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Abstract 

Background: Cirrhosis is a liver disease in which irreversible scarring of the hepatic cells occurs that 
alters the lipid metabolism. The purpose of the current study was to ascertain metabolic alteration that 
occurred in hepatitis C cirrhosis patients. Methodology: The blood samples of hepatitis C cirrhosis 
patients and controls were collected in a fasting condition. Serum lipid analysis was done by gas 
chromatography and micro-lab. The data were analyzed by using SPSS 15 and SAS statistical software. 
Results: The MELD (model for end-stage liver disease) score showed the liver function; AST to APRI 
(platelet ratio index) and FIB-4 (fibrosis-4) score indicated the low degree of fibrosis in the patients. 
Hypolipidemia with a reduced level of triglyceride, VLDL-C, LDL-C, HDL-C, and cholesterol was observed 
in hepatitis C cirrhosis patients. The hepatitis C cirrhosis patients showed elevated quantities (p<0.05) of 
palmitoleic and palmitic acids while reduced concentrations (p<0.05) of linoleic acid (LA), docosenoic, 
arachidonic, and eicosapentaenoic (EPA) acids were detected in comparison to control subjects. The 
lignoceric, arachidic, myristoleic, nervonic, α-linolenic acid (ALA), docosapentaenoic acid (DPA), and 
eicosatrienoic (ETE) acids were not detected in patients. The SFA and MUFA were comparatively 
augmented (p<0.05), and PUFA was reduced in the serum of hepatitis C cirrhosis patients compared with 
controls. Conclusion: Hepatitis C cirrhosis patients were found with a lower degree of fibrosis and 
augmented concentrations of SFA and MUFA, while reduced PUFA levels may be possibly due to altered 
desaturase activities, non-enzymatic oxidation reaction, and impaired PUFA metabolism. 

Keywords: Fatty acids, cholesterol, GC-FID, lipotoxicity, lipogenesis, Triglycerides. 

 

INTRODUCTION 

Cirrhosis is the last stage of liver disease, characterized as the main reason for mortality 
and morbidity worldwide. According to the WHO (World Health Organization) 
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assessment of cirrhosis and liver cancer affected 783,000 people and 619,000 deaths. 
Both health conditions contribute to almost 2.5% of every forty deceased cases 
internationally. Liver cancer is associated with chronic infections with Hepatitis C and B 
[1]. Liver cirrhosis is caused by viral hepatitis and important cause of mortality in 
Pakistan; the prevalence of hepatitis C and B is 5 - 7% and 3 - 4% respectively [2].  

The transportation and synthesis of many apolipoproteins occur through the exogenous 
and endogenous lipid metabolic pathways occur in the liver [3]. The alteration in lipid 
metabolism depends upon the stage of liver disease. The plasma cholesterol, 
lipoproteins, and triglycerides reduced levels observed in chronic liver diseases [4, 5]. 
The case-control studies have established lower total cholesterol (TC) levels in HCV 
infection [6]. 

The analogous effects of hepatitis C virus replication have been observed with HMGR 
(HMG-CoA reductase) inhibitors in hepatitis C patients. The cholesterol is synthesized 
in the liver and diminished by hepatitis C virus duplication due to a reduction in the 
amount of geranyl pyrophosphate, which is an essential metabolite accessible for the 
synthesis of cholesterol during the mevalonate pathway. A rise in the receptors of LDL-
C (low-density lipoprotein-cholesterol) and LDL concentration in intrahepatic tissues 
may respond to reduce the quantity of intracellular cholesterol. The increased LDL 
uptake might reduce serum LDL-C concentration in hepatitis C patients [7, 8]. 

The fatty acids (FA) are concerned with the pathological process of many diseases 
related to metabolic disorders (namely cardiovascular disease, diabetes, and obesity) 
[9, 10]. The hepatic disorders, particularly in non-alcoholic fatty liver disease is indicate 
the non-enzymatic oxidation of fatty acids, and altered peroxisomalPUFA 
(polyunsaturated fatty acid) metabolism is related to the progress of the disease [11]. 
The core proteins of the hepatitis C virus influence FA formation and lead to the 
synthesis of fatty droplets in the liver, which perform a crucial part in the development of 
hepatitis C disease [12, 13]. 

