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ABSTRACT
Hepatitis B virus (HBV) and hepatitis C virus (HCV) exerts an intense impact on
patient’s lipid metabolism. Hence the aim of present study is to determine
metabolic derangement that occurs in subjects suffering from hepatitis B, C and
cirrhosis. The fasting blood samples were collected from hepatitis B (n=50), C
(n=50) and cirrhosis patients (HBV-cirrhosis n=30 and HCV-cirrhosis n=50)
along with age and gender matched controls. After separating serum, lipid profile
was analyzed by micro-lab 300 and fatty acids (FAs) composition was examined
by gas chromatography. Fatty acids were further confirmed by gas GC-MS
technique. The epidemiological risk factors for transmission of HBV, HCV and
cirrhosis were measured through standard questionnaire specially designed for
that purpose. The demographic factors, mainly positive family history, dental
treatment, blood transfusion and shaving from barber shop are significant
contributing factors in spread of HBV, HCV, and cirrhosis infection.
Hypolipidemia in HBV and HCV patients is possibly due to alter liver function.
Lipogenesis is elevated in HCV and HBV patients as evident from reduc ed
serum PUFA and elevated SFA as well as MUFA levels. Hence, it proposes the
importance of PUFA supplementation and it may provide synergistic antiviral
effects when given as a food supplement during the INF based anti - HCV
therapy. The lower level of lipid profile (TAG, cholesterol, LDL–C, HDL–C,
VLDL–C and total lipids) indicating hypolipidemia in HBV-cirrhosis and HCVcirrhosis patients specify the nonfunctioning of liver. The increased lipo genesis
(increased level of SFA) and reduced PUFA levels may be due to altering
desaturases activities, impaired PUFA metabolism and non-enzymatic oxidation
is associated with progression of HBV-cirrhosis/ HCV-cirrhosis diseases in
patients and promote the hepatic lipotoxicity.
In conclusion, the hepatitis B and C viruses alter the total cholesterol and FA
metabolic pathways. Therefore, the present study provides the information about
the changes associated with lipid metabolism and significant upregulation, which
might be used as a biomarker for hepatitis B, C and cirrhosis diseases.
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CHAPTER 1
INTRODUCTION
This chapter contains motivation, contributions of this thesis, general
introduction of diseases, life cycle of viruses, antiquity, transmission, and
prevalence of hepatitis B, C, and its progression in the cirrhosis and
epidemiology of liver cirrhosis. The biosynthetic pathways are used to produce
cholesterol and fatty acids and main objectives are also described in this chapter.
At the end of the chapter, we present structure of the rest of the thesis.

1.1 MOTIVATION
The hepatitis B, C and cirrhosis as an emerging community health related issue
existed all over the world but in Pakistan as an underdeveloped country and it’s
small region like Hyderabad and adjoining areas, the problem identified as a massive
public health issue, which requires the serious response from the concern authorities.
Although extensive work has been done in the developed world, we are keen to
perform these studies that provide awareness and value to the community they live in.
These type of studies are needed to develop an interest in researchers to carry out
health studies in Pakistani population that is suffering from many of such diseases that
have been eliminated or significantly reduced in the developed countries. Hepatitis B
and C virus exert an intense impact on patient’s lipid metabolism. The people
getting indulged in these diseases just because they are unaware of their
transmission, and how could they be precautious from such miserable diseases,
Hence, the aim of present study was to determine the risk factors and metabolic
derangement that occurs in hepatitis B, C and cirrhosis patients residing in
Hyderabad and its adjoining areas.

1.2 CONTRIBUTIONS OF THE THESIS
These diseases affect tens of millions of individuals in Pakistan. The detailed
work in this thesis provides important information that can be used to raise
awareness among local population and for developing health care policies to
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combat these epidemics. In addition, the study is valuable for diagnosis,
identification of individuals with risk, and for developing prevention strategies
to reduce incidences of these diseases. This thesis provides great support to the
clinician as they confidentially plan their management and well aware of pati ent
prognosis and response to treatment after evaluating patient condition by his or
her cellular morphology and lipid metabolic activities. By adopting simple and
cost effective measures to identify the Hepatitis B, C and Cirrhosis infection and
regular evaluation during the course of management will not only reduce the
doctor/ patient burden but also help the government to adopt this new and
updated methodology for their current and future plans for the health sector.
1.2.1 AWARENESS ABOUT THE HEPATITIS B, C AND CIRRHOSIS
Pakistan is an underdeveloped country and the economic condition of Pakistan,
such as; less expenditures on health sector and high cost for treatment making
the situation more complicated. In the other regions of Pakistan, the situation is
more or less same and creating a serious threat to large proportion of population
at risks of getting hepatitis B, C infections due to same reasons identified in
Hyderabad and its adjoining areas during the course of study.
It is important to conduct educational programs and present study will provide
the materials for health-care and social-service providers should focus on
improving awareness and adherence to practice guidelines for hepatitis B, C and
cirrhosis. Improved understanding of risk factors for acute and chronic HBV and
HCV infections including the risk-factor screening can lead to increased
identification of cases, increased provision of preventive resources, increased
vaccination to protect those at risk for hepatitis B infection, and reducti on in
disparities in the burden of chronic viral hepatitis.
1.2.2 PROTECTION FROM THE HEPATITIS B, C AND CIRRHOSIS
The vital information collected after studying the demographic risk factors
among target population in the study area can be utilized for the improvement of
flaws and weakness in the community. The people are encouraged to follow
clean sanitary conditions and adequate hand washing, the personal and social
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responsibilities addresses and redefined in depth by adopting one person one
blade or disposable shaving kit usage at hairdressers shops, on the other hand,
habitual blood donor should be discouraged . The diagnosed cases encouraged to
follow healthy lifestyle and healthy eating and motivated to discontinue bad
habits like tobacco chewing and cigarette smoking. The epidemiological study
and serum lipid analysis of hepatitis B, C and cirrhosis will be the hallmark in
the field of Identification, diagnostic and management approaches of hepatitis B,
C and cirrhosis patients.

1.3 OVERVIEW
Hepatitis is a disorder specifically considered by an inflammation of the liver. It
is evident that one of the common cause of hepatitis is virus, caused by five
dissimilar hepatotropic viruses i.e. A, B, C, D and E [1]. Among forth mentioned
five viruses, it is found that hepatitis B and C viruses are commonly found
viruses worldwide. The Hepatitis infectious diseases have serious long-lasting
morbidity and mortality effects among human beings [2]. According to World
Health Organization (WHO) approximately 240 million peoples have been
suffering from chronic stages of hepatitis B virus (HBV) worldwide which
further leads to 7, 80,000 mortalities annually among chronically infected
population with hepatitis B. Almost 130-150 million people have chronic
hepatitis C virus (HCV) infection and nearly 350,000 to 500,000 people decease
annually after hepatitis C infection and its fatal complications [3]. More than 150
million individuals are already reported as chronic cases with HBV, HCV, and
these infected persons are at threat to progress liver cirrhosis and malignancies
[1].
Cirrhosis is described by transformation of liver tissues by fibrotic tissue matter
(scar tissue) and nodular transformation. It is an end-stage of liver diseases
leading to high mortality outcome among infected cases noticed generally. Liver
cirrhosis was estimated to be responsible significantly more than 1000,000
deaths recorded in 2010, which nearly around 2% of all deaths internationally
recorded for the given year [4].
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1.3.1

HEPATITIS B VIRUS

HBV is belonging to family Hepadnaviridae and genus Orthohepadnavirus. It is a
small circular Deoxyribonucleic acid (DNA) virus comprising a nucleocapsid
covering. The nucleocapsids are composed of relatively small and in part 3.2 kb
DNA genome (double stranded), polymerase and core protein. On the other hand
cover is composed of virus surface proteins, which are encircled by a lipid
membrane from already existed cells [5, 6].
1.3.2 ANTIQUITY OF HEPATITIS B INFECTION
Blumberg and co-workers first recognized HBV infection in 1965. They found
the hepatitis B surface antigen (HBs Ag) in the serum of an Australian patient
and initially labeled as Australia antigen [7]. For this discovery, Dr. Baruch
Samuel Blumberg was awarded Nobel Prize in Physiology or Medicine in 1976
[8]. In 1967 the Krugman and his colleague’s studies firmly established hepatitis
B and called it as serum hepatitis, as it was parenterally transferred among
patients with significantly receiving blood transfusion and its related procedures
[9]. Furthermore, an antigen termed serum hepatitis (SH), that arises in the blood
of these patients during the incubation period of disease independently identified
by Prince and coworkers and additional work recognized that Australia (Au) and
SH were alike [10]. The virus was fully described by Dane et al., in the 1970s.
The antigen represented the HBsAg [11, 12]. This preliminary work established
the promising serologic identification of hepatitis B virus and unwrapped a
whole new world of investigation and research in the field of hepatology [13].
1.3.3

