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ABSTRACT
The liver plays an important function in the metab-
olism of carbohydrate-protein and fats. Now a day’s 
obesity and high fatty diet cigarettes increased Oxida-
tive stress which leads to the chance of Non-Alcohol-
ic Fatty Liver Disease (NAFLD). The main objective of 
this study was to evaluate the effect of Vitamin-U on 
a High-Fat Diet (HFD) and nicotine-induced NAFLD in 
rats. Female Wistar rats (n=6) that weighed 200-250 
g were randomly segregated into six groups of nine 
animals in each group. The Group-I animals received 
a normal diet and the rest of the groups received HFD 
and nicotine (1.5 mg/kg, b.wt (body weight), I.P (In-
traperitoneal)) (NAFLD control) and water ad libitum. 
After 28th days, blood was collected from the retro-or-
bital plexus under mild chloroform to ensure that all 
animals which received HFD and nicotine were hy-
perlipidemia or not. After conformation animals were 
differentiated into different (Negative control) normal 
diets (NAFLD control) where cholesterol, triglyceride, 
Serum Glutamic-Oxaloacetic Transaminase (SGOT), 
Serum Glutamic Pyruvic Transaminase (SGPT), Alka-
line Phosphatase (ALP) level significantly increased 
compared with normal control. After 14 days of treat-
ment with Vitamin U (100 mg/kg, b.wt, oral) alone, 
Vitamin-U (150 mg/kg, b.wt, oral) alone, Vitamin-U 
(150 mg/kg, b.wt, oral), Vitamin-U (100 mg/kg, b.wt, 

oral) combined with Vitamin-E (200 mg/kg, b.wt, oral) 
and Vitamin-E (200 mg/kg, b.wt, oral) alone along 
with induction it has been seen that serum choles-
terol, triglyceride, fasting glucose SGOT, SGPT, ALP 
level significantly decreased in comparison with NA-
FLD control. As NAFLD condition increased oxidative 
stress liver homogenate Superoxide Dismutase (SOD), 
reduced Glutathione (GSH) level was significantly de-
creased and Lipid Peroxidation (LPO) level significant-
ly increased in NAFLD control compare with normal 
control. After treatment with Vitamin U alone (100 
mg/kg, b.wt, oral) alone, Vitamin-U alone (150 mg/kg, 
b.wt, oral) alone, Vitamin-U alone (150 mg/kg, b.wt, 
oral), Vitamin-U (100 mg/kg, b.wt) combined with Vi-
tamin-E (200 mg/kg, b.wt, oral) and Vitamin-E (200 
mg/kg, b.wt, oral) alone significantly increased SOD 
and GSH level and decreased LPO level. So, Vitamin 
U can be a good option for the treatment of NAFLD. 
It has been seen that when Vitamin-U combined with 
Vitamin E which is more effective than the individual 
drug to improve NAFLD.
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INTRODUCTION
Non-Alcoholic Fatty Liver Disease (NAFLD) is characterized as 
the accumulation of additional fat in the liver, which is not re-
lated to alcohol consumption. This is the most significant uni-
versal problem in society. NAFLD may lead to different diseases 
Non-Alcoholic Steatohepatitis (NASH), cirrhosis, and possibly 
Hepatocellular Carcinoma (HCC). Non-Alcoholic Steatohepatitis 
(NASH) is a fatty liver disease categorized by the accumulation 
of fat in liver cells with chronic inflammation in the liver, that‘s 
differentiated NASH from NAFLD, where the absence of inflam-
mation. NASH may progressively convert to more thoughtful 
chronic liver disease. NASH typically occurs in those people who 
are overweight and diabetic, with high blood cholesterol and tri-
glyceride levels. For the patients having NAFLD, the capability of 
insulin to usually defeat the production of glucose and Very Low 
Density Lipoproteins (VLDL) is decreased (Seppälä-Lindroos A, 
et al., 2002). The liver, when fatty, also increases the production 
of cardiovascular markers like C-Reactive Protein (CRP), fibrino-
gen, and coagulation factors (Anstee QM, et al., 2013; Targher G, 
et al., 2009). The prevalence is tantamount to overcome NAFLD as 
low as NAFLD does not diagnose properly and is asymptomatic at 
the initial level. Aged people are more impacted by NAFLD. The 
NAFLD is a global health issue. It has been seen that 10%-24% of 
common residents, and 57%-74% of obese persons affected with 
NAFLD (Duseja A, 2010). Vitamin U as of late increased signifi-
cant consideration during the 1950s when Dr. Garnett Cheney, a 
professor of medicine at the Stanford University School of Medi-

