BL/J6 mice fed high fat diet 
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CHAPTER III 

MATERIALS AND METHODS 

The present study is part of a larger study. 

Animals 

Briefly Sixty-four 5-week old C57 /BL/J6 male mice, were obtained from Jackson 

Laboratories (Maine, US) and housed 4/cage. Mice were acclimated to the TWU vivarium 

with water and food ad libitum for 4 weeks at 25° C with a 12-hour light/dark cycle. All 

animals were cared for in accordance with the Texas Woman's University Institutional 

Animal Care & Use Committee (IUCAC) guidelines (Denton, TX). 

Diets 

A diet modeled on the high fat diet (HF) with 42% calories from fat (Teklad Diet 

88137) was utilized. The control diet followed American Institute ofNutrition (AIN), 

growth purified (all contents defined) diet (AIN-93 G, Normal fat- NF-C) recommendations 

with 7% calories from fat (Teklad Diet 09752). All diets were purchased from Harlan Teklad 

(Table 1, Appendix B). Food intake was measured and animal weights were recorded twice 

per week using a digital balance (Sartorius, Germany). Diets (experimental and control) 

were freshly prepared weekly by addition of supplements, either, 8 tocotrienols (8 3 T, 

DeltaGold® 70, American River Nutrition, Inc, MA) or grape seed extract (GSP, 
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Leucoselect,® lndena S.p.A, Spain) to TD 88137 (Table 1, Appendix B). Diets were stored 

at 4° C and feeding cups were replenished every 3rd day. Concentrations of 8 3T and GSP 

were used in accordance to Qureshi et al, 2001; Yu.Get al, 2006; Pinent et al, 2004 and 

Osada et al, 2006 for all groups. 

Experimental Design (Figure 1) 

All animals were acclimated for 4 weeks and were fed mouse chow; at this time point 

seven of the eight groups were started on high fat diet, with 42% calories from fat (HF) and 

were continued on the diet for 16 weeks. At the end of ten weeks, six of the seven groups on 

HF were continued on HF that was supplemented with 8 3T (0.025% & 0.05%) and or GSP 

(1 % &2%) respectively. 

Post acclimatization, all animals remained on their respective diets until the 

termination of the study. At the end of twenty weeks, all mice were fasted overnight, and 

sacrificed the next morning. Following decapitation, trunk blood of mice was collected. 

Two-hundred milligrams of tissue from each liver was immediately harvested for 

histopathological analyses and the remaining liver tissue was stored at -80°C for later 

analyses. 
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At the start of the study, all 8 groups with 8 mice per group were 

acclimated with mouse chow diet and water ad libitum 
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Figure 1: Flow chart of study design and time line 

HF - High-fat diet 

Group 1- AIN-93 G diet- Control 1, 7% calories from fat (NF-C) 

Group 2- high-fat diet - Control 2, 42% calories from fat (HF-C) 
24 

HF+2% 

GSP+0.05 

% 63T 



Group 3- high-fat diet+ grape seed poly phenols (2%) (HF+G2) 

Group 4- high-fat diet+ J-tocotrienol (0.05%) (HF+ TO.OS) 

Group 5- high-fat diet+ grape seed poly phenols (1 %) + £5-tocotrienol (0.025%) 

(HF+ Gl+TO.O25) 

Group 6- high-fat diet+ grape seed poly phenols (1 %) + £5-tocotrienol (0.05%) 

(HF+ Gl+TO.O5) 

Group 7- high-fat diet+ grape seed poly phenols (2%) + J-tocotrienol (0.025%) 

(HF+ G2+TO.O25) 

Group 8- high-fat diet+ grape seed poly phenols (2%) + 8-tocotrienol (0.05%) 

(HF+ G2+TO.O5) 

Histopathological Analyses 

Fresh liver samples were washed with phosphate buffered saline (IX PBS, pH 

7.4), cut into 3-4 mm cubes, and then immersed in modified Davidson's fluid and fixed at 

4° C for 24 hours with a change of fixative at 2-3 hours following the initial immersion 

(Latendresse et al, 2002). This was followed by serial dehydration of tissues in 70% 

ethanol for 3 hours twice, 90% ethanol for 2 hours, and then 100% ethanol twice for 2 

hours each, all at 4 °C. The solution changes were carried out sequentially to facilitate the 

transition of tissue samples from more polar to less polar solutions in the process of 

chemical dehydration in preparation for paraffin wax embedding. Then the tissue was 

placed in, a 50-50 ethanol -xylene solution for two hours at room temperature, followed 
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by 2 changes of 100% xylene for 2 hours each and then followed with a 50-50 xylene

wax solution at 60 °C for two to three hours. Then after two changes of 100% paraffin 

wax, the processed liver samples were placed in heated molds and then embedded in 

paraffin wax placed in molds with labels. After removal from the molds, the wax blocks 

with the embedded tissue were stored at 10° to l 5°C until sectioned. Paraffin embedded 

tissue was than sectioned at six micron using a rotary microtome (Reichert Inc.). 

Ribbons were then floated onto a 40° C water bath. After spreading, sections were then 

collected on a collagen coated subbed glass slides. Each glass slide had three serial liver 

sections. Liver from each of six mice for all eight groups were sectioned and analyzed. 

Ten to fifteen slides were prepared from each liver sample and the slides with sections 

were stored at 15°C until used (Appendix C). 

Analysis of histological changes was conducted by using slides from all the eight 

groups. Slides were stained in triplicate from each of six animals for each of the three 

stains used (1) Hematoxylin and Eosin; (2) Periodic Acid Schiff; and (3) Masson's 

trichrome. To conduct each staining procedure the slides were deparaffinized in three 

changes of xylene and sequentially rehydrated in graded ethanol (100, 90% and 70%) for 

3 to 5 minutes each. After the slides were stained they were serially dehydrated in graded 

ethanol (70, 90% and 100%) xylene and were than mounted with a cover-slip using 

permount as the mounting medium. 
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The hematoxylin and eosin (H&E) stain was used to assess liver morphology. 

Hematoxylin stain (American Master*Tech Scientific Inc. USA) allows evaluation of 

nuclear localization in the tissue; Eosin is used as a counterstain for protein and allows 

general assessment of hepatocyte cytoplasmic morphology. These stained sections were 

also used for morphometric analysis of lipid droplets in hepatocytes. 

Masson's Trichome stain (One Step Trichrome kit# KTTRGPT, American 

Master*Tech Scientific Inc. USA) was used to distinguish hepatocytes from the 

surrounding connective tissue. The collagen fibers secreted by connective tissue stains 

bluish, while nuclei are stained blue or black (Modified Mayer's Hematoxylin, American 

Master*Tech Scientific Inc. USA) and the background is stained red. In the trichrome 

stains, that employ more than one acid dye, use is made of dye competition to distinguish 

different cellular distributions. 

The periodic acid Schiff stain (PAS) (PAS stain kit# KTPAS, American 

Master*Tech Scientific Inc. USA) plus hematoxylin is used to detect glycogen stores and 

glycoproteins. In hepatic tissues sugars with adjacent hydroxyl groups (1, 2 glycols) or 

amino and hydroxyl groups are oxidized to aldehyde groups with periodic acid (0.5%). 

Schiffs reagent reacts with the aldehyde groups to produce a reddish or magenta 

appearing precipitate. This technique identifies a number of polysaccharides or 

carbohydrate-containing proteins with hydroxyls on adjacent carbons. The PAS sections 

were counter stained with hematoxylin for nuclear identification and light green stain for 
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cytoplasm. With PAS stain, the glycogen and glycoproteins were stained magenta or 

reddish purple and the nuclei are stained dark blue (Appendix C). 

All of the above staining techniques were carried out in triplicates for each liver 

sample of 8 mice per group. These observations under the light microscope were 

captured by the camera to get photomicrographs from each mouse per group which is 

represented as a single photomicrograph from each group as a panel from 4x to 40x 

magnification for comparisons and histopathological patterns and changes from them as 

qualitative data to analyze levels of steatosis and fibrosis using the grading scale 

(Appendix D). H&E stained slides with transparent area as lipid vacuoles within the 

hepatocytes were quantified using software (NIS-Element) for the light microscope 

(Eclipse 90i ® Nikon Inc., USA). The measurements were performed using area radii 

and circularity as the two main factors of selection on the H & E stained sections for 

counting the hepatic cells which had lipid vacuoles. Cells with lipid droplets were 

counted in ten randomly chosen areas, at 1 00X magnification for 0.56 mm2 of each area 

of a section selected. Each value is multiplied by 1.786 to correct to 1.0 mm2 (1.0 

mm2/0.56 mm2
). The total number of lipid droplet was divided by 10 to determine the 

mean number of lipid filled cells per mm2
• 

Staining with the above dyes therefore resulted in a known color and pattern 

based in part on the acid base characteristics of the tissue. Color varies not only with 

specific stains used, but also with the conditions that exist during preparation of the slide. 
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These include stages from the initial fixing in solution to the ionic strength of the staining 

solution and the differentiating solvents utilized after staining. 