LIFE CYCLE OF HEPATITIS B VIRUS

The HBV life cycle starts when the virus bestows to the host cell membrane
through its wrapping proteins, after that in due course, the virus membrane
wraths with the cell membrane and the virus genome is unconstrained into the
cells [14, 15]. The virus genome proceeds in the nucleus and viral polymerase
converts the partially double-stranded DNA (dsDNA) genome into covalently
fastened sphere DNA (cccDNA). The cccDNA is thought to be the stencil for
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further promulgation of pre-genomic RNA, which is directly synthesized from
virus DNA and mRNA that encrypt all the virus proteins [16, 17].
The particles of HBV core are collected in the cytosol subsequently the
encapsidation of pre-genomic ribonucleic acid (RNA), which is then read
throughout the reverse transcription of pre-genomic RNA into a complementary
strand of DNA [18]. The surface proteins of HBV are primarily produced and
polymerized within the rough endoplasmic reticulum (RER) of host cell. These
proteins are transported towards the post ER and pre-Golgi compartments and
follow budding of the nucleocapsid. The HBV virion and sub-viral particles are
assembled and transported to the Golgi-apparatus and its glycan’s where they are
additionally modified and then finally secreted out of the host cell [19].
1.3.4 PREVALENCE OF HEPATITIS B INFECTION
Hepatitis B infection is one of the dominant health problems of the world
population facing nowadays, approximately 2 billion people have been infected
with HBV and 240 million have been chronically infected and 780,000 p eople
are dying every year worldwide from HBV infection [3].
In Asian continent, the prevalence is 0.8% in Japan, 4.6% in China, 2.5-5% in
Indonesia, 7.3% in Korea, >8% in Thailand, 5-16% in Philippines, >10% in
Taiwan [20], 1.5% in Saudi Arabia [21]. In India and many other parts of AsiaPacific regions the prevalence of HBV infection seemed to be relatively higher
[22].
Pakistan has a high prevalence of HBV, approximately 9 million people infected
with HBV and its infection rate is increasing progressively [23]. Carrier rate of
HBV prevalence is 3–4% while chronic HBV is a severe problem throughout the
country [24]. Intra province prevalence of the hepatitis B showed higher rate in
Balochistan (4.3%) province followed by Sindh (2.5%), Punjab (2.4%) and
Khyber Pakhtoonkhwa (1.3%) [25].
The prevalence of hepatitis B virus infection diverges considerably extricate in
unrelated population all over the world. The communities all over the world can
be divided into three distinctive areas based on epidemiological features,
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includes low prevalence for developed countries, high endemic for emergent
countries and all remaining countries falling in between both features [26]. It is
important to know that the level of presence to diseases in any community is
depending upon the development of community indicators [27].
The HBsAg prevalence is subdivided further, as low which is less than 2%,
intermediate 2-8%, and high is more than 8% [27]. The regional dominance of
HBsAg varies from 0.1-0.5% (>2%) in low incidence areas (United States of
America, Canada, Central, Western and Northern Europe, New Zealand and
Australia), 2-5% in intermediary prevalence areas (Eastern Europe, Former
capital union, Japan, Gulf Countries in MENA region, South America along with
central region , Mediterranean region) and

8-20% in high prevalent zones

(African Sub-Sahara region, Asia along with South and eastern region: Southern
China, the Pacific Border & Taiwan) [28]. The center of diseases control (CDC)
was given the global burden of HBV in 2008 is shown in figure 1-1. The burden
of chronic HBV infection in the United States is greater among certain
populations as a result of earlier age at infection, immune suppression, or higher
levels of circulating infection. These include persons born in geographic regions
with high (>8%) or intermediate (2%--7%) prevalence of chronic HBV infection
[29].

Figure 1-1: HBV infection seroprevalence global burden of disease region (Weinbaum
et al., 2008)
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1.3.5 TRANSMISSION AND RISK FACTORS OF HBV
HBV is present in the body fluids and secretions include saliva, sweat, tears,
blood, urine, breast milk, semen, menstrual blood and vaginal secretions [30].
The viral spread also noticed in maternal fetal transfusion (perinatal & vertical
extent) or by skin or inner lining of viscer as exposure to infectious body fluids
(horizontal transmission). The existence of HBeAg in the maternal serum leads
infection further to newborn [31]. The high probability of perinatal hepatitis B
virus infection among newborns ranges from 10-40% in HBeAg negative
mothers and 70-90% in HBeAg positive mothers [32]. In high endemic areas 7090% of the common population has serologic evidence of Hepatitis B Virus
infection [33]. Most of HBV infections are transmitted through fetomaternal
routes accounts for 50% of the cases. The route of transmission in intermediate
and low prevalence areas is mostly later childhood or adulthood [34].
In Pakistan, HBV infection is progressing with a higher rate and this might be
due to the shortage of adequate health facilities, poor socioeconomic conditions
and lack of attentiveness about the possible mode for the transmission of
Hepatitis B Virus infections. Although Public Health authorities are building
positive awareness about hepatitis infections by utilizing printing and electronic
media but the situation surely needs more applicable measures [35, 36].
Unscreened blood transfusion, reuse of plastic syringes and needles, reuse of
infected needles for ear and nose piercing, body parts tattooing, Intravenous
drugs abusers, shaving from barbers and unsterilized dental and surgical
appliances are the some of the leading source of transmission of viral hepatitis in
underdeveloped countries, because international standards for preventions are
not implemented [37].
The contagion of dialysis tools are also a source of transmission for Hepatitis B
virus infection if inaccessibility of infected patients and strict compliance to
infection control processes are not adopted. Imitating these weaknesses, clusters
of Hepatitis B virus continue to be reported in renal dialysis entities [34].
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1.4 HEPATITIS C VIRUS
HCV is a single strand RNA virus, belongs to the family Flaviviridae and genus
Hepacivirus. RNA is positive sense genome, approximately 9.6 kb. The
encrypting of a poly protein comprises 3000 amino acids, which cleaved during
host viral proteases into structural core envelope glycoproteins E1 and E2 and
non-structural core p7, NS2, NS3, NS4A, NS4B, NS5A, NS5B. The E1 and E2
are structural core protein components of virus particles, while NS is gene
products involve in genome replication process, which occurs in cytoplasm [38].
1.4.1 ANTIQUITY OF HEPATITIS C INFECTION
The terms of non-A and non-B hepatitis firstly named by Prince et al., in 1974. A
contagious mediator was alleged relied on the interpretations that the sickness
can be spread parentally to the monkeys and human being by transfusion of
blood [39]. A series of experiments by Bradley and colleagues [40] at the
Centers for Disease Control and Prevention (CDC) has characterized by the
nature of the HCV infectious agent. Filtration studies proposed that the agent
was in between 30 and 50 nm of size. Its infectivity was abolished by
chloroform, which suggested the presence of lipid envelop. However, the
conventional virologic and immunologic techniques of the time failed to isolate
the responsible agent [41]. Experts at the Chiron Corporation in Japan used a
diverse tact tests based on the recent times defined molecular biologic techniques
[42]. This was based on Bradley’s work, which suggested that the non-A and
non-B agent were a virus. However, for the reason that the genetic structural
nature of this putative virus was not acknowledged (although a Flavivirus like
RNA viral agent was suspected), both DNA and RNA were pulled out for
duplicating from a huge capacity of disease-ridden serum [43].
This innovation in 1989 headed to a consideration of inquiries on the viral
agents, now labelled as HCV and its related sickness, presently called as
Hepatitis C. With the progress of antibody-based identification systems,
Hepatitis C Virus is originated to be the most important source of non-A and
non-B viral hepatitis [43].

9

1.4.2

LIFE CYCLE OF HEPATITIS

C VIRUS

The lipoproteins are playing a major role during HCV cell entry. HCV infection
is commenced by the interaction of lipoprotein accompanying with virus
particles and lipoprotein receptors. The clear-cut means of HCV cell entry is not
fully clarified. The uptake of HCV through hepatocytes has been mediated by t he
Low-Density Lipoprotein (LDL) receptors in addition other proteins seeing that
tetraspanin CD81, claudin-1 and occluding [44].
The Hepatitis C virus life cycle begins when a virus enters the host cell. The
interaction of the host cell with double-stranded RNA (dsRNA) occurs by several
mechanisms. Specific receptors activate the synthesis of antiviral type I
interferons (IFN-α and IFN-β) and antiviral proteins. The RNA helicases
Retinoic acid Inducible Gene (RIG-I) and Melanoma Differentiation-Associated
protein 5 (MDA-5) as well as the Protein Kinase Receptors (PKR) bind to
intracellular dsRNA and lead to the activation of the transcription factors
Interferon Regulatory Factor 3 (IRF-3) respectively, which are important for IFN
synthesis. The duplication and get-together of new virus particles occurs through
translation of the positive-strand viral genome which generates nonstructural and
structural viral proteins. The antigen-specific immune response in Cluster of
Differentiation 4 (CD4+) and Cluster of Differentiation 8 Thymocytes (CD8+ T)
cells are produced by dendritic cells and thus HCV impaired this function.
Additionally, T-cell function is impaired by upregulation of Programmed cell
Death-1 (PD-1) and increased interleukin (IL-10) production that facilitates HCV
immune elusion [45].
1.4.3 PREVALENCE OF HEPATITIS C INFECTION
The WHO had estimated that approximatly130-150 million individuals all over
the world have infected with HCV at chronic stage and nearly 0.35 to 0.50
million individuals die every year with hepatitis C infection [3]. HCV infection
varies widely in the Asian countries. It is 1.1% in Japan, 0.9%-5.3% in Saudi
Arabia, 5.6% in Thailand, 5.6-16.9% in Taiwan [46] and 5.52% in Korea [47].
Seroprevalence of hepatitis C in Pakistan is at higher levels in comparisons with
other countries of the South and South East Asian region [48]. HCV is one of
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the prominent cause of chronic liver disease worldwide which affects 3% of the
world population. Umar & Bilal., in 2012 [16] reported that approximately 10
million people (prevalence 2.2-14%) are infected with HCV in Pakistan, in
Punjab the probable risk is 4.3% (range 0.4-31.9%) with wide- disproportions in
different areas [49].

HCV prevalence was comparatively higher in Punjab

(6.7%) and Sindh (5.0%), while Baluchistan (1.5%) and Khyber Pakhtunkhwa
province had lower prevalence (1.1 %) [25]. The study conducted by Aslam et
al., in 2001 [50] revealed 23.8% regional/divisional population dominance of
hepatitis C infection in Gujranwala division (Province Punjab).
The HCV is considered endemic worldwide, Shepard et al., in 2005 [51] reported
a high degree of geographical variation in HCV distribution (shown in figure 12). The Perz et al., in 2004 [52] carried out a research and noted that the
prevalence of HCV infection was low in the United Kingdom, Scandinavia
(0.01% to 0.1%), America, Western Europe, Australia, and South Africa (0.2%
to 0.5%). Intermediate prevalence is seen in Eastern Europe, Mediterranean,
Middle East, and India. Other countries with intermediate prevalence include
Eastern Europe, parts of Africa, Brazil, and Asia. Egypt has a high prevalence of
HCV infection (17 to 26%) besides this Hubei, Mongolia, and Pakistan are
reported by other investigators [53].