Steatosis is a disease in which FA is stored in the liver, contributing toward lipogenesis 
due to the hepatitis C induced viral replication process. The stimulation of hepatic FA 
synthesis has correlated with hepatitis C due to the up-regulation of enzymes involved 
in the FA synthesis pathways, for instance, SREBP-1c (sterol regulatory-element 
binding protein 1c) and FA synthase in cellular and animal models [14, 15]. Keep the 
above detail; FA and cholesterol contribute an essential part in the progress of infection 
caused by hepatitis C. Hence the purpose study has to distinguish the circulating lipid 
levels and metabolic de-arrangement that occurred in hepatitis C cirrhosis patients.  
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MATERIAL AND METHODS 

Samples resource: The study was conducted at the Institute of Biochemistry and 
National Center of Excellence Analytical Chemistry University of Sindh, Jamshoro, 
Pakistan. The study was ethically approved and retrospectively registered by the 
education and research ethical committee Institute of the Biochemistry University of 
Sindh, Jamshoro. In this case-control study 100 samples were examined, and randomly 
collected between November 2015 to August 2016, from Liaquat University Medical 
Health Sciences Hospital Jamshoro and Civil hospital Hyderabad. 

Diagnosis of patients: The hepatitis C cirrhosis patient had physically examined by a 
consultant, the patient showed the signs & symptoms including anorexia, ascites 
abdominal wall vascular collaterals, weakness, fatigue, weight loss, asterixis 
hypertrophic osteoarthropathy. The screening of ALT (Alanine aminotransferase) levels 
is best for diagnosis of metabolic disorders and hepatic injury. However, it has some 
restrictions for investigating the grade of inflammation and assessing the condition of 
fibrosis severity of liver cirrhosis. The increased concentration of ALT had measured as 
an indicator of liver injury and is liable for the changes in lipids of patients with hepatitis 
C cirrhosis. The abnormal levels of ALT in patients had an analogous degree of fibrosis, 
and necro-inflammation and profile of their metabolites have similarities [16]. All patients 
included in the current study were analyzed by PCR, showing positive results of HCV 
RNA and an augmented ALT level. The ultrasound of patients was performed through 
the hospital while the patient's ultrasound results have been interpreted as hepatocytes 
showing the indication of regenerative nodules, which confirmed the presence of 
cirrhosis.  

Criteria for control subjects: The control subjects analyzed by the ELISA with non-
reactive results having the same age and gender were enrolled in the study from a 
similar population. 

Exclusion criteria: The many disorders including malignancy, high blood pressure, 
diabetes, immunoglobulin diseases, thyroid gland disorders, kidney failure, and 
malnutrition showed hypolipidemia. Hence the subjects with these illnesses were 
disqualified from the current study. 

Collection of blood samples and analysis: 5 ml blood sample was drawn from 
healthy subjects and hepatitis C positive cirrhosis patients in the fasting condition. 
Serum was separated, and stockpiled at -40 ᵒC until examined, lipid profile including TL 
(total lipids), HDL-C(high-density lipoprotein-cholesterol), TC, TAG (triacylglycerol), 
LDL-C, and  VLDL-C (very low-density lipoprotein-cholesterol) analyzed by a kit 
procedure (Merck, Germany) through micro-lab 300. The FA composition was analyzed, 
through gas chromatograph 8700 (Perkin–Elmer Ltd). FAswere examined as TFA (Total 
FA) and FFA(Free FA) by the reported method [17]. The analytical grade chemicals and 
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reagents were used throughout the work. The FA composition was given as a relative 
ratio based on a sum of peak height. 

Fibrosis score calculation: The standard formula was used for the calculation of APRI 
(AST to platelet ratio index) and FIB-4 (fibrosis-4) [18].  

MELD (Model for end-stage liver disease) scorewas calculated by using the standard 
method through the “Online UNOS MELD calculator” [19]. 