cine, coined S-methyl methionine as Vitamin-U found its mend-
ing properties through different tests. In one of his better-known 
examinations, a quart of crude cabbage juice was directed to 100 
patients with a peptic ulcer.
The previously different activity of Vitamin-U was reported like a 
novel free radical scavenger, prevents lens injury in rats adminis-
tered with valproic acid (Tunali SE, et al., 2015) effects of Vitamin 
U (S-methyl methionine sulphonium chloride) on valproic ac-
id-induced liver injury in rats (Sokmen BB, et al., 2012). The aim 
of this research is to investigate the treatment effect of Vitamin 
U on a High-Fat Diet and nicotine-induced Non-Alcoholic Fatty 
Liver Disease in rats. In the pharmacological experiment, it is very 
much important to select a proper animal model. Here select the 
model to induced NAFLD is High-Fat Diet and nicotine. This 
model is very much mimic cause of NAFLD to human. The effects 
of treatment on various parameters like Serum Glutamic-Oxa-
loacetic Transaminase (SGOT), Serum Glutamic Pyruvic Transa-
minase (SGPT), cholesterol, triglyceride, total protein, etc. were 
studied. The study was further aimed to investigate the effect of 
the combination of Vitamin U along with Vitamin U in Non-Al-
coholic Fatty Liver Disease (NAFLD). The status of pro-oxidant 
and the level of anti-oxidant enzymes will be estimated in the liver 
of rats in order to evaluate the treatment effect in NAFLD.

MATERIAL AND METHODS
Chemicals and reagents
The Vitamin-U (C6H14NO2S) powder chemically known as 
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methyl methionine sulphonium chloride was purchased from Sigma-Ald-
rich is now Merck, India; Chemical Abstracts Service (CAS) no 3493-12-7, 
nicotine (C10H14N2) chemically known as 1-methyl-2-3-pyridyl-pirolidin 
is purchased from Sigma-Aldrich is now Merck, India; CAS no-54-11-5. 
The feed ingredients such as casein and cholesterol (both from Himedia 
laboratories, Mumbai, India), and yeast powder (Pet Care, Bangalore, 
India) were procured from commercial sources. Lard (Eli Lilly, Gurgaon, 
India). The glucose, triglyceride, Alkaline Phosphatase, cholesterol, SGPT, 
and SGOT assay kit was purchased from Robotnik. L-glutathione reduced 
standard (CAS no 70-18-8) and L-Epinephrine (CAS no-51-43-4) were 
supplied from Sigma-Aldrich now Mar. Sodium Carbonate, Sodium bi-
carbonate, Ethylenediamine Tetraacetic Acid (EDTA), Trichloroacetic 
Acid (TCA), Sodium Citrate, Sodium hydroxide, Potassium dihydrogen 
orthophosphate, 5,5-dithiobis 2-nitrobenzoic acid, and Thiobarbituric 
Acid (TBA) were provided from HiMedia (India).

Animals 
The research protocol was approved by the Committee for the Purpose 
of Control and Supervision of Experiments on Animals (CPCSEA) of the 
Govt. of India was e followed and prior permission was granted from the 
Institutional Animal Ethics Committee for conducting the experimental 
studies. The Wister rats (200-250 g) obtained from the Bengal School of 
Technology, were used for this experiment. The animals were housed in 
standard cages (48 cm × 35 cm × 22 cm) at room temperature (22°C ± 
2°C), with relative humidity (55%+5%) with a 12:12 hour light and dark 
cycle. All the animals were provided Normal Pellet Diet (NPD) and water 
ad libitum. For the induction of NAFLD, the required amount of chol-
esterol, lard, casein, yeast powder and sodium chloride were added with 
powder NPD.

