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Abstract: Alcoholic and nonalcoholic fatty liver disease is a very common global
problem, in worldwide. During oxidative stress the pathological changes observed in
AFLD and NAFLD. High CRP levels may put the patients, at increased risk for liver
disease. The aim of this study was estimation of oxidative stress and hsCRP in pateint
with alcoholic and nonalcoholic fatty liver disease. In the present study, total (n = 495)
subjects were recruited for the study and divided in three groups. Group I; (n = 167) of
alcoholic liver disease; (n = 158) of nonalcoholic fatty liver disease, and group Il
included (n = 170) healthy control subjects. HSCRP was measurement of
immunoterbidy method. Plasma MDA and Blood activity of SOD, CAT were
estimated by spectrophotometric method. The present study shown that levels of MDA
and hsCRP was significantly increased (p<0.001) and blood SOD, CAT activity, and
were significantly decreased (p<0.001) in AFLD patients as compared with healthy
controls, and also significantly increased (p <0.001) and decreased in NFALD patients
when they compared with healthy controls. Serum HSCRP and oxidative stress
markers are the increased risk for liver disease.

Keywords: Superoxide dismutase (SOD), Catalase (CAT), High sensitive C-reactive
protein (HsSCRP), Aspartate Aminotransferase (AST), Alanine Aminotransferase
(ALT), Alkaline phosphatase (ALP), Gamma Glutamyltransferase (GGT)
Malondialdehyde (MDA), Reactive oxygen species (OS) Alcoholic fatty liver disease
(ALD), Alcoholic fatty liver disease (AFLD) & Non Alcoholic fatty liver disease
(NAFLD)

INTRODUCTION
Fatty liver (steatosis) is fat accumulated in the liver, and 5 to 10% of the liver
weight is due to accumulation of fat which can be cause fatty liver disease.

Fatty liver is of two types; first is alcoholic
fatty liver disease (AFLD), it is manifested by alcohol
overconsumption [1]. Second is NAFLD where
excessive fat accumulation occurs in liver [2], and
associated with obesity and metabolic syndrome [3].
Excessive amount of alcohol results, liver damage,
release of inflammatory cytokines, impaired oxidative
stress, lipid peroxidation reaction, and also
acetaldehyde toxicity. These can be causes
inflammation of liver, apoptosis and finally fibrosis of
liver cells [4]. Prevalence rate of the alcoholic liver
disease is around 25-40% in the general Indian
population [5]. Nonalcoholic fatty liver disease
(NAFLD) is characterized by chronic liver disease that
may be lead to end-stage liver disease. NAFLD
enhances the progression of fibrosis, liver cirrhosis, and
lastly liver failure [6]. The triglycerides (TG)
accumulation in the hepatocytes is an indication of
NAFLD [7]. The prevalence rate of NAFLD is around
9-32% in Indian general population, and with a higher

incidence rate with patients of diabetic and obesity
patients.

Oxidative stress is one of the pathogenic
mechanisms contributing to the progression of steatosis
(simple fatty liver) to nonalcoholic steatohepatitis
(NASH-fatty) [8]. Oxidative stress is also the cause of
development of liver disease [9]. Malondialdehyde
(MDA) is produced by lipid peroxidation and also it is
the key marker of oxidative stress [10]. Increased
plasma MDA levels related to the excessive
consumption of alcohol and also associated with
pathogenesis and progression of liver disease. The
HsCRP (high sensitive C-reactive protein) positively
associated with excessive alcohol consumption diabetes
and obesity, and it is an early biomarker of AFLD,
NAFLD.
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PATIENTS AND METHODS

The present study was carried out in the
Department of Biochemistry, Sri Aurobindo Institute of
Medical sciences (SAIMS) and P.G. Institute, Indore,
M.P., India during July 2015 to Aug 2016. Patients
were enrolled from Department of Medicine,
Gastroenterology, SAIMS College and Hospital, Indore.
Total (n = 495) subjects were enrolled for the study.
Group I; included- 167 (97 males and 70 females) of
alcoholic fatty liver disease pateints, group I1; included-
158 (68males and 89 females) of nonalcoholic fatty
liver disease pateints. The age between 30 to 75 years
both gender, and group Il include- 170 normal healthy
controls (98 males and 72 females) without any
complication. Essential hypertension, thyroid disease,
pregnancy cardiac associated liver disease cancer,
asthma, and other infectious diseases were excluded
from the study. The study was approved by the
Institutional Ethical Committee and patients were
recruited for the study after taking their written
informed consent. A detailed physical examination was
done which included measuring of height, weight and
blood pressure.