Immunohistochemical Analysis 

To evaluate fibroblast infiltration that is indicative of fibrosis liver sections from 

three mice each of the eight, one control and remaining treated groups (six µm-thick 

sections of formalin-fixed, paraffin-embedded) were used for immunofluorescence 

staining, using rabbit anti-mouse alpha smooth muscle actin (a-SMA) antibody. Positive 

and negative controls on one of the three adjacent sections for each slide for each group 

were used for statistical analyses. Slides were deparaffinized in five changes of xylene 

and serially rehydrated in graded ethanol ( 100, 90% and 70% ). Slides were treated with 

0.1 mM EDTA for 15 minutes, and then rinsed in IX Phosphate buffered saline (PBS 

buffer) for 10 minutes. Slides were incubated with 10% donkey serum for one hour at 

37°C for blocking; primary rabbit polyclonal anti-a-SMA was added to sections only 

(1 :200 dilution, sc-130619, SantaCruz Biotechnology Inc.CA. USA) and then incubated 

overnight at 4° C, followed by the secondary antibody donkey anti-rabbit DyLight 594 

(1:200, 711-495-152, Jackson Immuno Research Inc, PA, USA) for at least one hour at 

37° C. The slides were rinsed with IX PBS buffer solution for 5 minutes thrice, nuclear 

staining was done using 4, 6-diamidino-2-phenylindole (DAPI) diluted into the mounting 

media (l.2µg/ml, VECTASHIELD, Vector Labs, CA USA). Negative controls were 
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performed by omitting the primary antibody. The presence of fibrosis as RSC-reactive - a

SMA was scored (Cohen P.A et al, 1997 and Lau D.T et al, 2005) (Appendix E). 

Statistical Analysis 

All samples were analyzed using a one-way analysis of variance (ANOVA) to compare diet 

and intervention mediated effects on whole body and tissue parameters. P <O .05 was 

considered as significant followed by the post hoc test known as least significance difference 

(LSD). Simple correlation and linear regression tests were performed to identify potential 

relationships among experimental parameters using SPSS, version 15. 
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CHAPTER IV 

RESULTS 

The present study utilized a high fat diet (HF) to induce hepatic steatosis and 

NASH in C57BL/J6 mice to investigate the effect of supplementing the HF diet with 

grape seed polyphenols (GSP) and delta tocotrienol (8 3T) for the last ten of the sixteen 

week HF diet treatment. The effects of HF diet with supplementation were evaluated by 

analysis of tissue weights and histopathological changes to features of NASH. Across 

this study of twenty weeks, sixty one C57BLJ/6 mice out of sixty four survived. This 

resulted in three groups with seven mice and five groups with eight mice each. The AIN-

93G, normal fat control (NF-C) group, high fat diet control (HF-C) group and one of the 

combination HF supplemented treatment group (HF+ 1 % Gl +T 0.025) had a total of 

seven mice while the remaining five supplemented groups had eight mice in each 

respective groups HF+ G2, HF+ T0.05, HF+Gl+T0.05, HF+G2+T0.025 and 

HF+G2+T0.05. 

Liver Weight and Combined Adipose Tissue Weight 

The mean liver weights for each group were calculated at termination of the 

treatment at 16 weeks. Mean liver weight was significantly higher (p<0.05) in HF-C 

(3.87±0.53 g) group compared to NF-C group (2.12±0.36 g). The liver weight of the 
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HF+T0.05 group was comparable to HF-C group. However, the liver weights of all HF 

groups supplemented with grape seed polyphenols (GSP) were significantly smaller than 

HF-C and HF+T0.05 (Table.I and Figure.2). The liver weights ofHF+G2 group was 

1.62±0.14 g followed by the four combination groups; (HF+G 1 +T0.025, 2.04±0.33 g; 

HF+Gl +T0.05, 1.99±0.14 g; HF+G2+T0.025, 1.61±0.17 g and HF+G2+T0.05group, 

1.64±0.10 g) compared to HF-C as 3.87±0.53 g indicating that GSP supplementation at 

either concentration (1 % &2%) produced smaller liver weights. Overall this suggests that 

no benefit was obtained from HF fed mice with c53T supplementation, and may provide 

little amelioration in the gross liver weight increase observed with NASH. 

The adipose tissue from each mouse was excised from epidydimal fat pad and 

peri-renal depots and weighed as combined adipose tissue weight from each group. The 

mean combined adipose tissue weights of each group were calculated for all groups 

(Table. 1 and Figure.2). There was increase in epididymal fat pad and peri-renal fat 

weight, which was clearly observed in HF-C mice (2.62±0.50 g). The adipose tissue 

weight of HF+ G2 group was 1.96±0.10 g and the four combination groups; 

HF+Gl +T0.025 was 2.43±0.48 g; HF+Gl +T0.05 was 2.43±0.17 g and; HF+G2+T0.025 

was 1.52±0.31 g; HF+G 1 + T0.025 was 2.02±0.03 g which was decreased compared to 

HF-C fed groups (p<0.05) (Table. l and Figure.2). 

The increase in liver weight and combined adipose weight was significant in HF

C fed mice compared to NF-C fed mice (p<0.05). There was significant reduction in liver 
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weight and combined adipose weight in HF+G2 fed group compared to HF-C fed 

(p<0.05) mice followed by all four combination supplemented groups. The data for mean 

liver weight and combined mean adipose weight are summarized in Table 1. 

Table 1 

Liver Weight and Combined Adipose Tissue Weight in C57BL/J6 mice 

Mean Liver weight Combined Adipose weight 
Parameters (2) (2) 

Group (n) 

NF-C 2.12±0.36 2.20±0.44 

HF-C 3.87±0.53# 2.62±0.50# 

HF+G2 1.62±0.14* 1.96±0.10* 

HF+T0.05 3.75±0.38 2.77±0.23 

HF+Gl+T0.025 2.04±0.33* 2.43±0.48 

HF+Gl+T0.05 1.99±0.14* 2.43±0.17 

HF+G2+T0.025 1.61±0.17* 1.52±0.31 * 

HF+G2+T0.05 1.64±0.10* 2.02±0.03* 

*P<0.05 compared to HF-C group, # P<0.05 compared to NF-C group, (n=8) 

Data points obtained by two-way paired ANOV A, SPSS. (Mean ±SE) 

NF-C, low fat control diet (n=7); HF-C, high fat control diet (n=7); HF+G2, HF+ 2% 
GSP; HF+T0.05, HF-C+ 0.05% delta tocotrienol; HF+Gl+T0.025, 
HF+ 1 ¾GSP+0.025% 63T (n=7); HF+Gl+T0.05, HF+ 1 ¾GSP+0.05% 63T; 
HF+G2+T0.025, HF+2%GSP+0.025% 63T; HF+G2+T0.05, HF+ 1 ¾GSP+0.025% 63T. 
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C57BL/J6 mice mean liver weight 
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Figure 2: Mean liver weight in C57BL/J6 mice with fatty livers in 8 groups 

* 

*PS0.05, compared to HF-C, # P<0.05, compared to NF-C, Mean± S.D, (n=8). 

NF-C control group (n=7); HF-C group (n=7); HF+G2 ,HF+ 2% GSP; HF+T0.05, 
HF+ 0.05% 8 3T; HF+Gl+T0.025, HF+l % GSP+0.025% 8 3T (n=7); HF+Gl+T0.05 
HF+ 1 % GSP+0.05% 8 3T ; HF+G2+T0.025 HF+2% GSP+0.025% 8 3T; HF+G2+T0.05 
HF+2% GSP+0.05% 8 3T . 
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C57BL/J6 average total adipose tissue weight at necropsy 
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Figure 3: Mean combined adipose tissue weight in CS 7BL/J 6 mice in 8 groups 

* 

*P~0.05, compared to HF-C, # P~0.05, compared to NF-C, Mean± S.D, (n=8) 

NF-C, control diet n=7; HF-C, high fat control diet n=7; HF+G2, HF+2% GSP ; 
HF+T0.05, HF+0.05% 8 3; HF+Gl +T0.025, HF+ 1 % GSE+0.025% 8 3T n=7; 
HF+Gl +T0.025 HF+ 1 % GSP +0.05% 8 3T; HF+G2+T0.025 HF+2% GSE+0.025% 8 
3T ; HF+G2+T0.05 HF+2% GSE+0.05% 8 3T. 
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Histopathological Analyses with Stains 

Liver histology of all the groups was evaluated to investigate the occurrence of 

NASH and effect of supplementation of HF-C in amelioration of steatosis and or liver 

fibrosis by immunohistochemistry. 