HFD and nicotine induced Non-Alcoholic Fatty Liver Disease 
(NAFLD)
Female Wistar rats (n=6) that weighed 200-250 g were randomly segregat-
ed into six groups of nine animals in groups. The Group-I animals received 
a normal diet and the rest of the groups received HFD and nicotine (1.5 
mg/kg, b.wt, I.P) and water ad libitum. After 28th days, blood was collected 
from the retro-orbital plexus under mild chloroform to ensure that all ani-
mals which received HFD and nicotine were hyperlipidemic or not. After 
confirmation of hyperlipidemia animals were divided into the following 
groups:
• Group-I (Negative control): Normal diet.
• Group-II (NAFLD control): HFD and nicotine (1.5 mg/kg, b.wt, I.P) 
(Sinha-Hikim AP, et al., 2017).
• Group-III: HFD and nicotine (1.5 mg/kg, b.wt, I.P) (Sinha-Hikim AP, et 
al., 2017)+Vitamin-U (100 mg/kg, b.wt) (Sokmen BB, et al., 2012).
• Group-IV: HFD and nicotine (1.5 mg/kg, b.wt, I.P) (Sinha-Hikim AP, et 
al., 2017)+Vitamin-U (150 mg/kg , b.wt) (Sokmen BB, et al., 2012).
• Group-V: HFD and nicotine (1.5 mg/kg, b.wt, I.P) (Sinha-Hikim AP, et 
al., 2017)+Vitamin-U (100 mg/kg, b.wt) (Sokmen BB, et al., 2012)+Vita-
min E (200 mg/kg, b.wt, oral) (Oliveira CP, et al., 2003). 
• Group-VI (Standard): Vitamin E (200 mg/kg, b.wt, oral) (Oliveira CP, et 
al., 2003).
Treatment has been done for 14 days (Srinivasan K, et al., 2005). 

Analysis of serum biochemical parameter
All groups’ animals were treated orally for 14 days. Every day animals were 
clinically obverted. At the end of the intervention period, animals under-
went 12-hour fasting. The blood was collected by retro-orbital plexus 
under mild chloroform. The blood sample was centrifuged at 2,000 g for 
8-10 mins and serum was separated out and the following parameter was 
analyzed High Density Lipoproteins (HDL), Low Denisty Lipoproteins 

(LDL), Triglycerides (TG), glucose, SGOT (Aspartate Aminotransferase 
(AST)), SGPT (Alanine Transaminase (ALT)), Alkaline Phosphatase (all 
parameters was analyzed by ROBONIK semi-auto analyzer kit, using RO-
BONIK semi-auto analyzer). The serum LDH was analyzed by Reckon UV 
assay kit.

Liver homogenate preparation
After completing the intervention period (14 days) was sacrificed using 
overdose chloroform, livers of all groups’ animals were isolated and hom-
ogenized in Tris buffer pH 7.5 in homogenizer at a speed of 2000 g. The 
homogenate was centrifuged in the centrifuge machine (Remi-motors 
Ltd., Mumbai) and the supernatant was taken and to evaluate various oxi-
dative parameters.

Analysis of Superoxide Dismutase (SOD)
SOD was analyzed spectrophotometric method by the supernatant of liver 
tissue (Otitoju O, 2005). In this method, SOD has the ability to inhibit au-
to-oxidation of epinephrine to adrenochrome at pH 10.2. This inhibition 
can be measured colorimeter at 480 nm. The 0.5 ml of distilled water was 
mixed with 0.5 ml of liver homogenate. All reagents should be in cold con-
dition. Whole mixture was incubated with 0.15 ml chloroform and 0.25 
ml. Then it was shaken and centrifuged at 2000 rpm for 10 min. The super-
natant was separated. The Epinephrine was added just before taking SOD. 
The initial absorbance at zero minutes was noted and taken for 3 min with 
a 30-sec interval at 480 nm using a spectrophotometer. Its activity was ex-
pressed as U/mg of protein in liver tissue.