The enzymes' activities (desaturase and elongase) calculation: The activities of 
enzymes desaturase and elongase were determined by the percentage of product to 
the precursor of a distinct serum FA concentration (g/100g) via using the following 
formulas [20]: 

Elongase = 18:0/16:0. 

Δ-9 desaturase = 16:1/16:0 and 18:1/18:0;  

Δ-6 desaturase = 18:3/ 18:2  

Statistical Analysis: All values are presented as average ± SD. whereas the 
correlation among the groups (patients vs. control subject) the Mann- Whitney U test or 
student’s t-test was used as appropriate with SPSS 15. The statistically significant p-
value was measured as smaller than 0.01 and 0.05. The statistical software SAS was 
used, for a conditional logistic-regression study. The risk factor for the quartiles and 
incessant variables was computed by OR (odds ratios) and 95% CI (confidence 
intervals). The quartile was estimated through dissemination of the FA levels between 
the reference, and the minimum quartile was considered the referent group. 

Results 

Seventy patients had consented initially, but twenty patients were omitted on behalf of 
the exclusion criteria. The hepatitis C cirrhosis patients (n=50) with median age was 
48.46 (range, 20 – 90 years), and 52% were female. 

Particularly prognostic variables: The particularly prognostic variables were collected 
from the laboratory reports of patients as baseline characteristics and used for the 
evaluation of fibrosis and disease severity.  

Predictors of fibrosis in hepatitis C cirrhosis patients: The platelet count, AST, and 
ALT levels were used to calculate APRI and FIB-4 scores, which were responsible for 
estimating fibrosis in hepatitis C cirrhosis patients. The FIB-4 score of hepatitis C 
cirrhosis patients was 2.29 and APRI 1.12 (Table 1).  
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Hepatitis C cirrhosis patients MELD score: The MELD score was calculated from 
baseline characteristics and used to evaluate the severe condition of diseased patients 
and the expected survival rate. The hepatitis C cirrhosis patients were characterized 
into three groups based on their MELD scores. The 14 patients' serum bilirubin levels 
were found in the middle of 2.3 to 2.9 mg dl, creatinine levels from 2.0 to 2.4 mg/dl had 
an INR ratio of 1.9; the MELD score of 14 patients was 25, which expected more than 
19.6% mortality rate, however, the score of 17 patients was 21 anticipated 19.6% 
mortality and MELD score remaining 19 patients was 17 had more than 6.0% of 3 
months mortality estimation (Table 2). 

 

 

 

 

 

 

 

 

Lipid profile: The hepatitis C cirrhosis patients had reduced levels (p<0.05) of serum 
lipid composition comprising containing TL, HDL-C, TC, TAG, LDL-C, and VLDL-C, in 
contrast, to control subjects (Table 3). 

 

 



Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and Technology Edition) 

ISSN：1671-5497 

E-Publication Online Open Access 
Vol: 41 Issue: 08-2022 
DOI 10.17605/OSF.IO/FC2YE 
 
 

 

Aug 2022 | 144  

 

 

 

 

 

 

 

 

 

 

Total Fatty acid profile: The hepatitis C cirrhosis patient's results for total FA profile 
with an association to control subjects disclose that palmitoleic and palmitic acids were 
significantly (p<0.05) increased, whereas linoleic acids (LA), docosenoic, 
eicosapentaenoic acid (EPA), and arachidonic acid significantly decreased. The 
eicosatrienoic acid (ETE) lignoceric, α-linolenic (ALA), arachidic, myristoleic, 
docosapentaenoic acid (DPA), and nervonic acid were not detect in hepatitis C cirrhosis 
patients. The enzyme activity of stearoyl-CoA desaturase (SCD, Δ9-desaturase) was 
based on the oleic: stearic acid and palmitoleic: palmitic ratios, which, were calculated 
elevated in hepatitis C cirrhosis subjects, whereas stearic: palmitic and PUFA: SFA ratio 
was decreased contrast to controls (Table 4). 
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Figure 1:  Comparison of TFA including SFA, MUFA, and PUFA (n-6 and n-3) FA 
profile of hepatitis C cirrhosis patients and healthy controls. 