Sample collection and analysis of biochemical
parameters

The overnight fasting blood was collected in
anticoagulat tubes. Plasma, serum and hemolysate were
prepared and stored at -4°C. Blood samples transferred
in EDTA tubes were centrifuged at 3000 rpm for 15
min and their plasma fractions were stored at -20°C to
measure MDA levels. Estimation of blood Catalase
activity by Aebi (1984) method (11). Determination of
Superoxide Dismutase activity (SOD) by Marklund and
Marklund (1974) method (12). Plasma MDA was
measured by spectrophotometric method at 531nm (13),
and HsCRP was determination of immunoterbidy
method.

STATISTICAL ANALYSIS

The statistical analysis was carried out by the
SPSS statistics version 20.0. Values are presented as
means + standard deviation (Means £SD). P < 0.05 was
considered as significant level.

RESULTS
Age distribution in study groups

The age distribution in alcoholic and
nonalcoholic fatty liver disease and healthy control
subjects are listed in Table 1. Out of total (n = 495)
subjects, 167 AFLD patients 158 were nonalcoholic
fatty liver disease. According to age distribution, 61 to
75 years age group subjects were in higher numbers as
compare to other age groups.

Physiological characteristic of AFLD compared to
controls

The duration of disease, height, weight and
basal metabolic rate (BMI), in AFLD and healthy
control are shown in Table 2.

Physiological characteristic of NAFLD compared to
controls

The duration of disease, height, weight and
basal metabolic rate (BMI), in NAFLD and healthy
control are shown in Table 3. The Duration of disease,
weight and BMI were found significantly increased in
NAFLD as compared to healthy controls.

Blood sugar in AFLD compared to controls

The blood sugar in AFLD patients and healthy
control are shown in Table 4. The blood sugar found not
significantly in AFLD.

Blood sugar in AFLD compared to controls

The blood sugar in NAFLD patients and
healthy control are shown in Table 5. The blood sugar
found to significantly increase in NAFLD.

Liver profile in AFLD compared to controls

The biochemical parameters- AST, ALT, ALP,
GGT, total protein and total bilirubin, in AFLD patients
and healthy control are shown in Table 6. The AST,
ALT, ALP, GGT, and total bilirubin were found
significantly increased and no significant difference of
total protein in AFLD.

Liver profile in NAFLD compared to controls

The biochemical parameters- AST, ALT, ALP,
GGT, total protein and total bilirubin, in NAFLD
patients and healthy control are shown in Table 7. The
AST, ALT, ALP, GGT, and total bilirubin were found
significantly increased and no significant difference of
total protein in NAFLD as compared to healthy controls

Lipid profile in AFLD compared to controls

Serum total cholesterol, triglyceride, HDL-C,
LDL-C and VLDL-C in AFLD and healthy control are
shown in Table 8. The serum total cholesterol,
triglyceride, LDL-C and VLDL-C levels were found
significantly increased and no significant difference of
HDL-C AFLD as compared to healthy controls.

Lipid profile in NALFD compared to controls

Serum total cholesterol, triglyceride, HDL-C,
LDL-C and VLDL-C in ALD and healthy control are
shown in Table 9. The serum total cholesterol,
triglyceride, LDL-C and VLDL-C levels were found
significantly increased and no significant difference
HDL-C in NAFLD as compared to healthy controls.