Analysis of reduced Glutathione (GSH)
Reduced Glutathione was analyzed spectrophotometric method by the 
supernatant of liver tissue (Moron MS, et al., 1979). DTNB (5,5’-dithio-bis-
(2-nitrobenzoic acid)), a disulfide compound, was readily attacked, by the 
sulfhydryl group and forms a yellow-colored anion which was measured 
colorimeter at 412 nm. Tissue supernatant will be mixed with TCA and 
centrifuged. The supernatant will be mixed with DTNB and phosphate 
buffer and estimated at 412 nm. Its activity was expressed as μg of GSH/
mg of tissue. 

Analysis of Lipid Peroxidation (LPO)
Lipid Peroxidation or level of Malondialdehyde (MDA) was determined 
spectrophotometrically. The method estimates Malondialdehyde, a prod-
uct of the Lipid Peroxidation process. One molecule of MDA reacts with 
two molecules of TBA under the mildly acidic conditions to form a pink 
colored chromogen, whose intensity is measured colorimetrically at 535 
nm. The testicular supernatant was incubated with 2 mL TCA. The mix-
ture was cooled for 15 min and centrifuged separating the supernatant. 
The supernatant (2 mL) was then incubated with TBA by keeping it in 
boiling water for 10 min and cooled before measurements were done. The 
extent of Lipid Peroxidation was assessed by reading the absorbance of the 
test against blank at 535 nm using a spectrophotometer.

Statistical analysis
The biochemical result was evaluated by ANOVA followed by multiple 
comparison tests (Dunnett’stest) using the Graph Pad Prism 5 software. 
The Values are expressed as Mean ± SEM (Standard Error of Mean), n=6, 
aP<0.05, bP<0.01, cP<0.001 vs. Group-II.

RESULTS
The present study entitled as the effect of Vitamin U on a High-Fat Diet 
and nicotine-induced Non-Alcoholic Fatty Liver Disease in rats. It in-
volved the analysis of blood samples in serum and tissues belonging to 
different treatment groups. Each sample was analyzed for estimating the 
effect of Vitamin-U on a High-Fat Diet and nicotine induced Non-Alco-
holic Fatty Liver Disease in rats.
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Effect of Vitamin-U alone and its combination with Vitamin-E 
on modification on SGOT
Table 1 and Figure 1 shows that NAFLD rats treatment with Vitamin-U 
(100 mg/kg, b.wt, oral) alone, Vitamin-U (150 mg/kg, b.wt, oral) alone, 
Vitamin-U (100 mg/kg, b.wt, oral) combined with Vitamin-E (200 mg/
kg, b.wt, oral) serum SGOT level significantly (P<0.05, P<0.01, P<0.001) 
decreased compared with NAFLD control. However, Vitamin-E (200 mg/
kg, b.wt, and oral) alone did not produce significant change compared with 
NAFLD control.

Effect of Vitamin-U alone and its combination with Vitamin-E 
on modification on SGPT
Table 1 and Figure 2 showed that NAFLD rats treatment with Vitamin-U 
(100 mg/kg, b.wt, oral) alone significantly (P<0.05, P<0.01) decreased 
serum SGPT level compared with NAFLD control rats. The NAFLD 
rats treatment with Vitamin-U (150 mg/kg, b.wt, oral) alone, Vitamin-U 
(100 mg/kg, b.wt, oral) combined with Vitamin-E (30 mg/kg, b.wt oral) 
and Vitamin-E (200 mg/kg, b.wt, oral) alone more significantly (P<0.05, 
P<0.01, P<0.001) decreased serum SGPT level compared with NAFLD 
control rats.

Effect of Vitamin-U alone and its combination with Vitamin-E 
on modification on Alkaline Phosphatase (ALP)
Table 2 and Figure 3 shows that NAFLD rats treatment with Vitamin-U 
(100 mg/kg, b.wt, oral) alone and Vitamin-U (100 mg/kg, b.wt, oral) com-
bined with Vitamin-E (200 mg/kg, b.wt, oral) serum ALP level significant-
ly (P<0.05) decreased compared with NAFLD control. However, NAFLD 
rats treatment with Vitamin-U (150 mg/kg, b.wt, oral) alone significantly 
(P<0.05, P<0.01) decreased compared with NAFLD control. The NAFLD 
rat’s treatment with Vitamin-E (200 mg/kg, b.wt, and oral) alone did not 
produce significant change compared with NAFLD control.