 

Remarkably the serum MUFA and SFA in total form were raised significantly (p<0.05) in 
hepatitis C cirrhosis patients in contrast with healthy subjects. This results in augmented 
levels of palmitic, oleic, and palmitoleic, acids. PUFA concentrations included n – 6 and 
n – 3 were decreased in hepatitis C cirrhosis subjects in association with control 
subjects (Figure 1). 

Free Fatty acid profile: The FFA composition of hepatitis C cirrhosis patients indicated 
a raised concentration of oleic, palmitoleic, stearic, and palmitic acids. A significant 
variant was detected in palmitoleic and palmitic acids. The LA and docosenoic acid 
were significantly abridged (p<0.05) in hepatitis C cirrhosis patients in association with 
healthy subjects. The DPA and lignoceric acid were not found in hepatitis C cirrhosis 
patients (Table 5). 

The MUFA and SFA were augmenting in free form, and PUFA has abridged in hepatitis 
C cirrhosis subjects. The Significant difference detected in FFA included MUFA, SFA, 
PUFA, and its n-6 levels (Figure 2).  
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Enzyme activities: The present study calculated the activities of the desaturase 
enzyme through the FA profile with a variety of serum lipids in hepatitis C cirrhosis 
patients and healthy controls. The Δ-6 desaturase and elongase activity was observed 
to decrease in hepatitis C cirrhosis patients with reduced levels of n-6 PUFA in contrast 
to the healthy controls (Table 6). 
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Figure 2: Comparison of FFA including SFA, MUFA, and PUFA (n-6 and n-3) FA 
profile of hepatitis C cirrhosis patients and healthy controls. 

 

Hepatitis C cirrhosis associated, with fatty acids: The OR of hepatitis C cirrhosis 
patients and control subjects were calculated by quartile of serum FA (Table 7). The 
current investigation originates a higher possibility of hepatitis C cirrhosis progression 
related absolutely through raised concentrations of docosenoic, palmitic, oleic, stearic, 
palmitoleic, and myristic acids. The concentration of serum FA was significantly 
correlated with hepatitis C cirrhosis, while we associated the OR for the maximum 
quartile with a minimum one. The OR was calculated as 1.7 (95% CI: 0.1, 23.1; p trend 
= <0.01) for docosenoic acids, 5.2 (95% CI: 0.7, 54.2; p trend = <0.01) for palmitoleic 
and 7.0 (95% CI: 0.8, 92.6; p trend = <0.01) for palmitic acid. The reverse association 
was seen in PUFA with hepatitis C cirrhosis advancement having OR ≤.0.8. 
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DISCUSSION 

Metabolism of lipid is described by a persuasive approach to obtaining comprehensive 
representative condition of metabolic routes in particular disorders. It’s important to 
consider those metabolic findings offer like a sketch of the variation in the circulating 
lipids and its metabolism don’t provide straight knowledge about the transitions of the 
hepatic cells. In spite of it, the investigation of the circulating lipids makes available 
exclusive and precious comprehension of body fat’s metabolism as observed in present 
investigation proposed for the hepatitis C cirrhosis patients. 