Blood activity of SOD, CAT and plasma MDA, and
hsCRP levels in ALFD compared to controls

Blood activity of SOD, CAT and plasma MDA
levels in AFLD and healthy control are shown in Table
10. The plasma MDA, and hsCRP levels significantly
increased and blood activity of SOD and catalase
significantly decreased in AFLD as compared to
healthy controls.
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Blood activity of SOD, CAT and plasma MDA, and Table 11.The plasma MDA, and HsCRP levels
hsCRP levels in NAFLD compared to controls significantly increased and blood activity of SOD and
Blood activity of SOD, CAT and plasma MDA catalase significantly decreased in NAFLD as compared
levels in NAFLD and healthy control are shown in to healthy controls.
Table-01: Age distribution of study groups and healthy controls
Age (years) | AFLD (n=167) | NAFLD (n=158) | Controls (n=170)
30-45 39 42 49
46-60 53 51 62
61-75 76 65 59
Total 167 158 170

Table-02: Physiological characteristic of AFLD

Parameters AFLD (n=167) | Controls (n=170) P value
Height (cm) 169.2+0.11 170.1+0.09 p<0.33
Weight (kg) 57.15+9.65 57.18+6.95 p<0.97
BMI (kg/m?) | 20.25%1.75 19.56+1.34 p<0.001

Data are presented as mean + SD, p < 0.05 was considered as significant level

Table-03: Physiological characteristic of NAFLD

Parameters NAFLD (n=158) Controls P value
(n=170)
Height (cm) 169.6+0.09 170.1+0.09 p<0.06
Weight (kg) 126.39+15.23 57.18+6.95 p<0.001
BMI (kg/m?) 44.80+7.9 19.56+1.34 p<0.001

Data are presented as mean = SD, p <0.05 was considered as significant level

Table-04: Blood sugar in AFLD in compared to controls

Parameters AFLD (n=167) | Controls (n=170) | P value
Blood Sugar (mg) | 107.92+29.08 | 103.38+20.57 p<0.095
Data are presented as mean + SD, p <0.05 was considered as significant level

Table-05: Blood sugar in NAFLD compared to controls.

Parameters NAFLD (n=158) | Controls (n=170) | P value
Blood Sugar (mg) | 159.22+62.28 103.38+57 p<0.001
Data are presented as mean + SD, p <0.05 was considered as significant level

Table-06: Liver profile in AFLD as compared to controls

Parameters AFLD (n=167) Controls (n=170) P value
ALT (IU/L) 115.66+34.28 29.18+8.46 p<0.001
AST (IU/L) 112.43+40.97 28.14+7.23 p<0.001
GGT (1U/L) 108.25+30.26 22.87+10.05 p<0.001
ALP (IU/L) 185.49+49.46 86.91+24.81 p<0.001
T.P (g/dl) 4.92+0.82 6.97+0.65 p<0.001
T.B.(mg/dl) 0.86+0.28 0.62+0.15 p<0.001

Data are presented as mean + SD, p < 0.05 was considered as significant level

Table-07: Liver profile in NAFLD as compared to controls

Parameters NAFLD (n=158) | Controls (n=170) | P value
ALT (1U/L) 82.87+30.94 29.18+8.46 p<0.001
AST (IU/L) 77.07+£32.54 28.14+7.23 p<0.001
GGT (1U/L) 107.34+36.64 22.87+10.05 p<0.001
ALP (IU/L) 109.72+91.86 | 86.91+24.81 p<0.001

T.P (g/dl) 5.21+0.92 6.97+0.65 p<0.001
T.B.(mg/dl) 0.72+0.28 0.62+0.15 p<0.001

Data are presented as mean + SD, p < 0.05 was considered as significant level
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Table-08: Lipid profile in AFLD as compared to the controls

Parameters AFLD (n=167) | Controls (n=170) | P value

T. Chol (mg/dI) 259.53+35.91 178.74+20.13 p<0.001

TG (mg/dl) 189.12+37.96 122.23+13.46 p<0.001
HDL-C (mg/dl) 42.08+7.70 41.08+7.37 p<0.99

LDL-C (mg/dl) 172.25+35.24 113.20+17.93 p<0.001

VLDL-C (mg/dl) 37.96+7.52 24.46x2.74 p<0.001

Data are presented as mean + SD, p < 0.05 was considered as significant level.