Figure 1-2: HCV infection seroprevalence by global burden of disease (GBD) region
(Shepared et al.,2005)

11

1.4.4 TRANSMISSION AND RISK FACTORS OF HCV
Viral hepatitis is an overall major health issue existing worldwide, nowadays.
The incidence of viral hepatitis is higher in developing countries with a
comparison of developed countries. The factors associated with high prevalence
of infection include poor regulation of health standards for repeated exposure of
infected syringes in drug users, inappropriate use of recycled and low quality
needles and syringes, transmission of blood, non-sterilized surgical tools and
dental instruments, nose, ear and tattoo piercing, the reuse of needle or blade for
shave, needle-stick injuries haemodialysis, sexual intercourse and peri-natal
infections [54].
The blood transfusion and blood products played main role in the seroprevalence
of HCV infection. Although viricidal procedures for blood products such as
pasteurization, heat, and detergent treatment have reduced the risk of HCV
transmission but has not provided complete protection [55]. Noticeable
transmission to newborns babies from HCV-RNA-positive mothers existed in
between 4.6 to 10% [56].

1.5 CIRRHOSIS
Cirrhosis is defined as the histological advancement of growing back nodules
bordered by fibrous bands due to long-term damage or liver injury and does not
function properly. A healthy liver and its cirrhosis texture are shown in figure 13. Typically, the disease emanates on sluggishly over the passage of time. At the
initial stage, it is asymptomatic. As the disease become worse the patient might
become weak, tired, and itchy, develop yellow skin, has swelling in the lower
legs, or develop spider-like blood vessels on the skin and fluid accumulation in
the abdomen. Other complications include bleeding from veins dilated at the
lower end of esophagus, hepatic encephalopathy and liver cancer. The confusion
and

possibly unconsciousness

is

the

encephalopathy [57].
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sign

and

symptoms

of

hepatic

Cirrhosis is a radical step of liver fibrosis that is complemented by disruptions of
the hepatic vasculature. It is associated with compromising of the portal and
arterial blood supply straight into the liver outflow in central veins, cooperating
interchange among the hepatic sinusoids and the nearby liver parenchyma, i.e.
hepatocytes. In cirrhosis the space of diseased tissue is occupied with scar tissue
and endothelial fenestrations are lost [58]. Histologically, cirrhosis is categorized
by vascularized fibrotic septa that bond portal tracts altogether by principal
midveins further leads to hepatocyte islands that stay encircled by fibrotic septa
[59].

Figure 1-3: Healthy liver and liver with cirrhosis (Goossens et al., 2015).

Cirrhosis is the end-stage of every single chronic liver disease. The natural
history of cirrhosis is categorized through an unrevealed signs and symptoms
phase that was labeled as compensatory cirrhosis which is trailed by a
progressive phase, in which the

unwanted effects

increases such as portal

hypertension and further leads to liver functional abnormality and called as
decompensated cirrhosis. The figure 1-4 shows a progress of acute hepatitis to
cirrhosis and finally into HCC [60]. The portal pressure can be normal or lower
from the threshold of clinically portal hypertension occurs in the compensated
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phase while the esophagus varicose might be appeared in this phase of cirrhosis
[61]. The development of portal hypertension, gastrointestinal bleeding, ascites,
jaundice and encephalopathy occurs in decompensation phase and the
progression of this phase of cirrhosis increases the development of many other
complications, which includes bleeding, renal impairment and termed as
stubborn ascites and Hepato-Renal Syndrome (HRS). The hepato-pulmonary
syndrome and sepsis also found in decompensating phase and advancement to
HCC is upsurge the progression of the disease at any stage [62] .

Figure 1-4: Clinical presentation of long lasting virus related liver abnormalities
(Goossens et al., 2015)

1.6 LIVER IS A HOMEOSTATIC ORGAN
The role of the liver is vital in body lipid which includes the storage, production,
and transportation of lipoproteins, in addition to catabolism of various lipids
comprising the excretion of phospholipids and cholesterol as well as a center of
the fatty acid formation and lipid circulation with lipoprotein production [63].
The biosynthetic pathways are used to produce cholesterol and fatty acids, as
shown in figure 1-5. The SREBP-1c genes involved in the fatty acid (FA)
biosynthetic pathway and SREBP-2 genes favors cholesterol biosynthetic
pathway including the enzymes which are involved in this process HMG -CoA
synthase, HMG-CoA reductase (rate limiting enzyme in cholesterol synthesis)
and squalene synthase. The SREBP-1c genes are involved in FA synthesis
pathway which includes enzyme ATP citrate lyase for the production of acetyl14

CoA. This acetyl-CoA is carboxylated into malonyl-CoA by the acetyl-CoA
limiting enzyme of the FA elongase complex [64]. The stearate is converted into
oleate

by

stearoyl-CoA

desaturase.

Initially,

glycerol-3-phosphate

acyltransferase is involved in the synthesis of TAG and phospholipid. Finally, 6
xxSREBP-1c and SREBP-2 activate three genes, necessary for the production of
NADPH (which is utilized at several stages in the lipid biosynthetic pathwa ys)
[65].

Figure 1-5: Cholesterol and fatty acids metabolism regulated by SREBPs genes
(Edwards et al., 2000).
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1.7 EPIDEMIOLOGY OF LIVER CIRRHOSIS
Liver cirrhosis has arisen as one of the most important causes of overall health
burden across the world, as shown in figure 1-6. Internationally, liver cirrhosis
was responsible for over one million deaths in 2010, which compares to
approximately 2% of deaths worldwide [4]. It was expected that in 2013, liver
cirrhosis results in 170,000 deaths in Europe [66].
Large cohort studies [67, 68] have shown that the occurrence of venous
abnormality as esophageal varices in patients with freshly diagnosed cirrhosis is
in the range of 5–8 % per year. The whole incidence of bleeding from esophageal
varices is nearly 5 % and encephalopathy is approximately 2–3 % per year;
however, in the non-appearance of abnormal fluid accumulation in abdominal
cavity or bleeding from esophageal lower ends of veins and jaundice along with
abnormal mental functions or encephalopathy at a low incidence approximately
in a range of 2–3 % per year. Meanwhile more or less all the time it takes places
in patients along with other severe complications of cirrhosis developed in
advance stage of a disease. Patients with cirrhosis are at high level of risk of
emerging malignancies of liver cells like Hepatocellular Carcinoma (HCC) while
70–90 % patient with chronic liver diseases or cirrhosis is proceeds in HCC [69].
The highest 5-year cumulative risks perceived in HCV cirrhosis; 30% in Japan
and 17% in the West, hemochromatosis 21%, HBV cirrhosis 15% in Asia and
10% in the West, alcoholic cirrhosis 8% and biliary cirrhosis 4% [70]. In African
and Asian countries the chronic viral hepatitis B or C are dominant and cirrhosis
is unnoticed for longer time period. According to a trustworthy approximation up
to 1% of populations may have an abnormality at the cellular level of the liver
[57]. As per the statement from a study entitled, “the global burden of cirrhosis
in 2010” shows 31 million people Debility Adjusted Life Years (DALYs) while
more than one million deceases. The 1.2% of global DALYs and 2% of all deaths
in that year worldwide [71]. The foremost reason of liver cirrhosis is viral
hepatitis and a common concern of death in Pakistan; Hepatitis B and C are the
most important reason of chronic liver diseases with a prevalence of 3 - 4% and
5 - 7% respectively in Pakistan [72].
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Figure1-6: Liver cirrhosis mortality (per 100,000) as per age for men and women in
2010 (Mokdad et al., 2014)

1.8 RISK FACTORS OF LIVER CIRRHOSIS
In present time the health practitioner around the world are keen to recognize
and prominence of regulating the risk factors responsible for liver cirrhosis,
predominantly substantial alcohol consumption and chronic viral hepatitis B and
C infections [4]. Liver cirrhosis arises after 10 to 20 years in nearly 20% of
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patients with chronic hepatitis B and C. The period of infection is the single risk
factor clearly acknowledged for the commencement of liver cirrhosis [73].
Annual rates of decompensation are 4% for HCV, 10% for HBV and the
incidence of HCC is between 2 - 7% for each year. Decompensation in alcoholic
cirrhosis with continued alcohol use is even more rapid and often accompanying
with alcoholic hepatitis on an incidental of cirrhosis. Once decompensation has
arisen the death without transplantation is very high as 85% over 5 years [57] .

1.9 AIMS AND OBJECTIVES OF STUDY
The main objectives of proposed study are:
(1) To find out the epidemiological risk factors for transmission of Hepatitis B,
C and cirrhosis patients at Hyderabad and adjoining areas.
(2) To examine the biochemical alterations in serum lipids (High-Density
Lipoprotein-Cholesterol (HDL–C), Low-Density Lipoprotein-Cholesterol LDL–
C, Very Low-Density Lipoprotein-Cholesterol (VLDL–C) total cholesterol,
Triacylglyceride (TAG), total lipid and FA composition) of Hepatitis B, C, and
cirrhosis patients
(3) To explore the biochemical markers or predictors (in lipids) for Hepatitis B,
C and cirrhosis which will help in selecting or designing suitable treatment for
those patients.
(4) To compare the lipid profile and serum fatty acid concentration of blood borne (hepatitis B, C) and cirrhosis.
(5) To determine the role of saturated and unsaturated fatty acids in the
progression of Hepatitis B, C, and cirrhosis patients.