Effect of Vitamin-U alone and its combination with Vitamin-E 
on modification on cholesterol
Table 2 and Figure 4 showed that NAFLD rats treatment with Vitamin-U 
(100 mg/kg, b.wt, oral) alone and Vitamin-E (200 mg/kg, b.wt, oral) alone 
significantly (P<0.05, P<0.01) decreased the serum cholesterol level com-
pared with NAFLD control. The NAFLD rats treatment with Vitamin-U 
(150 mg/kg, b.wt, oral) alone, Vitamin-U (100 mg/kg, b.wt, oral) combined 
with Vitamin-E (200 mg/kg, b.wt, oral) more significantly (P<0.05, P<0.01, 
P<0.001) decreased the cholesterol compared with NAFLD control.

Effect of Vitamin-U alone and its combination with Vitamin-E 
on modification on triglyceride
Table 2 and Figure 5 shows that NAFLD rats treatment with Vitamin-U 
(100 mg/kg, b.wt, oral) alone, Vitamin-U (150 mg/kg, b.wt, oral) alone, 
Vitamin-U (100 mg/kg, b.wt, oral) combined with Vitamin-E (200 mg/kg, 
b.wt, oral) serum triglyceride level significantly (P<0.05, P<0.01, P<0.001) 
decreased compared with NAFLD control. However, Vitamin-E (200 mg/
kg, b.wt, oral) alone did not produce significant decreased compared with 
NAFLD control.

Effect of Vitamin-U alone and its combination with Vitamin-E 
on modification on SOD
Table 3 and Figure 6 shows that the NAFLD rats treatment with Vitamin-U 
(100 mg/kg, b.wt, oral) alone significantly (P<0.05, P<0.01) increased liver 
homogenate SOD level compared with NAFLD control. The NAFLD rats 
treatment with Vitamin-U (150 mg/kg, b.wt, oral) alone, Vitamin-U (100 
mg/kg, b.wt, oral) combined with Vitamin-E (200 mg/kg, b.wt, oral) more 
significantly (P<0.05, P<0.01, P<0.001) increased SOD level compared 
with NAFLD control. However NAFLD rat’s treatment with Vitamin-E 
(200 mg/kg, b.wt, oral) alone did not produce significant change compared 
with NAFLD control.

Effect of Vitamin-U alone and its combination with Vitamin-E 
on modification on GSH
Table 3 and Figure 7 shows that the NAFLD rats treatment with Vitamin-U 
(100 mg/kg, b.wt, oral) combined with Vitamin-E (200 mg/kg, b.wt, oral) 
significantly (P<0.05) increased GSH level compared with the NAFLD 
control rats. However, NAFLD rats treatment with Vitamin-U (100 mg/kg, 
b.wt, oral) alone, Vitamin-U (150 mg/kg, b.wt, oral) alone and Vitamin-E 
(200 mg/kg, b.wt, oral) alone did not produce significant change compared 
with NAFLD control.

Effect of Vitamin-U alone and its combination with Vitamin-E 
on modification on LPO
Table 3 and Figure 8 shows that the NAFLD rats treatment with Vitamin-U 
(150 mg/kg, b.wt, oral) alone significantly decreased liver homogenate 
LPO level compared with NAFLD control rats. However, NAFLD rats 
treatment with Vitamin-U (100 mg/kg, b.wt, oral) combined with Vita-
min-E (30 mg/kg, b.wt oral) and Vitamin-E (200 mg/kg, b.wt, oral) alone 
more significantly (P<0.05, P<0.01, P<0.001) decreased liver homogenate 
LPO level compared with NAFLD control rats. The NAFLD rat’s treatment 
with Vitamin-U (100 mg/kg, b.wt, and oral) alone did not produce signifi-
cant change compared with NAFLD control.