Table-09: Lipid profile in NAFLD compared to controls

Parameters NAFLD (n=158) | Controls (h=170) | P value
T. Chol (mg/dl) | 284.08+29.47 178.74+20.13 | p<0.001
TG (mg/dl) 203.34+26.25 122.23+13.46 | p<0.001
HDL-C (mg/dl) | 43.9648.79 41.0847.37 p<0.001
LDL-C (mg/dl) | 199.46+31.35 113.20+17.9 p<0.001
VLDL-C (mg/dl) | 40.46+5.25 24.46+2.74 p<0.001

Data are presented as mean + SD, p < 0.05 was considered as significant level

Table-10: Blood activity of SOD, catalase plasma MDA, and HsCRP levels in AFLD as compared to controls

Parameters AFLD Controls P value
(n=167) (n=170)

MDA umol/L 8.01+2.56 2.81+0.53 p<0.001
SOD U/g of Hb 2.69+1.09 5.68+1.08 p<0.001
CAT U/g of Hb 3.17+1.20 6.77+1.07 p<0.001
HsCRP (mg/dl) 6.57+2.66 1.83+0.56 p<0.001

Data are presented as mean + SD, p < 0.05 was considered as significant level

Table-11: Blood activity of SOD, catalase plasma MDA, and hsCRP levels in NAFLD as compared to controls

Parameters NAFLD (n=158) | Controls (n=170) | P value
MDA pmol/L 7.85+3.07 2.81+0.53 p<0.001
SOD U/g of Hb 2.53+1.09 5.68+1.08 p<0.001
CAT U/g of Hb 6.77+£1.07 3.69+1.48 | p<0.001
HsCRP (mg/dI) 7.48+2.45 1.8340.56 p<0.001

Data are presented as mean + SD, p < 0.05 was considered as significant level

DISCUSSION

In the our present study, we showed that
physiological characteristic such as height, weight and
BMI were increased in NAFLD pateints then AFLD,
due to BMI was independently associated with NAFLD.
BMI is an also independent predictor of fat infiltration
of the liver and it does provide an indicator of body
fatness for people and it is used to screen for weight that
may lead to problem of health [14]. Our present study
suggested high levels of BMI in obesity for
development of NAFLD which leads to the liver
cirrhosis. Pang Q et al., also reported that the increased
BMI a strong association between obesity and NAFLD
risk in the population compared with the western
population [15]. The blood sugar was found to be no
statistically significant (p<0.001) in AFLD and
significantly increased in NAFLD as compared to
controls. Similar results were reported by Babu Rao et
al., [16]. In the present study, uncontrolled
hyperglycemia is a major cause of NAFLD and increase
level of blood sugar is seen in fasting and postprandial
state. However monitoring of blood sugar regularly,
prevent ongoing of diabetes condition but lake of
awareness also make a suitable condition of NAFLD.

In our study, we shows the total bilirubin, AST,
ALT, ALP, and GGT were found significantly increased
(p<0.001) and total protein was found to be non-
significant in AFLD and NAFLD as compared to
controls in both genders. Severity of liver damage is
often converted to the amount of alcohol consumption
in pateints with a history of heavy alcohol abuse [17].
However, liver disease doesn’t only depend to the
amount of alcohol consumption but also depend on the
type 2 diabetes. Obesity is also play an important role in
the development of liver disease.

In the present results, we observed that the
lipid profile (TC, TG, and LDL, VLDL and HDL) were
found to be statistically significant (p<0.001) and level
of HDL was found to be not significant (p<0.005) in
study groups in comparison to the control group in both
genders. Similar results documented by Boemeke L et
al., [18] have found that markedly significantly
increased (p<0.001) levels of total cholesterol (TC),
triglyceride (TG), LDL-C and HDL-C in ALD. Sen A et
al., [19] reported the lipid profile significantly increase
in nonalcoholic fatty liver disease, and NAFLD with
diabetic patients may be attributed to increase in the
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mobilization of free fatty acid from fat depots. The role
of liver in lipid and lipoprotein metabolism, therefore
hypertriglyceridemia has been correlated with
hepatocyte fat accumulation [20]. Kelishadi R et al.,
[21] have reported that NAFLD patients have elevated
levels of total cholesterol, triglycerides, LDL-C and
VLDL-C and reduced levels of HDL-C in NAFLD. Jin
HB et al., [22] found fatty liver positively correlated
with levels of plasma triglyceride and negatively with
level of plasma HDL-C, but not with levels of total
cholesterol. Our results showed the obese T2DM
patients were significantly higher levels of serum
triglycerides, LDL-C and VLDL-C with significantly
lower HDL-C levels in comparison to controls. Similar
finding were seen in previous study Yadav NK et al.,
[23] have demonstrated the mean levels of serum
triglyceride higher in diabetics in comparison to obese
control subjects.