1.10

STRUCTURE OF THESIS

This section describes the main elements of the thesis which includes
introduction, literature review, research methodology, results and discussion and
conclusion.
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CHAPTER 1 INTRODUCTION
Hepatitis is a disorder specifically considered by an inflammation of the liver.
More than 150 million individuals are already reported as chronic cases with
HBV, HCV, and these infected persons are at threat to progress liver cirrhosis
and malignancies. HBV and HCV infection is growing evermore in our country
day by day.
CHAPTER 2 LITERATURE REVIEW
The several studies indicate that main risk factors for HBV and HCV are
transfusion of blood and blood products from non-tested blood donors,
intravenous drug abuser, organ transplantation from infected donors, injectable
medicines therapy with contaminated equipment’s, inappropriate hemodialysis
procedures, occupational exposure to blood among health care professionals by
means of needle stick injuries, perinatal infection and sexual transmission. A
significant number of liver diseases in the chronic stage can proceed to cirrhosis.
The progression of cirrhosis takes place from weeks to several years which
depends on the patient response to the progression of a disease. The major causes
which are commonly responsible for cirrhosis that includes alcohol abuse,
hepatitis B and C infection.
The hepatitis B and C disturb plasma lipids through different ways. The plasma
TAG and cholesterol is reduced in chronic liver diseases due to the lower
biosynthetic capacity of lipoprotein. Hotamisligil., in 2006 has reported that FAs
plays a significant role in the pathogenesis of various diseases related to
metabolic illnesses (Diabetes, obesity, and cardiovascular disease). Miyoshi et
al., in 2011 reported that the HCV central protein has effects on FA synthesis
and increased degradation of FA to form fatty droplets in the liver are playing a
crucial role in association to the progression of HCV disease.
CHAPTER 3 RESEARCH METHODOLOGY
The fasting blood samples were collected from hepatitis B (n=50), C (n=50) and
cirrhosis patients (HBV-cirrhosis n=30 and HCV-cirrhosis n=50) along with age
and gender matched controls. After separating serum, lipid profile was analyzed
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by micro-lab 300 and fatty acids (FAs) composition was examined by gas
chromatography. Fatty acids were further confirmed by gas chromatography –
mass spectrometry technique. The epidemiological risk factors for transmission
of HBV, HCV and cirrhosis were measured through standard questionnaire
specially designed for that purpose.
CHAPTER 4 RESULTS AND DISCUSSION
The demographic factors, mainly positive family history, dental treatment, blood
transfusion and shaving from barber shop are significant contributing factors in
spread of HBV, HCV, and cirrhosis infection. Hypolipidemia in HBV and HCV
patients is possibly due to alter fatty acid metabolism during enzymatic
elongation and desaturation pathway. Lipogenesis is elevated in HCV and HBV
patients as evident from reduced serum PUFAs and elevated SFAs as well as
MUFAs levels. Hence, it proposes the importance of PUFA supplementation and
it may provide synergistic antiviral effects when given as a food supplement
during the INF based anti- HCV therapy. The lower level of lipid profile (TAG,
cholesterol, LDL – C, HDL – C, VLDL – C and total lipids) indicating
hypolipidemia in HBV-cirrhosis and HCV-cirrhosis patients specify the
nonfunctioning of liver. The increased lipogenesis (increased level of SFAs) and
reduced PUFA levels may be due to altering desaturases activities, impaired
PUFAs metabolism and non-enzymatic oxidation is associated with progression
of HBV-cirrhosis/ HCV-cirrhosis diseases in patients and promote the hepatic
lipotoxicity.
CHAPTER 5 CONCLUSION
The present study concludes that hepatitis B and C viruses alter the total
cholesterol and FA metabolic pathways. Therefore, the present study provides
the information about the changes associated with lipid metabolism and
significant upregulation, which might be used as a biomarker for hepatitis B, C
and cirrhosis diseases.
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CHAPTER 2
LITERATURE REVIEW/BACKGROUND

In this chapter we present the main published work concerning the
epidemiological risk factors and the role of lipid metabolism in HBV, HCV and
cirrhosis diseases.

2.1 EPIDEMIOLOGICAL RISK FACTORS OF HBV, HCV AND
CIRRHOSIS
Hepatitis B virus is strong enough that virus cannot be disrupted even outs ide of
core hence, it can easily transmitted by contact with diseased body fluids [26].
When viral transmission occurs through mother to child is called vertical or
perinatal transmission and if it is transmitted by diseased body fluid or secretion
come in contact with cracked or injured skin or mucosal membrane lining at
cavities of visceras like mouth, nose, vagina is called horizontal transmission
[34].
The vertical or perinatal transmission is one of the leading and commonest path
of hepatitis B transmission found all over the world. The existence of HBeAg in
the maternal serum is linked with the greater chance of infection [74]. The
infants born to HBV-positive mothers as opposed to in utero during the perinatal
period and maternal replicative status is associated with the risk [32]. The
concept of perinatal transmission has important practical application as
immediate and post-natal vaccination with both passive and active immune
prophylaxis for at-risk infants born to HBsAg-positive mothers significantly
reduces the risk of transmission. The vaccination of HBV was introduced in the
EPI Program but despite this 5-10% of infants born to HBeAg positive mothers
subsequently become HBsAg positive in follow-up [75]. In the third trimester of
pregnancy to cease the vertical transmission, an anti-viral remedy is used to
overwhelm HBV. United States recommended for all adolescents’ for
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vaccination as preventive measures include needle stick injuries, prevention
programs and early screening of blood products before transfusions [76].
In low prevalence areas with HBV horizontal transmission is common through
intravenous drug abuser injection drug use, unprotected sexual contact and
occupational exposure to blood/ blood transfusion contaminated health related
equipment’s and needles [77, 78]. Not as much frequently, tattooing and
acupuncture have also been associated in HBV spread [79]. The screening of
blood and its products has significantly reduced the HBV transmission; however,
in emerging underdeveloped countries medical instruments are reused such as
multiple dose injectable medicine vials and reuse of disposable needles, remains
as risks for infection. The dialysis equipment contamination is also a source of
transmission if isolation of infected patients and strict adherence to infection
control measures are not practiced while reflecting these lapses clusters of HBV
continue to be reported in hemodialysis units [34]. The HBV can survive in the
environment for 7 days or more can be transferred from person to person through
household contacts [80]. A contaminated agent like blood and other body
secretion can transfer the infection by coming in direct contact with cracked or
injured folds of skin and mucous membrane. Studies for Southeast Asian
migrants, migrated to neighbor countries showed that 6 to 11% of their
children’s delivered by HBsAg-negative mothers, were HBsAg-positive,
indicating the probability of transmission of infection from child to child or
household contaminated contents [34].
The several studies indicate that main risk factors for HCV are transfusion of
blood and blood products from non-tested blood donors, intravenous drug
abuser, organ transplantation from infected donors, injectable medicines therapy
with

contaminated

equipment’s,

inappropriate

hemodialysis

procedures,

occupational exposure to blood among health care professionals by means of
needle stick injuries, perinatal infection and sexual transmission [81].
Busch et al., in 2003 [82] has been reported that blood and blood products
transfusion from non-tested donors is a major type of transmission of HCV.
However, screening of blood before donation has significantly reduced the HCV
transmission through blood products. It has been estimated that, between the year
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1960 and 1991, 5 to 15% of blood product receptors were infected with HCV and
blood screening tests before transfusion reduced the risk of infection is around
0.001% per unit of blood transfused [83].
Alter., in 2002 [81] reported that after reduction in HCV transmission by blood
products transfusion, the intravenous drug use was one of the most important
cause for the transmission of HCV in the last 40 years among countries like the
United States and Australia and now being currently the main risk factor in
developed countries. The intravenous drugs abuses are blamable for nearly 70 to
80% of HCV contaminations in the last 30 years in those countries [84].
Needle sticks, accidents with percutaneous inoculation is a well-documented
HCV transmission. Seroconversion rates after a single percutaneous exposure to
known infected material are ranging from 3 to 10% [85]. The prevalence of
health care workers 0.7 to 2% was found almost equal to general population. The
HCV prevalence 0.7 to 1.7% was observed in dentists and 2 to 9.3% in surgeons
performing oral surgical procedures [86]. Shapiro et al., in 1996 [87]
investigated the orthopedic surgeons who denied the presence of non occupational risk factors. The investigation showed a prevalence of less than 1%,
the occupational exposure was a possible risk factor for the transmission of HCV
infection among such groups. Rates of vertical HCV transmission ranged from 0
to 20%, with a mean of approximately 5% in most studies [88, 89]. The vertical
transmission risk factors include increased viral load of a mother, prolonged
labor, monitoring of internal fetus and HIV-HCV coinfection [90]. The mothers
with co-infection were 3.8 times more responsible for fetal transmission of HCV
[88]. Thaler et al., in 1991 [91] reported that breastfeeding did not contribute
significantly to HCV transmission.
The risk associated with sexually transmitted HCV is not yet fully understood
[92] and that risk factor is one of the most controversial in the epidemiology of
hepatitis C among different results in different studies [93]. Magder et al., in
2005 [94] has reported that HCV transfers more easily from male to female than
female to male.
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A significant number of liver diseases in the chronic stage can proceed to
cirrhosis. The progression of cirrhosis takes place from weeks to several years
which depends on the patient response to the progression of a disease. The major
causes which are commonly responsible for cirrhosis that includes alcohol abuse,
hepatitis B and C infection [95].
The autoimmune hepatitis, inherited metabolic disorders (alpha-1-antitrypsin
deficiency, tyrosinaemia, porphyria, glycogen storage diseases and Wilson's
disease), granulomatous disease or sarcoidosis [96] primary sclerosing
inflammation of the bile ducts, obstruction of venous blood outflow in buddchiari syndrome or veno-occlusive diseases are responsible for cirrhosis [97].
Synthetic chemicals used for the treatment of certain diseases and their antigenic
nature products in the body including anti-cancer drugs (e.g methotrexate), drugs
used for irregular cardiac rhythms (e.g. Amiodarone and isoniazid) are also
contributing factors of cirrhosis. On the other hand, drugs used for congestive
heart failure or tricuspid regurgitation and some drugs including schistosomiasis,
tertiary and congenital syphilis are not commonly developing cirrhosis due to
better administration procedures and chemical nature of drugs [98].