Table 1: Composition of High Fat Diet (HFD) (Srinivasan K, et al., 2005)

Ingredients diet Diet (g/kg)

Powdered Normal Pellet Diet (NPD) 365

Lard 310

Casein 250

Cholesterol 10

Yeast powder 1

Sodium chloride 1
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Figure 1: Effect of Vitamin-U alone and its combination with Vitamin-E on modification on Serum Glutamic-Oxaloacetic Transaminase 
(SGOT)

Figure 2: Effect of Vitamin-U alone and its combination with Vitamin-E on modification on Serum Glutamic Pyruvic Transaminase (SGPT)

Table 2: Effect of Vitamin-U alone and its combination with Vitamin-E on modification on Serum Glutamic-Oxaloacetic Transaminase (SGOT), 
Serum Glutamic Pyruvic Transaminase (SGPT), Alkaline Phosphatase (ALP), Cholesterol and Triglyceride (TG)

Groups SGOT (IU/L) SGPT (IU/L) ALP (IU/L) Cholesterol (mg/dl) Triglyceride (mg/dl)

Group-I (Negative control): Normal diet 106.0 ± 6.160 51.05 ± 3.342 98.24 ± 4.943 94.35± 2.917 119.9 ± 1.486

Group-II (NAFLD control): HFD and nicotine (1.5 
mg/kg, b.wt, I.P)

245.9 ± 29.29 90.05 ± 3.12 178.0 ± 4.107 153.8 ± 4.799 178.2 ± 3.250

Group-III : HFD and nicotine (1.5 mg/kg, b.wt, 
I.P)+Vitamin-U (100 mg/kg, b.wt, oral) (Low dose: L)

158.8 ± 
4.020a,b,c

72.29 ± 
3.821a,b

156.5 ± 3.117a 136.4 ± 4.334a,b 156.5 ± 3.87a,b,c

Group-IV: HFD and nicotine (1.5 mg/kg, b.wt, 
I.P)+Vitamin-U (150 mg/kg , b.wt, oral) (High dose: 

H)

127.5 ± 
6.360a,b,c

65.78 ± 
3.88a,b,c

150.0 ± 
5.961a,b

124.7 ± 2.753a,b,c 127.1 ± 1.716a,b,c

Group V: HFD and nicotine (1.5 mg/kg, b.wt, 
I.P)+Vitamin-U (100 mg/kg, b.wt, oral)(L)+Vitamin 

E  (200 mg/kg, b.wt, oral)

123.0 ± 
2.221a,b,c

68.66 ± 
3.608a,b,c

154.0 ± 2.436a 123.5 ± 2.012a,b.c 124.5 ± 3.019a,b,c

Group-VI: (Standard): Vitamin E  (200 mg/kg, b.wt, 
oral)

230.7 ± 
24.16a,b,c

69.13 ± 
2.764a,b,c

160.3 ± 
8.237ab

137.8 ± 1.956a,b 170.2 ± 2.522ab

Note: The statistical significance of the difference between means was calculated by ANOVA followed by Dunnett's Multiple Comparison Test. N=6 
Values are expressed as Mean ± SEM (Standard Error of Mean), n=6, aP<0.05, bP<0.01, cP<0.001 vs. Group-II. NAFLD: Non-Alcoholic Fatty Liver 
Disease; b.wt: body weight; I.P: Intraperitoneal
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Figure 4: Effect of Vitamin-U alone and its combination with Vitamin-E on modification on cholesterol

Figure 5: Effect of Vitamin-U alone and its combination with Vitamin-E on modification on triglyceride

Figure 3: Effect of Vitamin-U alone and its combination with Vitamin-E on modification on Alkaline Phosphatase (ALP)
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Table 3: Effect of Vitamin-U alone and its combination with Vitamin-E on modification on Superoxide Dismutase (SOD), Glutathione (GSH) and 
Lipid Peroxidation (LPO)

Group Superoxide Dismutase (EU/dl) Reduced Glutathione (µg/ml) Lipid Peroxidation (n mol/L)
Group-I (Negative control): Normal diet 22.04 ± 1.141 36.00 ± 4.561 44.24 ± 1.540

Group-II (NAFLD control): HFD and nicotine 
(1.5 mg/kg, b.wt, I.P)