In our study, we shows that the plasma MDA,
which is the end product of lipid peroxidation, was
found to be significantly increased (p<0.001) in AFLD
group as compared to the control group. Similar results
reported by Muller G et al. [24] found to be higher
concentration of MDA in AFLD and NAFLD. The
processes of liver damage and lipid peroxidation are
closely connected. The oxidative stress has a causative
role in liver fibro genesis and its mechanism first
described by Chojkier et al, have demonstrated that in
vitro evidence of a possible molecular linkage between
enhanced lipid peroxidation and induction of collagen
gene expression. We observed the levels plasma MDA
was found to be significantly increased (p<0.001) in
NAFLD groups as compared to the control group.
Previous studies have shown that the plasma MDA
levels significantly increased in NAFLS than that of
healthy controls [25], and also reported that the MDA is
an indicator of lipid peroxidation; explain the presence
of an enough antioxidant pool in the early stage of the
disease before the fibrosis development [26]. Therefore,
MDA in hepatic and peripheral tissue would be an ideal
approach in the pathogenesis of NAFLD.

In present study, the activity of erythrocyte
SOD and catalase (p<0.001) were significantly
decreased in AFLD in comparison to control group.
Excessive consumption of alcohol is associated with
changes in cell function and the oxidant-antioxidant
system. Capacity of reduced antioxidant has been found
in liver disease and may promote the free radical
generation, lipid peroxide, and lipid peroxidation
mediated by free radical is reasoned to damage of cell.
According to some previous studies; Chen YL et al.
Pujar S et al. [27, 28] have reported that the
significantly decreased erythrocyte SOD (p<0.05), and
catalase activity (p<0.05) in ALD patients. Chari S et
al. Janani AV et al.,, [29, 30] demonstrated that the
blood SOD activity were significantly lower (p<0.001)
in alcoholic liver disease as compared to the controls.
SOD is an antioxidant enzyme that changes superoxide

anion radicals into hydrogen peroxide and molecular
oxygen [31], with regard to lipid metabolism in liver. It
is reported that increased lipid peroxidation and hepatic
TG accumulation because of abnormal lipid metabolism
in liver [32]. According to Bhandari S et al., [33]
reported that the activity of blood SOD was decrease
significantly in NAFLD. Koek CM et al. Leghi GE et
al. [34, 35] found that the reduced levels of catalase in
NAFLD compared to the controls. Reduction of
catalase activity may occur to its depletion or
inactivation by reactive oxygen species. Since oxidative
damage to cellular are associated with the decreased
activity of catalase.

In the present study, the level of hsCRP was
found to be significantly increased (p>0.001) in AFLD
group in comparison to control group in the both
genders. The C-reactive protein positively associated
with excessive alcohol consumption, and it is an early
biomarker of AFLD, and decrease with liver fibrosis
[36]. Our findings are in line with previous studies such
as Kogiso T et al. Riquelme A et al. [37, 38] have been
found that the levels of hsCRP were significantly higher
and independently associated with NAFLD as
compared to controls. hsCRP may be a clinical feature
not only distinguishes NASH from simple non
progressive status, but also indicates the severity of
fibrosis. In the cross sectional study reported by Park
SH et al. [39] elevated hsCRP level was associated with
NAFLS in apparently healthy non-obese Korean men.

CONCLUSION

The present study suggest that higher levels of
malondialdehyde (MDA) and decreased antioxidant
enzyme such as super dioxide dismutase (SOD) and
catalase (CAT) activity may be considered as
identifying markers and help to early detection of liver
disease, and monitoring of the effective therapeutic
treatment of patients. These are cost effective and can
be easily assayed in the lab. High sensitive C-reactive
protein (hsCRP) is most important biomarkers of liver
disease, therefore these markers are also useful for early
detection of liver diseases. Improving the liver function
may have significant clinical implications for the
prevention and treatment of AFLD and NAFLD. This
fact is to be kept in mind when planning strategies for
prevention of complications of diseases for better
quality of life.