2.2 ROLE OF LIPID METABOLISM IN DISEASES (HBV, HCV,
AND CIRRHOSIS)
Alabdulkarim et al., in 2012 [99] reported the role of functional lipids such as
omega-3 (n-3) and omega-6 (n-6) fatty acids (FA) on human health. The
phytosterols, conjugated linoleic acids and medium chain triglycerides have
many beneficial effects on human health such as in bone strength, obesity, blood
pressure, treating and managing depression and in cardiovascular diseases etc.
The ratios of polyunsaturated fatty acids (PUFA) together with n-3 and n-6
metabolites are responsible for the eicosanoids production. The supplemental use
of dietary functional lipids (n-3 & n-6 FA) having scientific evidence that
encouraging improvement in patients with beneficial health effects. The
formation and clearance of lipoproteins occur in the liver. From the diet and
peripheral tissues it receives cholesterol and FA and converts them into
lipoprotein complexes; while these complexes are released into the blood
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circulation. The liver diseases disturb plasma lipids through different ways. The
plasma TAG and cholesterol is reduced in chronic liver diseases due to the lower
biosynthetic capacity of lipoprotein [100]. Ress et al., in 2016 [101] has reported
that diseases agents interfere with the lipid metabolism by altering the liver
function, which results in gathering of lipid drops in the liver cells that may
cause in hepatic steatosis which results in defective secretion of VLDL and
alteration in the beta-oxidation. The FA synthesis pathways are also affected by
increased production of non-esterified FA, which is a major causing factor of
fatty liver patients with HBV and HCV [102]. Vere et al., in 2010 [103] reported
that chronic hepatitis B and C infection remains a significant global burden of
elevated health care costs and high morbidity and mortality due to its
complications. The interrelation between HCV, HBV and host’s lipid
metabolism is proved in many clinical types of research which are associated
with different types of metabolic disorders such as liver steatosis. Most of the
endogenous lipids and lipoprotein are produced in the liver which depends on the
function of hepatocytes, which guarantees homeostasis of lipid and lipoprotein
breakdown. The LDL–C, HDL–C, TAG and total cholesterol in plasma
significantly depends upon the serviceable reliability of the hepatic tissues. Mild
to severe liver disrupting reasons such as chronic HBV infection could probably
affect directly or indirectly on the levels of these lipid substrates in the plasma
[104]. HCV is an incomparable virus targeted towards liver cells; this virus
narrowly intermingles with host lipoprotein breakdown. The HCV particles
attack on β-lipoprotein LDL and VLDL and immunoglobulins bind them.
Complexing of the virus with VLDL or LDL may well stimulate the endocytosis
of HCV through the LDL receptor [105]. HCV-infected patient’s diagnosis and
treatment have become a clinical challenge due to an association of severe
autoimmune features. The HCV infection history in relationships of chronic
toxicity and disease advancement seems to be largely gritty by the host immune
response to virus-infected live cells [106].
Nashaat., in 2010 [107] has reported serum lipid profile of Egyptian patients
with chronic hepatitis C had lesser LDL-C, total cholesterol, and triglycerides
than healthy controls because HCV replication has analogous effects to those
patients

that

observed

with

HMG-CoA
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reductase

(HMGR)

inhibitors.

Intrahepatic cholesterol synthesis is reported to be decreased by HCV replication
due to decreased quantity of geranyl pyrophosphate by-pass, out of the
mevalonate pathway, which is necessary intermediate available for cholesterol
synthesis. The rise in LDL-C receptors and intrahepatic LDL-C might cause to
the reduced concentration of intracellular cholesterol. The augmented LDL-C
uptake may lead to decreased serum LDL-C levels in HCV infection.
Hepatic damage is caused by HBV and HCV which in turn relates to the
alterations of lipid metabolism. Chronic hepatitis B, C, and cirrhosis of the liver
have been associated with impaired lipid metabolism, reduced total cholesterol,
and HDL in case-control studies. Changes in serum lipids were frequently found
in patients with long-standing liver disease [103].
Hotamisligil., in 2006 [108] has reported that FAs plays a significant role in the
pathogenesis of various diseases related to metabolic illnesses (Diabetes, obesity,
and cardiovascular disease). Steatosis is developed in Non-Alcoholic Fatty Liver
Disease (NAFLD) mainly due to altered level of hepatic lipid, particularly a
decrease in PUFA. The gene expression in liver and skeletal muscles are
influenced by PUFA. Therefore, reduction occurs in FA synthesis and TAG
storage and fatty acid oxidation is increased. The changes in tissues and PUFA
contents moreover affect eicosanoid synthesis which might further pro mote the
inflammation and steatosis [109]. Miyoshi et al., in 2011 [102] reported that the
HCV central protein has effects on FA synthesis and increased degradation of
FA to form fatty droplets in the liver are playing a crucial role in association to
the progression of HCV disease.
Unger., in 2003 [110] has reported that Free Fatty Acids (FFAs) are important
mediators of lipotoxicity, they act as possible cellular toxins and leads to the
lipid over-accumulation. When lipids are over-accumulated in non-adipose
tissue, they may enter into non-oxidative deleterious pathways leading to cell
injury and death. Nehra et al., in 2001 [111] reported an elevated level of FFAs
in patients with NAFLD associated with the sternness of disease. The
composition of FA present in liver cells is strictly associated with FFA in the
blood circulation. Qualitative and quantitative analyses of the FFA in serum
provide an ancillary source of evidence on the synthesis of FA in the liver [112].
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FA associated with the metabolic activity of the liver are saturated fatty acids
(SFAs), such as palmitic acid and products of its conversion, Mono Unsaturated
Fatty Acids (MUFAs) and PUFAs from the n-3 and n-6 families [113].
Ristic-Medic et al., in 2013 [114] reported that in alcoholic liver cirrhosis PUFA
is essential not only because of their nutritional value but also because they are a
major component of the membrane structure. The reputation of phospholipids for
the edifice and integrity of cellular membranes proposes that many functional
conflicts in liver cirrhosis may be related to changes in phospholipids FA
configuration. It is known that the FA profile of serum phospholipids reflects the
FA composition of cell membranes. Long chain PUFA status results from the
intake, but also from the desaturation and elongation of essential FA. This
procedure requires a possible nutritional standing and normal liver function in
liver cirrhosis patients.
According to above facts, both cholesterol and FA are playing a crucial role in
the progression of hepatitis B, C, and cirrhosis. Several studies have been
conducted on dyslipidemia of hepatitis B, C, and cirrhotic patients in developed
countries, however, there is rare data available for serum lipid profiling of
hepatitis B, C and cirrhosis patients. In Pakistan, no any work is done on serum
FA profile of these patients. As there is a high occurrence of hepatitis B, C, and
cirrhosis in our country, so present research work aims to conduct and determine
the risk factors, serum lipid profile, total and free fatty acid composition in
patients with hepatitis B, C, and cirrhosis to assess if it narrates to the severity of
liver disease.

2.3 SUMMARY
The several studies indicate that main risk factors for HBV and HCV are
transfusion of blood and blood products from non-tested blood donors,
intravenous drug abuser, organ transplantation from infected donors, injectable
medicines therapy with contaminated equipment’s, inappropriate hemodialysis
procedures, occupational exposure to blood among health care professionals by
means of needle stick injuries, perinatal infection and sexual transmission. A
significant number of liver diseases in the chronic stage can proceed to cirrhosis.
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The progression of cirrhosis takes place from weeks to several years which
depends on the patient response to the progression of a disease. The major causes
which are commonly responsible for cirrhosis that includes alcohol abuse,
hepatitis B and C infection.
The hepatitis B and C disturb plasma lipids through different ways. The plasma
TAG and cholesterol is reduced in chronic liver diseases due to the lower
biosynthetic capacity of lipoprotein [100]. Hotamisligil., in 2006 has reported
that FAs plays a significant role in the pathogenesis of various diseases related to
metabolic illnesses (Diabetes, obesity, and cardiovascular disease). Miyoshi et
al., in 2011 reported that the HCV central protein has effects on FA synthesis
and increased degradation of FA to form fatty droplets in the liver are playing a
crucial role in association to the progression of HCV disease.
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CHAPTER 3
RESEARCH METHODOLOGY
This chapter contains the materials and methods which are used to determine the
risk factors (questionnaire) and serum lipid analysis i.e Micro-lab, GC with FID
and GC-MS. The blood samples were collected from the hospitals of Tand Adam
and Hyderabad, Sindh, Pakistan. The experimental work was done in the well equipped research laboratories of the Biochemistry and National Center of
Excellence in Analytical Chemistry University of Sindh, Jamshoro.

3.1 DIAGNOSIS AND INCLUSION OF HEPATITIS B
PATIENTS
The patients attended in Civil Hospital Hyderabad and Taluka hospital Tando
Adam, were subjected to ELISA and ALT test.

HBV positive patients with

elevated ALT levels were further confirmed by PCR and enrolled in the study.
Only PCR positive HBV patients were included in the study.
For the study 80, HBV patients consented; 30 patients were excluded by
fulfilling criteria for exclusion as they were suffering from hepatitis co -infection,
hypertension, diabetes, malnutrition, malabsorption, hyperthyroidism, renal
problems, malignancy and immunoglobulin disorders. The 50 patients were
enrolled in the study; the questionnaires were filled in with 50 patients and 110
controls. The blood specimens were also collected from 50 patients and 50 age
and gender matched controls.

3.2 DIAGNOSIS AND INCLUSION OF HCV PATIENTS
The patients came in Taluka hospital Tando Adam for the treatment of their
illness with symptoms of generalized weakness, loss or decrease appetite and
discomfort in the abdomen, their blood samples were subjected to ELISA and
ALT test.