9.780 ± 0.3852 17.60 ± 0.9274 69.24 ± 1.165

Group-III: HFD and nicotine (1.5 mg/kg, b.wt, 
I.P)+Vitamin-U (100 mg/kg, b.wt, oral) (Low 

dose: L)

14.42 ± 1.045a,b 25.85 ± 5.859 63.20 ± 1.744ab

Group-IV: HFD and nicotine (1.5 mg/kg, b.wt, 
I.P)+Vitamin-U (150 mg/kg , b.wt, oral) (High 

dose: H)

16.90 ± 0.9274a,b,c 25.60 ± 1.166 52.40 ± 3.326a,b

HFD and nicotine (1.5 mg/kg, b.wt, I.P)+Vita-
min-U (100 mg/kg, b.wt, oral)(L)+Vitamin E  

(200 mg/kg, b.wt, oral)

24.40 ± 0.9274a,b,c 32.20 ± 1.068a 41.00 ± 3.098a,b,c

Group-VI (Standard): Vitamin E  (200 mg/kg, 
b.wt, oral)

12.00 ± 0.3162ab 19.08 ± 0.9547 45.20 ± 4.271a,b,c

Note: The statistical significance of the difference between means was calculated by ANOVA followed by Dunnett's Multiple Comparison Test. N=6 
Values are expressed as Mean ± SEM, n=6, aP<0.05, bP<0.01, cP<0.001 vs. Group-II

Figure 6: Effect of Vitamin-U alone and its combination with Vitamin-E on modification on Superoxide Dismutase (SOD)

Figure 7: Effect of Vitamin-U alone and its combination with Vitamin-E on modification on Glutathione (GSH)
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Figure 8: Effect of Vitamin-U alone and its combination with Vitamin-E on modification on Lipid Peroxidation (LPO)

DISCUSSION
The liver is an important organ not only for the metabolism of biomol-
ecules such as carbohydrate-protein and lipid but also detoxifies toxic 
substances. Nowadays NAFLD is a major problem in our society due to 
obesity.
In this study, HFD and nicotine were used for NAFLD induction. The 
HFD and nicotine increased adipose tissue lipolysis, play an important 
role in buildup lipid in the liver as a triglyceride. This combination of 
HFD and nicotine also leads to developing hepatic steatosis. Due to in-
hibition of Adenosine Monophosphate (AMP)-Activated Protein Kinase 
(AMPK) increase expression of Sterol Regulatory Element-Binding Pro-
tein 1c (SREBP-1c) (Buzzetti E, et al., 2016) that increase free Fatty Acid 
Synthase (FAS) and Acetyl-Coenzyme A Carboxylase (ACC), which is a 
rate-determining enzyme of fatty acid biosynthesis and decreased β-oxi-
dation of fatty acid (Zhang BB, et al., 2009) resulting increase of blood TG 
and cholesterol and glucose level. Another important factor for hepatic 
lipogenesis Carbohydrate Response-Element Binding Protein (ChREBP) 
(Postic C and Girard J, 2008) which triggers peripheral insulin resistance 
and increased glucose production. In this study, HFD and nicotine in-
crease cholesterol, TG. However, treatment with Vitamin U alone (100 
mg/kg, b.wt, oral) alone, Vitamin-U alone (150 mg/kg, b.wt, oral) alone, 
Vitamin-U alone (150 mg/kg, b.wt, oral), Vitamin-U (100 mg/kg, b.wt, 
oral) combined with Vitamin-E (30 mg/kg, b.wt, oral) and Vitamin-E (30 
mg/kg, b.wt, oral)significantly cholesterol and TG (except Vitamin-E (30 
mg/kg, b.wt, oral)) level decreased compare with the NAFLD control. This 
NAFLD HFD with nicotine model is very much similar to the cause of hu-
man NAFLD. The SGOT, SGPT, and ALP consider as biochemical mark-
ers for hepatocellular injury (Singh SN, et al., 2001; Koh PH, et al., 2011). 
A previous study showed that Vitamin-U able to lower SGOT, SGPT, and 
ALP levels in valproic acid-induced liver injury in rats (Sokmen BB, et al., 
2012). In this study, HFD and nicotine increased SGOT, SGPT, and ALP 
levels. However, treatment with Vitamin U alone (100 mg/kg, b.wt, oral) 
alone, Vitamin-U alone (150 mg/kg, b.wt, oral), Vitamin-U (100 mg/kg, 
b.wt) combined with Vitamin-E (30 mg/kg, b.wt, oral) and Vitamin-E 
(200 mg/kg, b.wt, oral) alone SGOT, SGPT and ALP level significantly de-
creased compare with the NAFLD control. Inactivation of AMPK activates 
of c-Jun NH2-terminal Kinase (JNK)-mediated elevation of oxidative stress 
in the Endoplasmic Reticulum (ER), inflammation, and apoptosis (Sinha-
Hikim AP, et al., 2017). Superoxide Dismutase (SOD) plays an important 
role to convert superoxide radicals into hydrogen peroxide (H2O2) which 