REFERENCES

1. Alcoholic liver disease: Medline Plus Medical
Encyclopaedia.

2. Hepatic steatosis. Retrieved 20-06-2015.

3. Nonalcoholic fatty liver disease- NHS Choices’
www.nhs.uk. Retrieved.

4. Shea RS, Dasarathy S, McCullough AJ. Study of
alcoholic liver disease. Hept. 2010; 51(1): 307-328.

5. Das SK, Balkrishnan V, and Vasudevan DM.
alcohol: its health and social impact in India. Natl
Med J India. 2006; 19(2) 94.9.

Available online at https://saspublishers.com/journal/sjams/home

567


https://saspublishers.com/journal/sjams/home

Haresingh Makwane et al., Sch. J. App. Med. Sci., Feb 2018; 6(2): 563-569

6. Sheth SG, Gordon FD, and Chopra S. Nonalcoholic independent risk factor in diabetic fatty liver
steatohepatitis. Ann Internal Med. 1997; 126(2): patients. Hepatobil Pancr Int. 2005; 4(3):389-392.
137-145. 23. Yadav NK, Thanpari C, Shrewastwa MK, Mittal

7. Chalasani N, Younossi Z, Lavine JE, Diehl AM, RK. Comparison of lipid profile in type 2 obese
and Brunt EM, Cuski K. The diagnosis and diabetes and obese non-diabetic individuals. A
management of nonalcoholic fatty liver disease. hospital based study from western Nepal
Hepatology. 2012; 55(6) 2005-2023. Kathmandu University. Med J. 2012; 39(3):44-47.\

8. Ryter SW, Kim HP, Hoetzel A, Park JW, Nakahira 24, Muller G, Rahfeld B, Jannasch M.
K. Mechanisms of cell death in oxidative stress. Malondialdehyde concentration in blood plasma of
Antioxid Redox Signal. 2007; 9(1):49-89. patients with liver disease. Z Gesamte Inn Med.

9. Cederbaum AL, Defeng Wu, and Arthur L. 1992; 47:263-265.

Alcohol, oxidative stress and free radical damage. 25. Vincent HK and Taylor AG. Biomarkers and
Alcohol Res Health. 2001; 31(12): 1524-1526. potential mechanism of obesity-induced oxidant

10. Moore K, Roberts LJ. Measurement of lipid stress in humans. Int Obese J. 2006; 30(3): 400-
peroxiadation. Free Radic Res. 1998; 28(6):659- 418.

671. 26. Yadav D, Hertan HI, Schweitzer Pnorkus EP,

11. Jean CD, Maryse T, Marie JF. Plasma Pitchumoni CS. Serum and liver micronutrient
Malondaildehyde levels during  myocardial antioxidant and serum oxidative stress in patients
infarction Clin Chem Acta. 1983; 129:319-322. with chronic hepatitis C. Am J Gastroenterol. 2002;

12. Hugo Aebi. Methods in enzymolgy. 1984, 97(10):2634-2639.

105:121-126. 27. Chen YL, Chen LJ, Bair MJ, Yao ML, Peng HC.

13. Marklund S and Marklund G. Eur J Biochem. Antioxidative status of patients with alcoholic liver
1974; 469-474. disease in south-eastern Taiwan. World J

14. Centres for Disease Control and Prevention: Body Gastroenetrol. 2011; 17(8):1063-1070.

Mass Index. Page last reviewed and updated. 2007. 28. Pujar S, Kashinakunti SV, Gurupadappa K,

15. Pang Q, Zhang JY, Song SD, Qu K, Xu X, Liu SS. Manjula R. Serum MAD antioxidant vitamins and
Central obesity and nonalcoholic fatty liver disease erytherocytic antioxidant enzymes in chronic
risk after adjusting for body mass index. World J alcoholic liver disease-a case control study. Al
Gastroenterol. 2015; 21(5):1650-1662. Ame J Med Sci. 2011; 4(4):315-322.