Hematoxylin and Eosin (H&E) Stained Photomicrographs 

Hepatic steatosis analysis. H&E stained liver sections (Figures 4.1 to 4. 7) 

demonstrated the morphological changes of the liver tissue where hematoxylin stained 

the nuclei as bluish-black and eosin as the counter stain with pink to light red for the 

cytoplasm of the hepatocytes. Figure 4.1 shows representative images ofliver H&E 

stained sections from NF-C (A-D) and HF-C (E-H) groups and figure 4.2-4.7 show 

sections ofliver from HF supplemented groups. Sections from HF-control showed fat 

accumulation in the liver cells (Figure.4.1, E-H). The photomicrographs of the livers 

from HF-C fed mice had enlarged hepatocytes with ballooning degeneration, micro and 

macrovesicular steatosis. After 20 weeks of continued high fat feeding, lipid droplets 

became visible. The number of the droplets increased with time and on calculation as 

fraction area in mm2 was 31.02±0.87 for HF-C group (Table 2). Steatosis advanced to a 

more severe degree with continued HF feeding. Thus the mice in the HF-C fed group 

developed grade 2 (30 to 60%) steatosis. Overall, no abnormalities were observed in the 

liver tissues of the NF-C fed mice (Figure 4.1, A-D). The lipid droplet fractional area was 

lower 18.70 ± 0.94 (Table 2, p# 44) 
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Figure 4.1: Liver morphology stained with H&E from NF-C and HF-C groups. (4X, 10 

X, 20X &40X). (A-D) NF control group and (E-H) HF control group. Normal liver 

parenchyma with hepatocytes (pink), sinusoids and portal tracts were observed in control 

AIN-G group (A-D).Macrovesicular and microvesicular steatosis and ballooning 

degeneration. 
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Figure 4.2: Liver morphology stained with H&E from HF-C and HF+G2 groups. (4X, 10 

X, 20X &40X). (A-D) HF control group versus (E-H) HF+G2 group; Macrovesicular and 

microvesicular steatosis and ballooning degeneration central vein in the liver (A-D). 

Marked reduced macrovesicular and microvesicular steatosis and ballooning 

degeneration in hepatocytes (E-H). 
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Figure 4.3: Liver morphology stained with H&E from HF-C and HF+T0.05 groups. (4X, 

10 X, 20X &40X). (A-D) HF control group versus (E-H) HF+T0.05 group. 

Disorganization of hepatic chords, macro vesicular and microvesicular steatosis and 

ballooning degeneration central vein in the liver (A-D). No reduction in macrovesicular 

and microvesicular steatosis and ballooning degeneration in hepatocytes (E-H). 
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Figure 4.4: Liver morphology stained with H&E from HF-C and HF+Gl +T0.025 groups. 

(4X, 10 X, 20X &40X). (A-D) HF control group versus (E-H) HF+Gl +T0.025 group; 

Macrovesicular and microvesicular steatosis and ballooning degeneration central vein in 

the liver (A-D). Reduced macrovesicular and microvesicular steatosis and ballooning 

degeneration in hepatocytes (E-H). 
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(4X, 10 X, 20X &40X). (A-D) HF control group versus (E-H) HF+Gl +T0.05 group. 

Macrovesicular and microvesicular steatosis and ballooning degeneration central vein in 

the liver (A-D). Mild macrovesicular and microvesicular steatosis and ballooning 

degeneration in hepatocytes (E-H). 
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frigure 4.6: Liver morphology stained with H&E from HF-C and HF+G2+T0.025 group;. 

(4X, 10 X, 20X &40X). (A-D) HF control group versus (E-H) HF+G2+T0.025 83T 

group. Macrovesicular and microvesicular steatosis and ballooning degeneration central 

vein in the liver (A-D). Mild macrovesicular and microvesicular steatosis and ballooning 

degeneration in hepatocytes (E-H). 
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Figure 4. 7: Liver morphology stained with H&E from HF-C and HF+G2+T0.05 groups. 

(4X, 10 X, 20X &40X). (A-D) HF-C control group versus (E-H) HF+G2+T0.05 group. 

Macrovesicular and microvesicular steatosis and ballooning degeneration central vein in 

the liver (A-D). Mild macrovesicular and microvesicular steatosis and ballooning 

degeneration in hepatocytes (E-H). 
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On microscopic observation liver specimens from mice fed HF with dietary 

supplements were different in the morphology and showed reduced steatosis between the 

control and treatment groups (Figure 4.1-4. 7). Liver sections from HF with GSP 

supplemented groups showed significant changes as compared to HF-C group. There was 

reduced fat accumulation. After 10 weeks of HF supplementation with 2% GSP (Figure 

4.2, E-H) there was a visible reduction of steatosis and ballooning ofhepatocytes and 

lower tissue degeneration. In the HF+G2 fed sections; hepatocytes had no microvesicular 

and or macro vesicular steatosis. There was presence of mild to moderate hepatic lobular 

degeneration. The lipid droplets fractional area in mm2 reduced substantially to 14.04 

±0.98 (Table 2) compared to HF-C with 31.02±0.87. Since the steatosis was initially due 

to HF feeding, GSP supplementation reduced it from a severe to a mild grade (grade 1, 

> 10% steatosis ). It showed mild to zero lobular degeneration and focal necrosis. The 

H+T0.05 group (Figure 4.3, E-H) had moderate fat accumulation in the hepatocytes with 

ballooning, microvesicular and macrovesicular steatosis. The lipid droplet fractional area 

was 29.60±1.015 with moderate steatosis (30%) (Table 2), which was close to HF-C fed 

group with the fractional area of 31.02±0.87. 

All the combination supplement groups (Figure 4.4 to 4. 7) showed 

histopathological changes similar to HF+G2 group; they were significantly different 

compared to HF-C group. They had observable reduction in steatosis with mild 

microvesicular and or macrovesicular, low ballooning degeneration with random 

distribution of mild to moderate hepatic lobular degeneration. The lipid droplet fractional 
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area was similar to HF+G2 fed diet and lower than HF-C group, with a mild steatosis at 

grade 1 (> 10% steatosis) (Table 2). The histological images therefore are comparable 

and follow the trend similar with data obtained as mean liver weights and adipose tissue 

weights, where the HF-C group had significantly higher tissue weights compared to NF

C fed group while HF supplemented with GSP demonstrated reduction in tissue weights. 

Table 2 

Results of Histopathological Findings for Liver Steatosis 

Groups Liver Steatosis 
fraction area / total area 

( cells/mm2) 
NF-C, n=7 18.70±0.94 

HF-C, n=7 31.02±0.87# 

HF+G2, n=8 14.04±098* 

HF+ T0.05, n=8 29.60±1.01 

HF+G 1 + T0.025, n=7 16. 5 6± 1. 7 5 * 

HF+Gl+T0.25, n=8 8.69±0.64* 

HF+G2+ T0.025, n=8 8.85±093* 

HF+G2+T0.25, n=8 8.62±0.64* 

*P <0.01 is the significant difference from HF-C group, n=8. 

(NF-C, low fat control, HF-C, HF+G2-HF +2%GSP, HF+T0.05- HF 
+0.05%delta tocotrienol, HF+Gl+T0.025- HF-C+ 1 % GSE+0.025% delta tocotrienol, -
HF+Gl+T0.05-HF-C+ 1 % GSE+0.05% delta tocotrienol, HF+G2+T0.025-HF-C+2% 
GSE+0.025% delta tocotrienol, HF+G2+T0.05-HF-C+2% GSE.05% delta tocotrienol) 
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The values represent the means ±SEM. Data points obtained by using two way 

paired ANOV A, SPSS. The fractional area (mm2
) from total fat droplet area in each liver 

section for eight groups stained with H&E was calculated to evaluate steatosis. 