In the current study patients with hepatitis C cirrhosis had reduced levels of serum lipid 
including TL, HDL-C, TC, TAG, LDL-C, and VLDL-C revealing hypolipidemia in patients 
with hepatitis C cirrhosis in comparison to control subjects. Predominantly lowered HDL-
C level in hypolipidemia is an important threatening aspect of cardiac ailments [21]. In 
severe hepatic disorders, hypolipidemia is reported due to debility in the liver's synthetic 
function. Furthermore, Gameil et al., [22] similarly illustrated reduced intensities of 
aggregated VLDL-C, TC, and HDL-C in the diseased person with non-alcoholic hepatic 
cirrhosis. The current study outcomes were confirmed through previous studies that 
showed a variation of lipid metabolites in progressive steps of viral hepatic cirrhosis 
essentially due to alterations in hepatic cells [23]. Chronic hepatitis C infection caused 
hepatocyte damage, which increases the growth of fibrous tissue in the liver and can be 
induced hepatic fibrosis [24]. Evaluation of fibrosis has a significant step in the clinical 
valuation of hepatitis C cirrhosis patients and hepatic biopsy has an intrusive and costly 
procedure that remains hard to perform. Therefore, a non-intrusive technique is utilized 
for the assessment of hepatic fibrosis. APRI is established to precisely predict the 
severity of liver fibrosis in hemodialysis patients with chronic hepatitis C. The FIB-4 
score had derived by adding two parameters (age and ALT in the backbone of APRI), 
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and it was first recognized to predict liver fibrosis in patients with hepatitis C virus and 
human immunodeficiency virus co-infection. Afterward, that one predictive value was 
further authenticated in hepatitis C virus mono-infected patients. FIB-4 was a better 
predictor for severe fibrosis and cirrhosis in comparison to APRI [25]. The APRI of the 
present study patients was 1.12 and the FIB-4 score of 2.29 indicated a low degree of 
fibrosis. Sumida et al., [26] reported that the positive prognostic significance for fibrosis 
is 0.88, and APRI > 1.50, would have significant fibrosis. The FIB4 index < 1.45 
identified the absence and > 3.25 indicates the presence of advanced fibrosis with 91% 
accuracy. 

The present study additionally calculated the MELD score because it has shown 
prognostic value in the clinical situation of hepatitis C cirrhosis patients. The MELD 
score was used for diagnostic accuracy for predicting 3, 6, and 12-month mortality and 
was also helpful for the presence of variceal bleeding [27]. The MELD score of hepatitis 
C cirrhosis patients was 17, 21, and 25 respectively, which showed 6% and 20% of 3-
month mortality. It is reported in the literature the estimated three-month death 
probability of patients is 60% to 83% and 79% to 100% with MELD scores of 30 to 39 
and 40 respectively [28]. 

An additional investigation had done to inspect the association of FA with hepatitis C 
cirrhosis patients. The results have shown significantly (p<0.05) reduced circulating 
amounts of essential FA’s LA and ALA in hepatitis C cirrhosis patients, which was 
allocated to a deficiency of dietetic EFA (essential fatty acids). Reduced concentration 
of ALA, arachidonic, and LA extremely account for the estimated decrease in the total 
PUFA level and PUFA: SFA ratio in patients with hepatitis C cirrhosis. Probable causes 
consisted of alterations in Δ-9, Δ-6, and, Δ-5 desaturase activities owed to 
hepatocellular insufficiency [29]. 

The expression and activities of FADS2 (delta-6 desaturase) and FADS1 (delta-5 
desaturase) are the main enzymes for the biosynthesis of PUFA i.e. arachidonic acid 
and docosahexaenoic acid (DHA) in the Liver [30]. The decreased concentration of 
PUFA (n-6, n-3) with negligible activities of Δ-6 desaturase was found in hepatitis C 
cirrhosis patients, which specifies altered PUFA synthesis with impaired activity of 
FADS2 and FADS1. 

The elongation procedure is catalyzed by fatty acyl elongase enzymes (Elongation of 
Very Long-chain fatty acids; ELOVL). The enzymes of fatty acyl elongases play an 
important part in the first step (FA condensation) of the elongation pathway of FA. The 
fatty acyl elongase family has seven members (ELOVL1 to ELOVL7), with individual FA 
substrate specificity, which has been recognizing in mice and humans. Generally, 
ELOVL7, ELOVL6, ELOVL3, and ELOVL1 select MUFA and SFA as substrates, while 
ELOVL5, ELOVL4, and ELOVL2 utilize PUFA as substrates [31]. The activity of the 
elongase enzyme was estimated to be reduced in hepatitis C cirrhosis patients in 
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contrast to healthy controls. The enzyme ELOVL-6 elongates SFA 16:0 to 18:0 [32]. 
The ELOVL-6 enzyme was responsible for the elongation of palmitic acid to stearic acid, 
whereas a decreased concentration of stearic shows the reduced activity of an ELOVL-
6 enzyme. Diminished levels of PUFA in hepatitis C cirrhosis patients specify the 
abridged activity of ELOVL5, ELOVL2, and ELOVL4 enzymes in comparison to healthy 
controls. Patients in the current study with a lower level of arachidonic acid, stearic: 
Palmitic ratio and ETE (not detected) and by FIB-4 score of 2.29 indicate lower degree 
fibrosis. Cansanção et al., [33] reported that innovative fibrosis in nonalcoholic fatty liver 
disorder was an indicator of disease advancement and was significantly related to an 
increased proportion of oleic, palmitic, stearic acid, and total MUFA. Reduced ETE and 
arachidonic acid and lower stearic: palmitic ratio specify the decreased activity of 
ELOVL6. 