HCV positive patients with elevated ALT levels were further

confirmed by PCR. Only PCR positive HCV patients were included in the study.
The HCV patients were divided into two categories (I) Randomly selected
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patients (II) Pre and post-treated patients. For comparison purpose age and sex
matched controls having negative personal history of HCV were selected.
(I) 101 patients consented; 51 enrolled patients were excluded for the reason
that they met exclusion criteria. Ultimately remaining 50 patients were enrolled
in the study and the Performa was completed from patients and 110 controls. The
blood samples were collected from 50 HCV patients and 50 controls after
matching of factors their age and gender.
(II) Pre- treated patients were those who did not receive any therapy while posttreated patients referred to those patients who treated by Ceron alpha (interferon
alpha 2b, injection 3 MIU) for six months. After that period blood samples were
collected form post-treated patients.

During the study 100 patients with

Hepatitis C virus were consented but 30 patients excluded as they had chronic
illnesses like diabetes mellitus, malnutrition, hypertension, hyperthyroidism,
renal failure, certain malignancies and immunoglobulin disorders. Furthermore,
20 patients also excluded from the study, as they did not complete the mandatory
period of six-month treatment. In last only 50 patients were completed the
treatment and have been included in the present study. The mean age of patients
were 34.1 years and 50% of them were females. All patients were responders and
completed the six-month treatment and HCV RNA becomes non-reactive
confirmed by serological tests.

3.3 DIAGNOSIS AND INCLUSION OF CIRRHOSIS (HBV AND
HCV) PATIENTS
Cirrhosis is end-stage of disease. The majority of patients are asymptomatic until
the appearance of decompensation, characterized by spontaneous bacterial
peritonitis, ascites, variceal bleeding from portal hypertension or hepatic
encephalopathy. Physical examination of cirrhosis patients was done by an
expert physician. The patients were positive for HBV/HCV cirrhosis in the
hospital, further confirmed by their test data such as; qualitative and quantitative
viral clearance assay of HCV RNA/HBV DNA determined by PCR, elevated
AST or ALT, ultrasound and biopsy reports. The cirrhosis patients positive with

30

HBV/HCV were included in the study. The cirrhosis patients were divided into
two categories (I) HBV-cirrhosis patients (II) HCV-cirrhosis patients.
(I) 55 HBV-cirrhosis patients consented; 25 patients were excluded after not full
filling the inclusion criteria. 30 patients enrolled in the study and Performa was
filled from them and 50 controls. The blood samples were collected from 30
HBV-cirrhosis patients and predetermined controlled as matched on the basis of
age and gender.
(II) Hypolipidemia is also seen in various other medical conditions like diabetes
mellitus, malnutrition, hypertension, hyperthyroidism, renal problems, certain
malignancies and immunoglobulin disorders. Therefore the patients were
excluded from the study if suffering from those or one of those diseases. 70
patients were initially consented, however, 20 of them were excluded for the
reason that they met exclusion criteria. The Performa was completed from 50
HCV-cirrhosis patients and 100 controls. Blood samples were collected from 50
HCV-cirrhosis patients and controls after matching age and gender within each
group.

3.4 ETHICAL APPROVAL
All patients were well informed in their local languages and with their full
knowledge and understanding a written consent was signed in their mother
languages, in case of illiterate patients verbal information provided to the patient
and consent was taken with thumb impressions in the presence of their
trustworthy witnesses and enrolled in the study (shown in Annexure-I.) Further
the study was also approved by ethical committee of Institute of the
Biochemistry University of Sindh, Jamshoro.

3.5 EXCLUSION CRITERIA
The diabetes mellitus, hypertension and hepatitis co-infection, malnutrition,
malabsorption, hyperthyroidism, renal failure, malignancy and immunoglobulin
disorders (selective IgA immunodeficiency, selective IgM immunodeficiency,
common variable immunodeficiency and severe combined immunodeficiency)
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patients were excluded from the study. Alcohol consumers were also excluded
from the study.

3.6 EPIDEMIOLOGICAL RISK FACTORS
Epidemiological risk factors for transmission of Hepatitis B, C and cirrhosis
disease were studied through standard questionnaires which were especially and
comprehensive purposely designed to study the risk factors (Annexure -II). The
questionnaires comprise of three major sections like 1- Individual demographic
characteristics, 2- Epidemiological risk factors (Lifestyle), 3- Nutritional Status.
The information about any blood transfusion or surgical procedure in past etc,
was also obtained from patients. Questions about the frequency of consumption
and / or usage of tea, chewable tobacco, sweet areca nuts, alcohol, coffee and
smoking were also included in the questionnaires. After following strict ethical
considerations and regulations, all sections of the questionnaire were filled in
personally by the researcher.

3.7 DESIGN OF STUDY
A case control study was performed comparing with 50 hepatitis B patients, 50
hepatitis C patients, 30 HBV-cirrhosis and 50 HCV-cirrhosis patients with equal
no of age and gender matched healthy controls.
In addition, present study is also a follow-up study in which hepatitis C patients
were followed from before start of treatment to the completion of 6 month
antiviral treatment.

3.8 COLLECTION OF BLOOD SAMPLES
The early morning 12 hours fasting blood sample was drawn from HBV, HCV
and HBV-cirrhosis, HCV-cirrhosis patients and healthy controls. ISO 17025
laboratory procedures were followed during the sampling procedures. During the
procedure, the intravenous blood from cubital vein was collected after following
full aseptic measures and extra precautionary procedures adopted during the
intervening time for the prevention of needle stick injuries hazard with the
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assistance of laboratory technician under the supervision of a pathologist. All
samples were collected in the gel tube for sample marked and coded with a
unique identification number for each sample. Collected sample in gel tubes was
transferred to the labs after maintaining adequate blood sample. Then each
sample was centrifuged at 2000 rotation per min (rpm) for 20 minutes.
Ultimately the supernatant i.e. serum was collected and stored at 4°C until
analysis (within 15 days after the serum collection).

3.9 SERUM LIPID PROFILE ANALYSIS
The chemical measurements for serum as total cholesterol, TAG, HDL–C, LDL–
C), VLDL–C and total lipids were carried out using standard enzymatic
techniques each briefly described below:
3.9.1 ANALYSIS FOR T OTAL CHOLESTEROL (TC)
The concentration of serum total cholesterol was analyzed by “CHOD-PAP”:
enzymatic photometric test [115]. The 1000µl of reagent (contain 50 mmol/l
Good’s

Buffer,

5mmol/l

Phenol,

3

KU/l

Peroxidase,

0.3

mmol/l

4-

Aminoantipyrine, 200 U/l Cholesterol estrase, and 100U/l cholesterol oxidase)
was used and mixed well with10µl of serum. The reaction solution was heated
for 5 minutes at 37 °C. Absorbance was read at 500nm, within 60 minutes
against reagent blank on micro-lab 300.
3.9.2 ANALYSIS FOR TRIACYLGLYCEROL (TAG)
The serum triacylglycerol was determined by Colorimetric enzymatic test [115].
The 10µl of serum was mixed well with 1000µl of the reaction solution (which
contained 50 mmol/l Good’s Buffer, 4 mmol/l 4-Chlorophenol, 2 mmol/l ATP,
15 mmol/l Mg2+, 0.4 KU/l Glycerokinase, 2 KU/l Peroxidase, 4 KU/l
Lipoprotein lipase, 0.5 mmol/l 4-Aminoantipyrine, and 1.5 Glycerol-3-Phosphate
Oxidase). The mixture of reaction solution was kept warm for 5 minutes at 37°C.
The sample was analyzed against reagent blank by Micro-lab 300 and absorbance
was measured at 500nm.
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3.9.3 ANALYSIS FOR HDL–C
The concentration of HDL–C was determined by “CHOD-PAP”: enzymatic
photometric test [115]. The 500µl of precipitating reagent (1.4mmol/l
phosphotungstic acid, 8.6 mmol/l magnesium chloride) was well mixed with
200µl of serum. The reaction solution was incubated for 15minutes at room
temperature and then centrifuged for 20 minutes at 2500rpm. One ml reaction
solution of total cholesterol (99 mmol/l of pH 7.5 PIPES buffer, 3.96 mmol/l
Salicylic alcohol, 0.5mmol/l 4-Aminoantipyrine, 1000U/l peroxidase, 100U/l
cholesterol oxidase and 100U/l cholesterol estrase) was mixed well with 0.1ml of
clear supernatant and incubated for 5 minutes at 37 °C. The absorbance of the
sample was measured against reagent blank at 500nm.
3.9.4 ANALYSIS FOR LDL–C
The LDL–C was also measured by the “CHOD-PAP” method same as for HDLC except for one change. 1ml of another precipitating agent (0.68 g/l heparin
corresponding to 100IU/l, 64mmol/l sodium citrate, stabilizer) was mixed with
100µl serum. The LDL–C concentrations were obtained by deducting cholesterol
in supernatant from total cholesterol concentrations.
3.9.5 ANALYSIS FOR VLDL–C
The Friedewald equation was used to calculate VLDL–C levels in a lipoprotein
estimation test. In this method, total cholesterol, triglycerides, HDL–C and
LDL–C are directly assessed by using reagents. The formula for VLDL–C
calculation was published by Friedewald [116].
VLDL–C = TAG/5
3.9.6 ANALYSIS FOR T OTAL LIPIDS
Total lipids contents were analyzed by Zollner and Kirch method [117]. The
0.05ml serum was mixed with 2 ml concentrated sulphuric acid (95 – 97%) and
heated for ten minutes in a boiling water bath and cooled in chilled water for 5
minutes. From the mixture, 0.1ml was pipetted in other tube and mixed well with

34

phosphoric acid-vanillin reagent (1.19mol/l phosphoric acid, 8mmol/l vanillin).
The absorbance of the sample was measured at 530nm against the blank (0.1ml
H2SO4 mixed with 2ml of color reagent) after 40 – 50 minutes.