Morphometric Analysis of H&E Stained Photomicrographs 

Morphometric analysis of the lipid droplets using the software (NIS- Element, 

Nikon, USA) with H & E stained tissue sections was done. The calculated numerical 

values for all groups are shown in Table 2 and Figure 5.1 and 5.2. The percent lipid 

droplet as fractional area for HF-C group (n=7) was the highest with 31.02±0.87 and NF

C modified group (n=7) as 18.70 ± 0.94 (p<0.05). This shows that the HF+T0.05 group 

was comparable to HF-C group. The GSP supplemented group and all the four 

combination groups had the lowest values compared to HF-C where the HF-C+ G2 group 

(n=8) as 14.04 ±0.98 was lower than HF-C. The remaining 3 out of 4 combination 

groups also had lower numerical values with (HF+Gl +T0.025) had a mean area of 16.56 

±1.75 lowest among the combination groups (Figure 5.1 and 5.2). This suggests that 

GSP may reduce steatosis in liver tissue of the mice in the HF + GSP supplemented 

groups. 
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X) from all groups. H&E stained mice liver sections (lOX) histomicrograph with percent 

lipid droplet area analysis by using software NIS-elements, Nikon, USA to calculate 

percent lipid droplet area (cells/mm2
). (A) NF-C control group (E) HF-C control group, 

(B) HF-C+ G2 group (F) HF-C+T0.05 group,(C) HF+Gl +T0.025,(G) HF+Gl +T0.05 

group, (D) HF+G2+T0.025 group and (H) HF+G2+T0.05 group. 
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Percent lipid droplets in C57BL/J6 mice liver tissue slides by 
H & Estain 
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Figure 5.2: Area plot (cells/ mm2
) of C57BL/J6 mice liver tissue sections after H & E 

stain. *P:S0.05, compared to HF-C control,# P:S 0.05, compared to AIN-G control)± S.D, 

(n=8). Data points obtained by using two-way paired ANOVA, SPSS.NF-C control 

(white bar), HF-C control (black bar), HF+G2-HF-C+ 2% GSP (gray bar), HF+T0.05-

HF-C+ 0.05% 8 3T (gray textured bar), HF+Gl +T0.025(white textured bar), 

HF+Gl +T0.05 (white gradient bar), HF+G2+T0.025(white textured bar), 

HF+G2+T0.05 (white gradient bar). 
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Periodic Acid Stain (P.A.S) Stained Photomicrographs 

Hepatic glycolipid storage analysis. P.A. S staining was performed to 

investigate the effect of high fat diet on liver glycogen and or glycolipids stores (Figures 

6.1 - 67, (A-H) 4x, lOx, 20x & 40x). The HF-C (Figure 6.1, E-H) group showed 

moderate staining for glycogen stores as sporadic aggregation of pink color areas (Figure 

6.1, E-H 4x, l0x, 20x & 40x) compared to NF-C (Figure 6.1, A-D) control group. There 

were no other morphological changes in the liver sections with P.A.S staining. The 

hepatocytes were stained light green with heamotoxylin stained nuclei throughout the 

sections. The sections showed uniform staining for cytoplasm and the nuclei for HF-C 

group and NF-C group. The liver sections from the HF-C supplemented with GSP 

(HF+G2) (Figure 6.2, E-H) had green cytoplasm and bluish-black nuclei and no pink 

color aggregates compared to HF-C group. While the HF+T0.05 (Figure 6.3, E-H) group 

showed moderate sporadic pink aggregates which show the presence of glycogen and or 

glycoprotein stores. There were no observable changes in the histology of the liver 

sections from combination groups (Figure 6.4 to 6. 7). 
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Figure 6.1: Liver glycogen stores stained with P.A.S from NF-C and HF-C group. (4X, 

10 X, 20X &40X). (A-D) AIN-G control group and (E-H) HF-C control group, HF-C 

group; Normal liver parenchyma with hepatocytes (light green), sinusoids observed in 

control AIN-G group (A-D).Aggregates of storage form of carbohydrates mostly 

glycogen (pink) in HF-C group. 
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Figure 6.2: Liver glycogen stores stained with P.A.S from HF-C and HF+G2 groups. 

(4X, 10 X, 20X &40X). (A-D) HF-C control group and (E-H) HF-C + 2% GSE group; 

aggregates of storage form of carbohydrates mostly glycogen (pink) in HF-C group (A

D).Diffused storage form of carbohydrates mostly glycogen (pink) in HF+G2 group. 
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Figure 6.3: Liver glycogen stores stained with P.A.S from HF-C and HF+T0.05 groups. 

(4X, 10 X, 20X &40X). (A-D) HF-C control group and (E-H) HF-C + 0.05% 83T group; 

aggregates of storage form of carbohydrates mostly glycogen (pink) in HF-C group (A

D).Mild aggregates of storage form of carbohydrates mostly glycogen (pink) in 

HF+T0.05 group. 
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Figure 6.4: Liver glycogen stores stained with P.A.S from HF-C and HF+Gl +T0.025 

groups. (4X, 10 X, 20X &40X). (A-D) HF-C control group and (E-H) IA- HF-C + 1 % 

GSE +0.025% 83T group; aggregates of storage form of carbohydrates mostly glycogen 

(pink) in HF-C group (A-D).Diffused storage form of carbohydrates mostly glycogen 

(pink) in HF+G 1 + T0.025 group. 
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Figure 6.5: Liver glycogen stores stained with P.A.S from HF-C and HF+Gl +T0.05 ... 

groups. (4X, 10 X, 20X &40X). (A-D) HF-C control group and (E-H) IB- HF-C + 1 % 

GSE +0.05% 83T group; aggregates of storage form of carbohydrates mostly glycogen 

(pink) in HF-C group (A-D).Diffused storage form of carbohydrates mostly glycogen 

(pink) in HF+G 1 + T0.05 group. 
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Figure 6.6: Liver glycogen stores stained with P.A.S from HF-C and HF+G2+T0.025 

groups. (4X, 10 X, 20X &40X). (A-D) HF-C control group and (E-H) IIA- HF-C + 2% 

GSE +0.025% 83T group; aggregates of storage form of carbohydrates mostly glycogen 

(pink) in HF-C group (A-D).Reduced storage form of carbohydrates mostly glycogen 

(pink) in HF+G2+T0.025 group. 
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Figure 6. 7: Liver glycogen stores stained with P.A.S from HF-C and HF+G2+T0.05 

groups. (4X, 10 X, 20X &40X). (A-D) HF-C control group and (E-H) IIB- HF-C + 2% 

GSE +0.05% 83T group; aggregates of storage form of carbohydrates mostly glycogen 

(pink) in HF-C group (A-D).Diffused storage form of carbohydrates mostly glycogen 

(pink) in HF+G2+T0.05 group. 
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Masson's Trichrome Stained Photomicrographs 

Liver sections stained with Masson's trichrome were used to detect collagen 

accumulation as filaments of light blue-green color with reddish to magenta colored 

cytoplasm and heamtoxylin stained bluish-black nuclei (Figure 7.1-7. 7). 

Morphometric analysis and hepatic fibrosis. All the photomicrographs stained 

with Masson's trichrome used to calculate and score fibrosis from 0-4 with O being 

absence of fibrosis and 4 as highest degree of fibrosis (Table 3). Hepatic fibrosis was 

observed by Masson's trichrome stain in HF-C group with collagen deposition which was 

observed as light blue filaments. Liver sections from HF-C (Figure 7.1, E-H) fed mice 

demonstrated significant fibrosis. Fibrosis was seen in portal areas; perisinusoidal fibrosis 

and occasionally perivenular and periportal fibrosis (score 2, Table 3) compared to NF-C 

(Figure 7.1, A-D) group. No histological signs of hepatic fibrosis were observed in the 

NF-C group (score 1, Table 3). There was moderate blue staining on the sinusoidal walls 

of the hepatocytes which were enlarged and had visible lobular degeneration in HF-C 

group. 

The characteristic blue filamentous color was absent in the HF-C supplemented 

with GSP, the HF-C+G2 group (Figure 7.2, E-H) compared to HF-C group. There was no 

collagen staining and the tissue architecture was maintained, with sporadic perisinusoidal 

fibrosis (score 0, Table 3). The HF+T0.05 group (Figure 7.3, E-H) had moderate collagen 

staining as blue color filaments in the cytoplasm with both perisinusoidal and occasional 
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periportal fibrosis (score 2, Table 3) compared to HF-C group. The four combination 

groups (Figure 7.5- 7.8, E-H) liver sections were similar to the single supplemented GSP 

group with no evidence of collagen accumulation and blue filaments in the cytoplasm and 

or sinusoidal fibrosis (score 0, Table 3). 