The increased concentration of palmitic acid in patients with hepatitis C cirrhosis was 
found may be due to diminished elongation of FA in patients. An increase in Δ-9 
desaturase and reduced elongase activity may be illustrated by an increase in 
palmitoleic acid and reductions in stearic in the patients. The MUFA: SFA ratio was 
higher, which reveals an increased Δ-9 SCD enzyme activity and SREBP-1c target [34, 
35]. Additionally, this is confirming a higher level of oleic: stearic and palmitoleic: 
palmitic acid ratios in patients with declined levels of lignoceric and arachidic acids as 
downstream metabolites [36]. 

The patients in the present study illustrate that development of cirrhosis was 
significantly correlated with augmented levels of MUFA and SFA containing palmitoleic, 
oleic, docosenoic palmitic, stearic, and myristic acids, while PUFA showed the reverse 
association with the progression of hepatitis C cirrhosis. The MUFA and SFA correlation 
with hepatitis C has been reported in the literature, a higher concentration of MUFA and 
SFA increases hepatitis C replication, however, a rise in PUFA including DHA, 
arachidonic acid, and EPA decreases hepatitis C reproduction in vitro [37]. It has been 
reported that arachidonic acid inhibited hepatitis C reproduction through accelerating 
lipid peroxidation, via a decrease in the amount of hepatitis C virus RNA [38]. Moro et 
al., [39] reported that subjects with lower levels or slightly inadequate PUFA levels have 
a greater possibility of progressing hepatitis C, autoimmune diseases, and other 
microbial infections. 

The FFA including stearic, palmitic, oleic, and palmitoleic acids was augmented in 
hepatitis C cirrhosis patients. The increased concentration of FFA initiated apoptosis in 
liver cells and cellular steatosis, whereas FFA in the saturated form is extremely toxic as 
compared to MUFA. Consequently, stearic and palmitic acids displayed increased 
cytotoxicity than oleic and palmitoleic acids [40, 41]. There is an alternation in lipid 
metabolic pathways (for instance ceramide synthesis, modulation of death receptor 
expression, and putative mechanisms of direct initiation of cellular proapoptotic 



Jilin Daxue Xuebao (Gongxueban)/Journal of Jilin University (Engineering and Technology Edition) 

ISSN：1671-5497 

E-Publication Online Open Access 
Vol: 41 Issue: 08-2022 
DOI 10.17605/OSF.IO/FC2YE 
 
 

 

Aug 2022 | 151  

 

mechanism) the oxygen reactive species are synthesized that stimulate the liver 
lipotoxicity in patients with hepatitis C cirrhosis. 

The further potential mechanism relating to FFA with hepatitis C cirrhosis has altered 
hepatic function to distribute FFA. It may be elucidated as in entire the beta-oxidation, 
the higher amount of FFA arrived inside the liver cells and was consumed for the 
synthesis of triacylglyceride which in turn manufactured a constituent of VLDL-C units 
distributed into the blood. The aforementioned has been recognizing that in NAFLD 
(nonalcoholic fatty liver disease) persons, FFA oxidation and transport of VLDL-C in the 
hepatic cells were impaired outcomes in an inequity with raised levels of serum FFA 
[42]. 
  
CONCLUSION 

The present study concluded that diminished lipid profile is correlated with 
hypolipidemia and specifies impairment in liver function in hepatitis C cirrhosis patients 
with a lower degree of fibrosis. The increased SFA, MUFA, and decreased PUFA levels 
may be due to alteration of elongase, ∆6, and ∆9 desaturases enzymes activities, with 
altered PUFA metabolic rate and non-enzymatic oxidation.  
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