3.10 SAMPLE PREPARATION FOR FATTY ACIDS
The total and free fatty acids samples were prepared by Liebich et al., [118]
method with slight modification.
3.10.1 S AMPLE PREPARATION FOR T OTAL FATTY ACID (TFA) ANALYSIS
TFA was extracted from 200 µl serum by adding 4ml methanol/toluene (4:1, v/v)
and 400 µl acetyl chloride. The solution mixture was reacted at 100 ᵒC for 60
minutes in screw-cap vials on the heating/stirring unit, then solution mixture was
neutralized by shaking with 5ml of 6% aqueous potassium carbonate. Then 2ml
of toluene was added and after well mixing the sample was centrifuged at
2000rpm for 10 minutes.

The toluene phases with the FA methyl esters

(FAMEs) were subjected to gas chromatographic (GC) analysis [118].
3.10.2 S AMPLE PREPARATION FOR FFAS ANALYSIS
The FFA were methylated and isolated from 200 µl serum by adding 5ml
methanol and 200 µl acetyl chloride. The mixtures were reacted at 40 ᵒC for 45
minutes in screw-cap vials on the heating/stirring unit and were then neutralized
by shaking with 3ml of 6% aqueous potassium carbonate. Following the addition
of 2ml hexane with subsequent mixing the sample was centrifuged at 2000rpm
for 10 minutes. The supernatant collected was analyzed by GC analysis [118].
3.10.3 GAS

CHROMATOGRAPHIC ANALYSIS OF THE TOTAL AND FREE FATTY

ACIDS

Fatty acid composition was analyzed by Perkin Elmer Gas chromatograph 8700
(Buckinghamshire, England) fitted with non-bonded biscynopropylsiloxane
stationary-phase, polar capillary column Rt-2560 (100 m × 0.25 mm) 0.2 μm
film thickness (Supelco, PA, USA) and a FID. Oxygen-free nitrogen was used as
a carrier gas at a flow rate of 3.5 mL/min. The initial oven temperature was 120
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°C at the rate of 4 minutes which was raised to 220 °C held for 20 minutes. The
injector and detector temperature were set at 260 °C and 270 °C, respectively. A
sample volume of 2.0 µl was injected.

1, Caprylic acid; 2, capric acid; 3, lauric acid; 4, myristic acid; 5, myristoleic acid; 6,
pentadecanoic acid; 7, palmitic acid; 8, palmitoleic acid; 9, stearic acid; 10, oleic acid;
11, linoleic acid; 12, arachidic acid; 13, α-linolenic acid; 14, eicosatrienoic acid; 15,
docosenoic acid; 16, arachidonic acid; 17, eicosapentaenoic; 18, docosapentaenoic
acid; 19, docosahexaenoic acid; 20, lignoceric acid; 21, nervonic acid.
Figure 3-1: Chromatogram of fatty acids standards.

Peaks were identified by authentic standards supplied by Fluka Chemika (Buchs,
Switzerland). The Fatty acid standards were Caprylic acid (C-8: 0), Capric acid
(C-10:0), Lauric acid (C-12:0), myristic acid (C-14:0), myristoleic acid (C-14:1),
palmitic acid (C-16:0), palmitoleic acid (C-16:1w9), α-linolenic acid (C18:3w3), stearic acid (C-18:0), linoleic acid (C-18:2w6), oleic acid (C-18:1),
eicosapentaenoic acid (C-20:5w3), arachidonic acid (C-20:4w6) arachidic acid
(C-20:0), Docosapentaenoic acid (C - 22 : 5), docosahexaenoic acid (C-22:6w3),
docosenoic acid (C-22:1), nervonic acid (C-24:1), eicosatrienoic acid ( C-20:3).
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The FA composition was reported as a relative percentage of the total peak area.
The standard chromatogram of fatty acids is shown in figure 3-1. For the further
confirmation gas chromatographic-mass spectrometric (GC-MS) analysis was
also used.
3.10.4 GAS CHROMATOGRAPHY –MASS S PECTROMETRY (GC-MS) ANALYSIS

OF

THE TOTAL AND FREE FATTY ACIDS

Fatty acid methyl esters of total and free fatty acids were analyzed by gas
chromatography (Agilent 6890) fitted out with a mass selective detector (Agilent
MS-5975) and HP-5 capillary column (30 m × 0.25 mm × 0.25 µm). Helium gas
was used as a mobile phase with flow rate 0.8 ml/min. The initial oven
temperature was 130°C at rate of 5 minutes which was raised to 180 °C at the
rate of 3 minutes raised as 220 °C held for 10 minutes. To operate the mass
spectrometer electron impact ionization mode at 70 eV was used. The injector
and detector temperature were set at 240 °C and 260 °C, respectively. A sample
volume of 2.0 µl was injected. To determine the fatty acid composition mass
spectra were compared with available libraries (NIST & Wily) which supplied
sufficient information for interpretation.

3.11 STATISTICAL ANALYSIS
The FAs and lipid profile (HDL, LDL, TAG, VLDL, Cholesterol and total lipid)
values were expressed as mean ± SD. For the comparison between the groups
(patients vs. controls) student’s t-test was used as appropriate and the association
among three groups ANOVA was used with SPSS version 15 (SPSS Inc.
Chicago, IL). The p value <0.05, 0.01 and 0.001 was considered statistically
significant. Conditional logistic-regression analysis was performed using the
SAS statistical software (version 9.1; SAS Institute, Inc., Cary, North Carolina).
Odds ratios and 95% confidence intervals (CI) were calculated to estimate the
risk factor for quartiles as well as for continuous variables. Tests for trend were
performed by using the means within each category in the logistic-regression
model. Quartile cut points were determined by the distribution of the fatty-acid
levels among the referents, and the lowest quartile was used as the reference
category.
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CHAPTER 4
RESULTS AND DISSCUSSION
In this chapter we present the details of research and investigations carried out
for the hepatitis B, C, and cirrhosis patients, which have been analyzed by a
verity of approaches. Here we also describe the risk factors and quantitative
levels lipid profile and fatty acid composition. In the previous chapter, we have
explained the experimental conditions and materials as well as different
procedures regarding the analysis of serum lipid profile and fatty acid
composition.

4.1 HEPATITIS B
Hepatitis B is a substantial health concern disturbing people all around
the world. Pakistan has high dominance of HBV infection in all provinces;
approximately 9 million people are infected with HBV. Moreover, HBV
infection is growing in our country day by day [23]. Chronic HBV infection is
directly affecting the functional capability of liver cells [104]. The liver is an
essential regulating organ plays a critical role by modulating exogenous and
endogenous lipid metabolism. The circulating levels of those metabolites in
plasma depend upon the functional capability of liver cells and tissues. An
analysis of fatty acids in serum provides a direct evidence of the fatty acids
synthesis in the liver [112]. This information proposes that a relationship
between metabolic alterations and HBV infection. Hence, the present study was
undertaken to explore the changes and metabolic derangement in lipid
metabolism of total lipid, cholesterol, triglycerides, HDL–C, LDL–C, VLDL–C,
total and free fatty acids as reflected in the circulation of HBV patients to
compare this with that of healthy controls. This study also provides a useful
source of information about the major possibilities accompanying with HBV
infection to aware the Pakistani population.
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4.1.1 E PIDEMIOLOGICAL RISK FACTORS OF HEPATITIS B PATIENTS
The mean ± SD age of cases (30.7±10.6) and controls 30.7±10.6 (Range=14 to
60 years). Among the cases 53% are male. 73% cases were married and 20%
patients got no education at all. The HBV positive family history was
significantly positively (p= 0.0001) associated with HBV disease (Table 4-1).
Family members may be at risk of HBV if their family members like father,
mother, brother, sister, husband, wife and cousins are found infected. The stress,
joint pain, and shaving at barber shop were found significant risk factors
(p<0.01) contributing to the spread HBV of infection (Table 4-2).
Table 4-1: Demographic characteristics of Hepatitis B patients and controls.

Variables
Education
No education
Primary
Matric
Intermediate
Graduation and above
Marital status
Married
Unmarried
Family history
Positive
Negative

Cases
(n=50)

Controls
(n=110)

Odds
ratio

95%Confidence p value
intervals

16
10
11
7
6

24
20
22
25
19

2.11
1.58
1.58
0.89
1.00

0.613 – 7.500
0.416 – 6.161
0.428 – 5.993
0.217 – 3.634
(Reference)

0.291
0.645
0.629
1.000

32
18

79
31

0.70
1.00

0.323 – 1.510
(Reference)

0.418

38
12

28
82

9.27
1.00

4.002 – 21.875
(Reference)

0.0001

Blood borne viral hepatitis is on the rise in Pakistan and a large proportion of
viral hepatitis disease patients are infected with HBV. Patients with an unknown
route of viral hepatitis transmission suggested another mode of transmission
possibilities. The different infection precaution methods and awareness program
to reduce the number of new infection of HBV is needed. This case-control study
shows the demographic risk factors association with HBV.
The strong relationship is seen for many factors, such as family history, dental
treatment, transfusion and shave from the barber shop and smoking is positively
associated with HBV.
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Table 4-2: Epidemiological risk factors of HBV patients and controls.