Table 3 

Results of Histopathological Findings for Liver Fibrosis 

Liver 
Groups fibrosis Liver fibrosis Liver fibrosis 

a-SMA a-SMA a-SMA 
expression expression expression 

(0-4), 
Scores percent erade 

NF-C, n=7 1.11 >30% g-1 

HF-C, n=7 2.56# 30-60% g-2 

HF+G2, n=8 0.78* >10% g-1 

HF+ T0.05, n=8 2.33 30-60% g-2 

HF+G 1 + T0.025, n=7 0.56* >10% g-1 

HF+G 1 + T0.25, n=8 0.61 * >10% g-1 

HF+G2+T0.025, n=8 0.39* >10% g-1 

HF+G2+T0.25, n=8 0.22* >10% g-1 

*P <0.01 is the significant difference from HF-C group, n=8. 

(a- SMA, a-smooth muscle actin, NF-C, low fat control, HF-C, HF+G2-HF +2%GSP, 
HF+T0.05- HF +0.05%delta tocotrienol, HF+Gl+T0.025- HF-C+ 1 % GSE+0.025% 
delta tocotrienol, - HF+Gl+T0.05-HF-C+ 1 % GSE+0.05% delta tocotrienol, 
HF+G2+T0.025-HF-C+2% GSE+0.025% delta tocotrienol, HF+G2+T0.05-HF-C+2% 
GSE.05% delta tocotrienol) 
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Fibrosis scores were calculated as mean value for each group and assigned in a 

blinded fashion to a-SMA expression by immunohistochemsitry (Batts K.P et al, and 

Ludwig J .et al, 1995). The criteria for each score were previously described in the 

materials and methods section. 
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Figure 7.1: Liver collagen fiber stained with Masson's trichrome from NF-C and HF-C 
groups. (4X, 10 X, 20X &40X) 

(A-D) AIN-G control group and (E-H)versus HF-C control group, HF-C group; Normal 
liver parenchyma with hepatocytes (magenta), sinusoids and portal tracts were observed 
in control NF-C (A-D).Disorganization of hepatic chords, increased number of 
degenerated hepatocytes, fibrosis in the form of delicate bands (blue), and inflammatory 
cell infiltration (E-H) 
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Figure 7.2: Liver collagen fiber stained with Masson's trichrome from HF-C and HF+G2 
groups. ( 4X, 10 X, 20X &40X) 

(A-D) HF-C control group and (E-H) versus HF-C+G2 group; Disorganization of hepatic 
chords, increased number of degenerated hepatocytes, fibrosis in the form of delicate 
bands (blue), and inflammatory cell infiltration infiltration (A-D). Mild disorganization of 
hepatic chords, a decrease in degenerated hepatocytes, moderate fibrosis in the form of 
delicate bands (blue) and inflammatory cell infiltration (E-H) 
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Figure 7.3: Liver collagen fiber stained with Masson's trichrome from HF-C and 
HF+T0.05 groups. (4X, 10 X, 20X &40X) 

(A-D) HF-C control group and (E-H) versus HF+T0.05 group; Disorganization of hepatic 
chords, increased number of degenerated hepatocytes, fibrosis in the form of delicate 
bands (blue), and inflammatory cell infiltration (A-D).Moderate disorganization of 
hepatic chords, increased number of degenerated hepatocytes, moderate fibrosis in the 
form of delicate bands (blue), and no inflammatory cell infiltration (E-H) 
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Figure 7.4: Liver collagen fiber stained with Masson' s trichrome from-HF-C and 
HF+Gl +T0.025 groups. (4X, 10 X, 20X &40X) 

(A-D) HF-C control group and (E-H) HF+Gl +T0.025 group; Disorganization of hepatic 
chords, increased number of degenerated hepatocytes, fibrosis in the form of delicate 
bands (blue), and inflammatory cell infiltration (A-D). Mild disorganization of hepatic 
chords, a decrease in degenerated hepatocytes, moderate fibrosis in the form of delicate 
bands (blue) and inflammatory cell infiltration (E-H) 
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Figure 7.5: Liver collagen fiber stained with Masson's trichrome from HF-C and 
HF+Gl +TO.OS groups. (4X, 10 X, 20X &40X) 

(A-D) HF-C control group and (E-H) HF+Gl +T0.05 group; Disorganization of hepatic 
chords, increased number of degenerated hepatocytes, fibrosis in the form of delicate 
bands (blue), and inflammatory cell infiltration (A-D). Mild disorganization of hepatic 
chords, a decrease in degenerated hepatocytes, moderate fibrosis in the form of delicate 
bands (blue) and inflammatory cell infiltration (E-H) 
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Figure 7.6: Liver collagen fiber stained with Masson's trichrome from HF-C and 
HF+G2+T0.025 groups. (4X, 10 X, 20X &40X) 

(A-D) HF-C control group and (E-H) HF+G2+T0.025 group; Disorganization of hepatic 
chords, increased number of degenerated hepatocytes, fibrosis in the form of delicate 
bands (blue), and inflammatory cell infiltration (A-D). Mild disorganization of hepatic 
chords, a decrease in degenerated hepatocytes, moderate fibrosis in the form of delicate 
bands (blue) and inflammatory cell infiltration (E-H) 
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Figure 7. 7: Liver collagen fiber stained with Masson's trichrome from -HF-C and 
HF+G2+T0.05 groups. (4X, 10 X, 20X &40X) 

(A-D) HF-C control group and (E-H) HF-C+2% GSE+0.05% 83T(IIB) group; 
Disorganization of hepatic chords, increased number of degenerated hepatocytes, fibrosis 
in the form of delicate bands (blue), and inflammatory cell infiltration (A-D). Mild 
disorganization of hepatic chords, a decrease in degenerated hepatocytes, moderate 
fibrosis in the form of delicate bands (blue) and inflammatory cell infiltration (E-H) 
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Immunohistochemical Analysis 

Immunohistochemical Analysis for a-SMA Using Confocal Microscopy 

Immunohistochemical staining was performed to confirm the presence of fibrosis 

and evaluate the effect ofHF-C supplementation with GSP and 63T (Figure 8.1-8.8, 

Table 3, pg# 57) on the secretion of collagenous substances after steatosis. Alpha smooth 

muscle actin (a-SMA) was used to assess hepatic fibrosis by immunostaining. In the HF

C (Figure 8.1, B) fed control livers, a-SMA was localized along the blood vessels and 

occasionally on the sinusoidal walls. In the livers of HF-C fed mice, weak a-SMA 

staining was observed on the sinusoidal wall compared to NF-C group (Figure 8.2, B). 

Cells stained positive for a-SMA were largely localized along the sinusoidal wall 

and in areas with high perisinusoidal fibrosis. The HF-C group liver sections had high 

intensity of activated hepatic stellate cells with large cytoplasmic processes strongly 

positive for a-SMA present adjacent to fibrotic areas compared to NF-C and GSP groups 

(Figures 8.1, Band 8.2, A). While the HF-C+G2 (Figure 8.3, B) supplemented group 

showed a significant reduction in the intensity of the immunostain of a-SMA antibody, 

especially in the hepatocytes in the perivenucular areas with score of O (Table 3). The 

nuclei were well organized and there was no change in shape or size. The HF-C and 

HF+ T0.05 (Figure 8.4, B) were observed to have cytoplasmic processes strongly positive 

for a-SMA and score 2 (Table 3, pg# 57). 
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In the four combination supplemented groups (Figure 8.5 to 8.8, B) there was 

reduction in the intensity of the a-SMA immunostain and the score were O (Table 3), 

which relates to reduction of hepatic steallate cell activation and improvement of liver 

fibrosis. The extent of fibrosis measured by histological scoring (Table 3) in the HF-C 

group versus the HF-C+G2 group suggests that decrease in a-SMA correlates to 

reduction of HSC activation, and therefore reduction in hepatic fibrosis. 
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Figure 8.1: Liver a-SMA immunostained with fluorescent antibody (20X) from HF-C 

and NF-C groups. 

Hepatic a-SMA-positive cells (indicated by arrows) were detected by 

immunohistochemical staining at 20 weeks. The stained photographs show the nuclei as 

blue dots, and the smooth muscle actin as pink network. (A)HF-C group,(B-D) NF-C 

group. The photos (B) & (D) are controls with no secondary antibody and no primary 

antibody respectively of AIN-G group. The original magnification was xl00. For a

SMA, anti-mouse primary antibody was used (1 :200) dilution and later the secondary 

antibody with DyLight 594 was used (1 :200) and mounting media with DAPI was used to 

stain the liver sections of C57BL/J6 mice. 
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Figure 8.2: Liver a-SMA immunostained with fluorescent antibody (20X) from NF-C 

and HF-C groups. 