16. Babu Rao R, Sampath Kimar V, Rana Rao J, 29. Chari S, Gupta M. Status of blood antioxidant
Ambica Devi K. Study of biochemical markers in enzymes in alcoholic acirrhosis. Ind J Physio
nonalcoholic fatty liver disease. IJPBS. 2012; Pharma. 2003; 47(3):343-346.
2(1):1-7. 30. Janani AV, Suprapaneni KM. Antioxidant vitamins

17. Nevins CL, Malatry H, Velez ME, Anand BS. and enzyme status in patients with alcoholic liver
Interaction of alcohol and hepatitis C virus disease. J Clin Diab Res. 2010; (4):2742-2747.
infection on severity of liver disease. Dig Dis Sci. 31. Komdo Y, Masutomi H, Noda Y, Ozawa Y,
1999; 44(6):1236-1242. Takahsshi K, handa S. Sensecence marker protein-

18. Boemake L, Bsssani L, Marroni CA, Gottschall 30/superoxide dismutase 1 double knockout mice
CBA. Lipid profile in cirrhotic patients and its exhibit increased oxidative stress and hepatic
relation to clinical outcome. Ara Bras Cir Dig. steatosis. FEBS Open Bio. 2014; 4:522-532.

2015; 28(2):132-135. 32. Uchiyama S, Shimizu T, Shirasawa T. CuZn_SOD

19. Van Harmelen V, Rohiig K, Hauner H. comparison deficiency Cause ApoB degradation and induces
of proliferation and differentiation capacity of hepatic lipid accumulation by impaired lipoprotein
human precursor cell from the omental and secretion in mice. J Biol Chem. 2006;
subcutaneous tissue depot of obese subjects. 281(42):31713-317109.

Metabolism. 2004; 53(5):632-637. 33. Bhandari S, Agarwal MP, dwivedi S, Banerjee BD.

20. Donnelly K, Smith Schwarzenberg S, Jessurum J, Monitoring oxidative stress across worsening Child
Boldt M, Parks E. Sources of fatty acids stored in Pugh class of cirrhosis. Ind Med Sci. 2008;
liver and secreted via lipoprotein in patients with 62(11):444-451.
nonalcoholic fatty liver disease. J Clin Invest. 34. Khubchandani AS, Hiren Sanghani H. Serum
2005; 115:1343-1351. magnesium and HbA1C in diabetic patients along

21. Kelishasi R, Cook SR, Adibi A Faghihimani Z, with changes in their lipid profiles. Indian Clin
Ghatrehsamani S. Association of the components Pract. 2013; 23(11):717-719.
of the metabolic syndrome with nonalcoholic fatty 35. Leghi GE, Domenici FA, and Vannucchi H.
liver disease among normal weight, overweight and Influence of oxidative stress and obesity in patients
obese children and adolesecents. Daibetol Metab with nonalcoholic steatohepatitis. Ara
Syndr. 2009; 1:29. Gastroenterol. 2015; 52(3):228-233.

22. Jin HB, Gu ZY, Yu CH, Li YM. Association of 36. Cederbaum Al, Lu Y, Wu D. Role of oxidative
NAFLD with T2DM: clinical feature and stress in alcohol induced liver injury. Arch

Toxoicol. 2009; 83(6):519-548.
Available online at https://saspublishers.com/journal/sjams/home 568



https://saspublishers.com/journal/sjams/home

Haresingh Makwane et al., Sch. J. App. Med. Sci., Feb 2018; 6(2): 563-569

37.

38.

39.

Kogiso T, Maoitoshi Y, Shimitz S, Nagahara H,
Shriatori K. HSCRP as a predictor of NAFLD
based on the alkaike information criterion scoring
system in the general Japanese population. J
Gastroenterol. 2009; 44(4):312-321.

Riquelme A, Arrese M, Soza A, Morales A,
Baudrand R, perez-Ayuso RM. Nonalcoholic fatty
liver disease and its association with obesity,
insulin resistance and increased serum levels of C
reactive protein in Hispanics. Liver Int. 2009;
29(1):82-88.

Park SH, Kim BI, Yun JW, Kim JW, Park DI, Cho
YK. Insulin resistance and C reactive protein as
independent risk factors for nonalcoholic fatty liver
disease in non-obese Asian men. J Gastroenterol
Hepatol. 2004; 19(6):694-698.

Available online at https://saspublishers.com/journal/sjams/home

569


https://saspublishers.com/journal/sjams/home