doses oxidation resulting in increased oxidative stress (Jena S, et al., 2012). 
In our study HFD and nicotine decrease SOD level in NAFLD control 
animals although treatment with Vitamin U alone (100 mg/kg, b.wt, oral) 
alone, Vitamin-U alone (150 mg/kg, b.wt, oral) alone, Vitamin-U (100 mg/
kg, b.wt, oral) combined with Vitamin-E (200 mg/kg, b.wt, oral) and Vita-
min-E (200 mg/kg, b.wt, oral) level significantly increase SOD. But Vita-
min-U (100 mg/kg, b.wt, oral) combined with Vitamin-E (30 mg/kg, b.wt, 
oral) and Vitamin-U alone (150 mg/kg, b.wt, oral) alone more significant 
than Vitamin-E (200 mg/kg, b.wt, oral) and Vitamin-U (100 mg/kg, b.wt, 
oral) alone. Glutathione is another enzyme that is responsible for oxidative 
stress formation mainly by regulating thiol redox status in cell (Ballatori N, 
et al., 2009).The reduction of GSH (reduced Glutathione) level indicates 
that cellular damage condition. Previous study 15 reported Vitamin-U able 
to increased GSH level in valproic acid-induced liver injury in rats. In our 
study, GSH level was reduced in NAFLD control rats liver homogenate, 
so it was concluded that HFD and nicotine decreased GSH level in these 
NAFLD control groups. However, treatment with Vitamin-U alone (150 
mg/kg, b.wt, oral), Vitamin-U (100 mg/kg, b.wt, oral) combined with Vita-
min-E (200 mg/kg, b.wt, oral) significantly increased GSH level, whereas 
Vitamin U alone (100 mg/kg, b.wt, oral) alone and Vitamin-E (200 mg/
kg, b.wt, oral) alone not significant to lower GSH level. Lipid Peroxidation 
(LPO) level elevation indicates hepatotoxicity (Sathish P, et al., 2011). The 
HFD and nicotine increased lipogenesis which leads to Lipid Peroxidation. 
In our study, the LPO level was significantly increased in NAFLD control 
rats compared to normal control animals. During treatment with Vitamin 
U (100 mg/kg, b.wt, oral) alone, Vitamin-U (150 mg/kg, b.wt, oral) alone, 
Vitamin-U alone (150 mg/kg, b.wt, oral), Vitamin-U (100 mg/kg, b.wt, 
oral) combined with Vitamin-E (200 mg/kg, b.wt, oral) and Vitamin-E 
(200 mg/kg, b.wt, oral) alonelevel significantly decreased LPO level.

CONCLUSION
It was already explained NAFLD condition increased serum cholesterol, 
triglyceride, SGOT, SGPT, ALP level. In our study also HFD combined 
with nicotine increase these serum biomarker which has been mention 
previously. The HFD combined with nicotine also increased LPO level 
and deceased SOD and GSH level. During treatment it has been observed 
that Vitamin U combined with Vitamin-E more effective to overcome 
from NAFLD condition. However mechanism is not clear. At last it can be 
concluded that Vitamin-U combined with Vitamin-E showed positive to 
improved NAFLD condition.
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