Hepatic a-SMA-positive cells (indicated by arrows) were detected by 

immunohistochemical staining at 20 weeks. The stained photographs show the nuclei as 

blue dots, and the smooth muscle actin as pink network. (A)AIN-G group, (B-D) AIN-G 

group. The photos (B) & (D) are controls with no secondary antibody and no primary 

antibody respectively in HF-C group. The original magnification was xl00. For a-SMA, 

anti-mouse primary antibody was used (1 :200) dilution and later the secondary antibody 

with DyLight 594 was used (1 :200) and mounting media with DAPI was used to stain the 

liver sections of C57BL/J6 mice. 
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Figure 8.3: Liver a-SMA immunostained with fluorescent antibody (20X) from HF-C 

and HF +G2 groups. 

Hepatic a-SMA-positive cells (indicated by arrows) were detected by 

immunohistochemical staining at 20 weeks. The stained photographs show the nuclei as 

blue dots, and the smooth muscle actin as pink network. (A)HF-C group (B-D) HF-C+ 

2% GSE group. The photos (B) & (D) are controls with no secondary antibody and no 

primary antibody respectively in HF-C+2% GSE group. The original magnification was 

xl00. For a-SMA, anti-mouse primary antibody was used (1 :200) dilution and later the 

secondary antibody with DyLight 594 was used (1 :200) and mounting media with DAPI 

was used to stain the liver sections of C57BL/J6 mice. 

71 



Figure 8.4: Liver a-SMA immunostained with fluorescent antibody (20X) from HF-C 

and HF+T0.05 groups. 

Hepatic a-SMA-positive cells (indicated by arrows) were detected by 

immunohistochemical staining at 20 weeks. The stained photographs show the nuclei as 

blue dots, and the smooth muscle actin as pink network. (A)HF-C group, (B-D) 

HF+ TO.OS group. The photos (B) & (D) are controls with no secondary antibody and no 

primary antibody respectively in HF-C+0.05% 83T group. The original magnification 

was x 100. For a-SMA, anti-mouse primary antibody was used (1 :200) dilution and later 

the secondary antibody with DyLight 594 was used (1 :200) and mounting media with 

DAPI was used to stain the liver sections of C57BL/J6 mice. 
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Figure 8. 5: Liver a-SMA immunostained with fluorescent antibody (20X) from HF-C 

andHF+Gl+T0.025 groups. 

Hepatic a-SMA-positive cells (indicated by arrows) were detected by 

immunohistochemical staining at 20 weeks. The stained photographs show the nuclei as 

blue dots, and the smooth muscle actin as pink network. (A)HF-C group, (B-D) 

HF+Gl +T0.025 group. The photos (B) & (D) are controls with no secondary antibody 

and no primary antibody respectively in HF+Gl +T0.025 group. The original 

magnification was xl00. For a-SMA, anti-mouse primary antibody was used (1 :200) 

dilution and later the secondary antibody with DyLight 594 was used (1 :200) and 

mounting media with DAPI was used to stain the liver sections of C57BL/J6 mice. 
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Figure 8.6: Liver a-SMA immunostained with fluorescent antibody (20X) from HF-C 

and HF+G 1 + T0.05 groups. 

Hepatic a-SMA-positive cells (indicated by arrows) were detected by 

immunohistochemical staining at 20 weeks. The stained photographs show the nuclei as 

blue dots, and the smooth muscle actin as pink network. (A)HF-C group (B-D) 

HF+Gl +T0.05 group. The photos (B) & (D) are controls with no secondary antibody and 

no primary antibody respectively in HF+G 1 + T0.05 group. The original magnification 

was xl00. For a-SMA, anti-mouse primary antibody was used (1 :200) dilution and later 

the secondary antibody with Dy Light 594 was used (1 :200) and mounting media with 

DAPI was used to stain the liver sections of C57BL/J6 mice. 
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Figure 8. 7: Liver a-SMA immunostained with fluorescent antibody (20X) from HF-C 

and HF+G2+T0.025 groups. 

Hepatic a-SMA-positive cells (indicated by arrows) were detected by 

immunohistochemical staining at 20 weeks. The stained photographs show the nuclei as 

blue dots, and the smooth muscle actin as pink network. (A)HF-C group (B-D) 

HF+G2+T0.025 group. The photos (B) & (D) are controls with no secondary antibody 

and no primary antibody respectively in HF+G2+T0.025 group. The original 

magnification was x 100. For a-SMA, anti-mouse primary antibody was used (1 :200) 

dilution and later the secondary antibody with DyLight 594 was used (1 :200) and 

mounting media with DAPI was used to stain the liver sections of C57BL/J6 mice. 
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Figure 8. 8: Liver a-SMA immunostained with fluorescent antibody (20X) from HF-C 

and HF+G2+T0.05 groups. 

Hepatic a-SMA-positive cells (indicated by arrows) were detected by 

immunohistochemical staining at 20 weeks. The stained photographs show the nuclei as 

blue dots, and the smooth muscle actin as pink network. (A)HF-C group (B-D) 

HF+G2+T0.05 group. The photos (B) & (D) are controls with no secondary antibody and 

no primary antibody respectively in HF+G2+T0.05 group. The original magnification 

was xl 00. For a-SMA, anti-mouse primary antibody was used (1 :200) dilution and later 

the secondary antibody with Dy Light 594 was used (1 :200) and mounting media with 

DAPI was used to stain the liver sections of C57BL/J6 mice 
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CHAPTER V 

DISCUSSION 

This study induced steatohepatitis in C57BLJ/6 mouse model using a high fat 

(HF) diet and observed beneficial effect of supplementation of dietary grape seed 

polyphenols (GSP) and delta tocotrienols (63T) on tissue weights and hitopathological 

changes characteristic of human NASH. 

The mean liver weights were significantly different in HF control (HF-C) group 

than the normal fat control (NF-C) group. This study is similar with the earlier study with 

C57BL/J6 mouse model where high fat diet was used to induce NASH-like characteristic 

features (Sundaresan Set al, 2010). The changes in the liver weight can be attributed to 

various known mechanisms, the primary one is the increased delivery of free fatty acids 

to the liver via diet which may lead to the accumulation of fat mainly triglycerides and 

therefore cause steatosis in HF-C fed mice (Wanless LR et al, 2004 and Fan J.G et al, 

2008). There was a significant effect of supplementation with dietary GSP in (HF +G2) 

group, mice had reduced liver weight and adipose tissue weights followed by all the 

combination groups with GSP and 83T. This significant change in liver and adipose 

tissue weights with GSP supplementation alone and with delta tocotrienol shows the 

beneficial effects and the use of GSP as a treatment agent in NASH. The earlier studies 

with resveratrol, a bioactive compound found in grapes show similar results (Ahn.Jet al, 

2008) 
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On histopathological analysis the HF diet fed mice seem to have developed 

steatosis (at least 33%) at the end of 20 weeks. Results from the three histology stains of 

liver (H&E, PAS and Masson's trichrome) suggest a possible link between GSP alone 

and with 83 T as a supplement in HF diet, and the reduction of histopathological signs of 

NASH. There is observable reduction of lipid droplets as fractional area (% /total area 

per mm2) in HF+G2 fed liver sections followed by the four combination groups whose 

mice liver sections also showed reduction in the lipid droplet area. The HF +G2 fed mice 

demonstrated marked reduction of microvesicular and macrovesicular steatosis. This 

positive action of GSP may be attributed to either anti-lipogenic action or increased lipid 

oxidation or excretion (Osada et al, 2006 and Ahn.Jet al, 2006) which is the primary 

effect of GSP supplementation in liver. This might be indirectly supported by the 

reduction the liver glycolipid storage as observed by PAS stained sections. Thus the 

present data is in agreement with the earlier in vivo and in vitro reports showing that 

grape seed polyphenols have a beneficial effect in reducing steatosis (Pinent M et al, 

2005; Quesada. H et al, 2009 and Baig es I et al, 2010) 

The relation between liver fibrosis and steatosis is not clearly known, there is an 

indirect correlation which connects the hepatic stellate cells (HSC) activation and 

increase in secretion of a-SMA after steatosis occurs. An increase in a-SMA 

concentration is a key factor in the histopathological analysis to assess the progression of 

fibrotic changes after steatosis. The present study suggests a decrease in steatosis with 

improved fibrotic modulation of HSC by reduction of a-SMA antibody concentration as 
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observed by immunohistochemistry in the mice liver supplemented with GSP. The GSP 

supplement suppressed a -SMA accumulation which is similar to other studies which 

used a -SMA as one of the biomarkers in the onset of liver fibrosis (Ahn J et al, 2006; 

Lee E.S et al, 2010 and Hong S. W, et al 2010). Therefore liver fibrosis related to NASH 

can be reduced by supplementation of dietary GSP suggesting a protective function 

against steatohepatitis. There were improvement in characteristic histopathological 

features and initiation of fibrosis observed with the reduction of a-SMA seen in HF-C 

supplemented with GSP liver sections with reduction of fibrosis either in zone 1 or 

perisinusoidal. 

Tocopherols have been used as treatment for NAFLD and documented by several 

studies with inconsistent effects in NAFLD (Lavine Jet al, 2000; Kugelmas Met al 2003 

and Sanayal A J 2004 & 2010). In the present study the 83T group showed fat vesicular 

droplets similar to HF-C but was found to have mild fibrosis. On the contrary, GSP alone 

may enhamce the anti-lipogenic function in liver. There were no adverse effects 

observed with GSP via the histology. This study, for the first time, demonstrates that 

GSP as a dietary supplement which is known to be excellent primary antioxidant may be 

used for the amelioration of similar NASH-like features in humans. This study highlights 

the role of histological and immunohistochemical methods in the identification of NASH. 

Histology and immunohistochemistry helped to identify the changes in characteristic 

features of NASH like reduction of steatosis, hepatocyte degeneration and liver fibrosis 

with detection of the biomarker a-SMA and onset of fibrosis. This study helped to use 
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immunohistochemistry as a confirmative diagnostic tool for detection and distinction of 

NASH and fibrosis from NAFLD or simple steatosis (Oh M.K et al, 2008 and Straub B.K 

et al, 2010). The use of confocal microscopy helps avoid or reduce human biases or 

errors and provides a possible solution for the need of a standardized method for early 

detection of NASH. 

One of the limitations is the available histological grading of NASH for 

classification may not be applicable in relation to the clinical and histopathological 

background and changes in the morphology caused by severity of this chronic disease. 

To overcome this simple histology and immunohistochemical approach was used for the 

identification of characteristic features of NASH and onset of fibrosis. 

Overall, this study shows the use of GSP and 8-tocorienol supplements may be 

used as part of the diet therapy to reduce liver steatosis and fibrogenesis. The study 

shows that GSP is hepatoprotective as anti-lipogenic and or reduce lipid droplets, reduce 

the initial fibrogenic process as observed by immunostaining of a-SMA. While 83T, with 

GSP may act as an effective hepatoprotective agent against NASH, detailed 

observation(s) with only 83T is still required. For future, intensive studies to investigate 

the molecular mechanisms of these supplements and their efficacy in reversal of NASH 

are required. 
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CHAPTER VI 

SUMMARY AND CONCLUSION 

The present study focused on the effect the two dietary supplements; grape seed 

polyphenols (GSP) and delta tocotrienols (83T) as dietary supplements with high fat 

(HF)diet in amelioration of NASH in C57BLJ6 mice model. In this study, NASH-like 

characteristic features were successfully induced using a high-fat diet in C57BL/J6 mice. 

The HF diet supplementation with dietary GSP reduced NASH features like hepatocye 

ballooning, steatosis and initiation of liver fibrosis. With 10 weeks of GSP feeding, 

presence of steatosis was reduced and as a result liver tissue architecture was partially 

restored. This proves that there is a link between hepatic steatosis and hepatic steallate 

cell activation which leads to development of liver fibrosis which may be improved by 

dietary supplementation specifically with GSP. A decrease in a -SMA biomarker in the 

initial stages of hepatic fibrosis was immunohistochemically observed. 

While the goals of this study is to evaluate the effect of diet supplemented with 

GSP and 83T, alone and in combination, in reducing HF diet induced NASH features our 

finding in the 83T supplemented groups did not yield any positive effects in reducing 

steatosis while it did not exacerbate liver fibrosis. Future studies are warranted to 

understand the metabolic mechanism and interaction of dietary GSP and 83 T separately 

and in combination as supplements using animal models of NASH and NAFLD. 
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APPENDIX-A 

Chemical Structure 

Figure 1: 
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APPENDIXB 

Diet Composition 

HarlanTeklad TD#09752 TD#88137 (TD#88137 + GSP) (TD#88137 + o 3T) 

Control diets for Low fat High fat GSP 8 tocotrienol 
C57LB/J6 mice AIN93 G, (42%) 1% and2% 0.025% and 0.5% 

(7%) 

Ingredients g/kg g/kg g/kg g/kg 

Casein 195.0 195.0 195.0 195.0 

DL Methionine 3.0 3.0 3.0 3.0 

Sucrose 321.0 341.46 341.46 341.46 

Corn Starch 211.99 150.0 150.0 150.0 

Maltodextrin 100.0 0* 0* 0* 

Milkfat 60.0 210.0* 210.0* 210.0* 

Soybean Oil 10.0 1.5 * 1.5 * 1.5 * 
Cellulose 50.0 50.0 50.0 50.0 

Mineral Mix, 

AIN76 (170915) 35.0 35.0 35.0 35.0 

Calcium 

Carbonate 4.0 4.0 4.0 4.0 

Vitamin Mix, 

Teklad ( 40060) 10.0 10.0 10.0 10.0 

Ethoxyquin, 

Antioxidant 0.01 0.01 0.01 0.01 

1. GSP 0 0 Level 1: Level 1: 
2. <> tocotrienol 10 g for 10% in 1kg of 3 30 µ g in 1 kg of 

TD#88137 TD#88137 
Level 2: Level 2: 
20 g for 20% in 1 kg 760 µgin 1 kg of 
TD#88137 TD#88137 
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APPENDIXC 

Histology Techniques and Protocols for liver tissue staining 

I.Processing of liver tissue samples:-

Wash fresh liver samples in saline solution and later with PBS buffer. 

1. Wash in 70% Ethanol 
2. Wash in 90% Ethanol 
3. Wash in 100% Ethanol 

II. Fixation: 

Modified Davidson's Fixative used to fix approx 200mg of fresh liver samples at 
necropsy. 

Reagents required: 

Formalin - 30 % 

Acetic acid - 5% 

Ethanol/Methanol- 15% 

Mix properly to get the final volume of 300ml. Measure the pH between 3-4.Store at 
room temperature.For approx. 200mg tissue sample (2mmx 4mm) sections use 10ml 
fixative solution. 

Change the modified Davidson's solution with 70% ethanol until ready for further 
processing (To avoid any microbial growth and degradation). 

Change with 90% Alcohol; incubate for 2 hours, than to 100% alcohol twicw for 2 hours 
each. Finally 50-50 Ethanol -Xylene solutions for 2 hours each, further with 100% 
Xylene for 2 hours and then 50-50 Xylene-wax solution. These steps need to be done 
slowly for the tissue samples to transition from polar to less polar solutions. Removal of 
water, as Wax/ Xylene does not get along with small percent of water. 

III. Embedding: Reagents required are Paraplast Plus (wax) and Base mold (metal) 

Embedding is at 60° C . The soft wax needs to be melted, the base mold kept on hot plate 
to keep them warm. Use label either laser printed or pencil lead for each sample (coding) 
if required. Care need to be taken, to maintain temperatures of the samples to be 
embedded throughout. No bubbles should be formed while pouring the molten wax in the 
base mold with the samples in it. Leave the samples with the labels to cool, solidify and 
ready to be sectioned into small sections of 6-7 microns using the microtome. 
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IV. Slide preparation: To make a thin layer with the mixture of gelatins and chromate 
(Dr. Mill's recipe) to improve the attachment of the thin sections of the liver tissue by 
using microtome. 

V. Stains: 
(A) H&E staining of the liver samples later stained by hematoxylin and Eosin (H&E) 
staining. This is a standard histology stain. 
(B) Periodic Acid Schiff stain: 
(C)The Masson's Trichome stain: A trichrome histology stain is a mixture of three 
dyes. This histology stain can be helpful for differentiating cellular from extracellular 
items. This histology stain uses light green, iron hematoxylin, and acid fuchsin. It is 
useful on connective tissue. Collagen fibers stain green or blue with Masson's trichrome 
stain. Muscle and keratin will be red. Cytoplasm will be pink to red. Nuclei will be black. 

V. Stains 
Preparation for 
(A) H&E staining of the liver samples later stained by hematoxylin and Eosin (H&E) 
staining. This is a standard histology stain. 
(B)The Masson's Trichome stain: A trichrome histology stain is a mixture of three 
dyes. This histology stain can be helpful for differentiating cellular from extracellular 
items. This histology stain uses light green, iron hematoxylin, and acid fuchsin. It is 
useful on connective tissue. Collagen fibers stain green or blue with Masson's trichrome 
stain. Muscle and keratin will be red. Cytoplasm will be pink to red. Nuclei will be black. 

Solutions and Reagents: 
Bouin's Solution: 

Picric acid (saturated) ------------------- 75 ml 
Formaldehyde (37-40%) ------------------ 25 ml 
Glacial acetic acid ------------------------- 5 ml 
Mix well. This solution will improve Masson Trichrome staining quality. 

Weigert's Iron Hematoxylin Solution: 
Stock Solution A: 
Hematoxylin ----------------------------- 1 g 
95% Alcohol ----------------------------- 100 ml 
Stock Solution B: 
29% Ferric chloride in water--------- 4 ml 
Distilled water------------------------ 95 ml 
Hydrochloric acid, concentrated ---- 1 ml 

W eigert's Iron Hematoxylin Working Solution: 
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Mix equal parts of stock solution A and B. This working solution is stable for 3 
months (no good after 4 months) 

Biebrich Scarlet-Acid Fuchsin Solution: 
Biebrich scarlet, 1 % aqueous --------- 90 ml 
Acid fuchsin, 1 % aqueous --------------10 ml 
Acetic acid, glacial --------------------- 1 ml 

Phosphomolybdic-Phosphotungstic Acid Solution: 
5% Phosphomolybdic acid ------------- 25 ml 
5% Phosphotungstic acid -------------- 25 ml 

Aniline Blue Solution: 
Aniline blue ------------------------------- 2.5 g 
Acetic acide, glacial --------------------- 2 ml 
Distilled water --------------------------- 100 ml 

1 % Acetic Acid Solution: 
Acetic acid, glacial ----------------------- 1 ml 
Distilled water ---------------------------- 99 ml 

(B) The Periodic Schifrs stain (PAS): This histology stain is particularly useful for 
staining glycogen and other carbohydrates, but is useful for many things. It is often used 
to show glomeruli, basement membranes, and glycogen in the liver. PAS stains glycogen, 
mucin, mucoprotein, and glycoproteins magenta. The nuclei will stain blue. Collagen will 
stain pink. 
Solutions and Reagents: 

0.5% Periodic Acid Solution: 
Periodic acid ---------------------- 0.5 g 
Distilled water -------------------- 100 ml 

Schiff Reagent: 
Test for Schiff reagent: 

Pour 1 O ml of 37% formalin into a watch glass. To this add a few drops of the Schiff 
reagent to be tested. A good Schiff reagent will rapidly tum a red-purple color. A 
deteriorating schiff reagent will give a delayed reaction and the color produced will be a 
deep blue-purple. 

Mayer's Hematoxylin Solution: 

Procedure: 
1. Deparaffinize and hydrate to water. 
2. Oxidize in 0.5% periodic acid solution for 5 minutes. 
3. Rinse in distilled water. 
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4. Place in Schiff reagent for 15 minutes (Sections become light pink color during 
this step). 

5. Wash in lukewarm tap water for 5 minutes (Immediately sections tum dark pink 
color). 

6. Counterstain in Mayer's hematoxylin for 1 minute. 
7. Wash in tap water for 5 minutes. 
8. Dehydrate and coverslip using a synthetic mounting medium. 

(C) Masson 's Trichrome staining 
Procedure: 

1. Deparaffinize and rehydrate through 100% alcohol, 95% alcohol 70% alcohol. 
2. Wash in distilled water. 
3. For Formalin fixed tissue, re-fix in Bouin's solution for 1 hour at 56 C to improve 

staining quality although this step is not absolutely necessary. 
4. Rinse running tap water for 5-10 minutes to remove the yellow color. 
3. Stain in Weigert's iron hematoxylin working solution for 10 minutes. 
4. Rinse in running warm tap water for 10 minutes. 
5. Wash in distilled water. 
6. Stain in Biebrich scarlet-acid fuchsin solution for 10-15 minutes. Solution can be 

saved for future use. 
7. Wash in distilled water. 
8. Differentiate in phosphomolybdic-phosphotungstic acid solution for 10-15 

minutes or until collagen is not red. 
9. Transfer sections directly (without rinse) to aniline blue solution and stain for 5-

1 0 minutes. Rinse briefly in distilled water and differentiate in 1 % acetic acid 
solution for 2-5 minutes. 

10. Wash in distilled water. 
11. Dehydrate very quickly through 95% ethyl alcohol, absolute ethyl alcohol (these 

step will wipe off Biebrich scarlet-acid fuchsin staining) and clear in xylene. 
12. Mount with resinous mounting medium. 
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APPENDIXD 

The following grading scale was used and a mean and standard error was determined for 

each of the treatment groups: 

1. Hepatic lobules are observed, demonstrating a radial arrangement of hepatic 

plates from the central vein with nominal branching. Sinusoids are regular 

between the hepatic plates. Hepatocytes show centrally located nuclei and no 

evidence of steatosis. 

2. Hepatic lobules are observed, but the radial arrangement of the hepatic plates 

from the central vein is less distinct. Branching of the hepatic plates is more 

apparent and sinusoids may show dilation. Hepatocytes stained lightly with large 

central nuclei. No evidence of steatosis. 

3. Hepatic lobules are apparent, but the radial arrangement of hepatic plates from the 

central vein is disordered with extensive branching of the hepatic plates. 

Sinusoids appear dilated but rarely vesicular. Small lipid droplets are present, 

occasionally in isolated groups of the liver acini, and usually limited to Zone 3. 

4. Some organized hepatic lobules are apparent, but many show disorganization of 

the radial arrangement of the hepatic plates due to branching. Moderate steatosis 

is present in at least 50% of the liver acini and extends throughout Zone 3. The 

steatosis appears as small lipid inclusions. Zone 1 is intact and generally free of 

steatosis. Sinusoids appear dilated and occasionally vesicular. Some hepatocytes 

appear hypertrophied. 

5. Disruption of the hepatic lobule organization is observed. Extensive steatosis is 

present in most of the liver acini, extending throughout Zone 3 as large lipid 

inclusions. Zone 1 may be affected in some lobules. Sinusoids are dilated and 

frequently vesicular. Hepatocytes are hypertrophied with large, pale-staining 

nuclei. 
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APPENDIXE 

Immunohistochemistry with fluorescent probes 
1. dewax the slides with tissue section in xylene for 15 minutes 
2. dewax the slides with tissue section in xylene for 15 minutes 
3. air dry the slides with tissue section for 10 minutes 
4. dewax the slides with tissue section in xylene for 15 minutes 
5. air dry the slides with tissue section for 10 minutes 
6. Immerse the slides with tissue section inl 00% ethanol 15 minutes 
7. air dry the slides with tissue section for 10 minutes 
8. Immerse the slides with tissue section in 100% ethanol 15 minutes 
9. air dry the slides with tissue section for 10 minutes 
10. Immerse the slides with tissue section in100% ethanol 15 minutes 
11. air dry for 10 minutes 
12. Immerse the slides with tissue section in100% ethanol 15 minutes 
13. air dry for 10 minutes 
14. Immerse the slides with tissue section in100% ethanol 15 minutes 
15. air dry for 10 minutes 
16. Immerse the slides with tissue section in 90% ethanol 15 minutes 
17. Immerse the slides with tissue section in 70% ethanol 15 minutes 
18. Immerse the slides with tissue section in lX-PBS 10 minutes 
19. Boil the slides with tissue section in 0.1 mM EDTA for 12 minutes 
20. Cool down the slides with tissue section for 45 minutes at room temperature 
21. Wash the slides with tissue section in lX-PBS 10 minutes 
22. Incubate sections in 10% donkey serum made in PBS @ 3 7 °C for 1 hour 
23. Add primary antibody made in 10% donkey serum (dilution to be determined)@ 

4 ° C refrigerate for overnight 
24. Wash the slides with tissue section in for PBS 5 minutes 5x 
25. Add secondary antibody made in 10% donkey serum (dilution to be determined) 

@ 37 °C for 2 hours 
26. Wash the slides with tissue section in PBS 5 minutes 5x 
27. Mount sections in mounting media with DAPI. 
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