Variables
Unani / Homeopathic
treatment
Yes
No
Self-medication
yes
No
Dental treatment
Yes
No
History of any Surgery
Positive
Negative
Blood transfusion
Yes
No
Shaving
Barber shop
Both self and shop
Self
piercing (Nose, ear)
Yes
No
Smoking
No smoking
Addiction
Areca nut
Betel leaf with areca nut and
tobacco/Gutka
No addiction

Cases
(n=50)

Controls
(n=110)

Odds
ratio

95%Confidene
intervals

p
value

23
27

47
63

1.14
1.00

0.552 – 2.361
(Reference)

0.830

15
35

29
81

1.19
1.00

0.535 – 2.664
(Reference)

0.774

32
18

45
65

2.57
1.00

1.219 – 5.444
(Reference)

0.011

19
31

28
82

1.79
1.00

0.827 – 3.895
(Reference)

0.153

18
32
(n=27)
12
6
9

22
88
(n=66)
10
13
43

2.25
1.00

1.004 – 5.049
(Reference)

0.048

5.73
2.25
1.00

1.673 – 20.292
0.563 – 8.601
(Reference)

0.001
0.300

20
30
30
20

44
66
40
70

1.00
1.00
2.62
1.00

0.478 – 2.089
(Reference)
1.252 – 5.533
(Reference)

1.000

10
15

18
20

1.30
1.76

0.474 – 3.565
0.710 – 4.375

0.739
0.259

25

62

1.00

(Reference)

0.009

The concern of viral hepatitis infection in dentistry is a serious problem as dental
treatment usually considers to be the transmission of viral hepatitis; from patient
to patient or dentist to patient by the infected instruments with hepatitis B virus.
This threat can be overcome by stopping unqualified dentists from working at.
Although achieving this aim is too difficult thus health policy makers should
encourage qualified dental practitioners to participate in infection control
programs, so that they can be well educated about the importance of safe and
good hygienic dental procedures [119]. Shave from barber shop is an important
risk factor for HBV transmission. Unhygienic working conditions and poor
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antiseptic measures for tools and reuse of infected blades are the key factors
responsible for the spread of HBV at barber shops. The present study revealed
the dental procedures and shaving from barber shop as significant risk factors at
p<0.05 but not at p<0.01 level of significance.
Ali et al., in 2009 [49] also reported that it is evident that unclean razors are
highly contributing factors to the transmission of HBV. Blood transfusion is a
risk factor for the transmission of HBV at 0.05 level of significance in the
present study. It was found that due to blood transfusion in multi-transfused
populations the higher rates of HBV and HCV infections were present. Ahmed.,
in 2001 [120] interestingly highlights a high frequency of HBV infection in
professional blood donors as compared to voluntary blood donors in Pakistan.
We also found smoking as a major risk factor (p<0.009) for HBV disease. It is in
agreement with Jee et al., in 2004 [121] who reported that smoking with hepatitis
B is a risk for HCC. In Korea, relatively high rates of the major known ris k
factor for HCC mortality HBsAg seropositivity was the cigarette smoking.
Table 4-3: Dietary habits of HBV patients and controls.

Cases

Controls

Variables
(n=50) Percentage
Frequent consumption
Vegetables
Meat
Pluses
Type of oil used
Branded cooking oil
Non branded oil
Vanaspati Ghee
Rapeseed oil
Type of tea
Tea with more milk
Light
Strong
Tea intake per day
2 cups/ day
3 cups/ day
More than 3 cups/ day

(n=110)

Percentage

20
14
16

40
28
32

40
34
36

36
31
33

8
10
12
20

16
20
24
40

54
16
19
21

49
14
38
19

23
12
15

46
24
30

37
32
41

33
29
37

28
12
10

56
24
20

58
34
18

52
30
16
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In the questionnaire the patients were also enquired about their dietary intake under
the questions like their routine and frequent type of diet, the cooking method along
with the use of cooking oil and quantity with type of the tea consumed which is
compiled in table 4.3. According to their reports dietary components routinely
consumed were vegetables (40%), meat (14%) and beans (16%). The food was
cooked in the different types of oil such as branded cooking oil (16%), non-branded
oil (20%), Vanaspati ghee (24%), and rapeseed oil (40%). We found the majority of
HBV patients consumed rapeseed oil as compared to controls which are shown to be
the major risk factor for other diseases well [122]. The majority of the patients (46%)
and controls (58%) were consuming 2 cups tea daily with the addition of more milk
(46%) (Table 4-3).
4.1.2 SERUM

LIPIDS AS AN INDICATOR FOR THE ALTERATION OF LIVER

FUNCTION IN PATIENTS WITH HEPATITIS

B

The HBV patients have significantly lower serum level (p<0.001) of lipid profile
including total cholesterol, VLDL–C, LDL–C, HDL–C, triglycerides and total
lipid in comparison to controls (Table 4-4).
Table 4-4: Comparison of serum lipid profile of Hepatitis B patients with
controls.
Controls (n=50)

Patients (n=50)

(mg/dl)

(mg/dl)

152.40±20.3

113.17±17.1*

VLDL– C

23.50±5.4

19.87±3.6*

LDL– C

96.80±15.4

87.10±23.5*

HDL– C

46.73±4.9

34.27±9.8*

TAG

117.5±27.0

99.37±17.9*

Total Lipid

563.43±50.9

478.03±59.1*

Lipid profile

Total cholesterol

Values are mean ± standard deviation*Different from Hepatitis B patients with
healthy controls, p<0.001 (t- test).
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HBV cells interact with cholesterol molecules for involving and spreading of
infection in the target cells, although binding to the cell surface remains
unaffected, which suggested that cholesterol within the viral envelope is required
for the later step in viral fusion [123]. The lipids have been considered to play an
important role in the host immune response mechanism to infections [124].
Lipoproteins can bind a variety of viruses and reduces their toxic effects [125].
Decreased levels of total cholesterol and HDL–C in patients with asymptomatic
chronic HBV infection may reduce their antiviral response. In patients with
chronic hepatitis B, a high viral load is usually associated with active disease and
histological progression in the long run [126]. The detailed mechanism
responsible for the HDL–C reducing the effect of chronic HBV infection remains
to be clear. An enzyme involved in the biotransformation of HDL, LecithinCholesterol Acyl Transferase (LCAT), was reported to be reduced in patients
with advanced chronic liver disease or cirrhosis, probably with the reason of
impaired hepatic synthesis [127]. This reduction may also decrease HDL–C and
total cholesterol in the case of mild hepatic damage that is not reflected. Chronic
HBV infection was associated with metabolic syndrome that possibly enhances
the risk of fibrosis progression in liver cirrhosis and responsible for the
development of HCC [128].
The age wise comparison of hepatitis B was not statistically significant among
all age groups except LDL-C which is significantly increased as age was
increasing (Table 4-5). Auley et al., in 2012 [129] has reported a whole-body
computational model and investigated that an increase in the rate of cholesterol
absorption and a reduction in the rate of removal of LDL-C from the plasma and
discussed that the cholesterol metabolism dysregulation with age and significant
increase in LDL-C level was due to variations in the elimination rate of plasma
LDL-C and alterations in hepatic LDL receptors.
Lipid profile contents were comparable in hepatitis B male and females; except
VLDL-C and triacylglycerol which was lower in females but did not reach a
significant level (p=0.076) in hepatitis B patients (Table 4-6). Similarly, Draznin
et al., in 2013 [130] has reported that VLDL-C was higher in males as compared
to female; in addition, author has observed that VLDL-C and triacylglyceride
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were higher in the female in their childhood however after puberty the levels
were decreased.
Table 4-5: Age wise comparison of lipid profile for Hepatitis B patients.

Age groups (Years)
17 – 30

31 - 45

46 Above

p

(n=22)

(n=18)

(n=10)

value

(mg/dl)

(mg/dl)

(mg/dl)

Total cholesterol

111.05± 19.4

119.30± 12.1

101.50± 1.7

0.297

TAG

99.28± 19.6

101.10± 16.5

91.50± 12.0

0.798

HDL-C

33.05± 9.3

36.60± 11.5

33.5± 6.4

0.667

LDL-C

78.94± 20.9

94.40± 16.2

124.00± 42.4

0.012

VLDL-C

19.85± 3.9

20.22± 3.3

18.3± 2.4

0.798

466.94± 62.2

497.40± 54.4

481.00± 53.7

0.439

Lipid profile

Total Lipid

Table 4-6: Gender wise comparison of lipid profile for Hepatitis B patients.
Gender
Lipid profile

p value

Male (n=27)

Female (n=23)

(mg/dl)

(mg/dl)

Total cholesterol

115.06± 17.4

111.00± 17.1

0.262

TAG

103.75± 18.0

94.36± 17.0

0.076

HDL-C

34.19± 10.2

34.36± 9.6

0.481

LDL-C

89.56± 25.9

84.29± 21.0

0.271

VLDL-C

20.75± 3.6

18.87± 3.4

0.076

485.87± 60.1

469.07± 58.8

0.223

Total Lipid

The results of HBV patients for serum TFA composition in comparison to controls
revealed that myristic, palmitic, stearic, Lignoceric, palmitoleic, oleic, docosenoic,
docosahexaenoic acids were higher in HBV patients and significant difference was
observed in myristic, palmitic, eicosapentaenoic acids. The linoleic, eicosatrienoic,
arachidonic, eicosapentaenoic acids were significantly lower (p<0.05) in HBV
44

patients in comparison to control subjects which were evident from figure 4-1and 4-2.
The α-linolenic was decreased but not significant. The oleic: Stearic acid ratios, which
are considered as an icon for Stearoyl-CoA Desaturase (SCD = ∆9-desaturase)
activity was found higher in HBV patients, While PUFA: SFA ratio is reduced in
HBV patients as compared to healthy subjects (Table 4-7).
It has been identified in the current study, that the FA metabolic features are
associated with HBV infection. The palmitic acid in HBV patients is found
significantly elevated and reduced stearic acid which may be due to impaired FA
molecular structure elongation. This theory was explained by moon et al., in 2001
[64] after experimental studies on rodents, it is estimated that 90% of the
endogenously synthesized stearate occurs through the elongation of palmitate in the
endoplasmic reticulum and not through cytosolic fatty acids. The data presented
suggest that Long Chain fatty acyl Elongase (LCE) is a member of the elusive
elongation system present in the endoplasmic reticulum of mammals that is likely
responsible for elongation of palmitic acid to stearic acid in vivo.
The low level of stearic acid while increase in oleic acid and higher oleic to stearic
acid ratios in HBV patients has shown decreased levels of downstream metabolites
arachidic acids; similar results are also reported in non-alcoholic steatohepatitis due to
decreased activity of elongase and increased activity of Δ-9 SCD [131]. Zhang et al.,
in 2015 [132] reported that SFAs served as a potential ligand for TLR4 and activated
TLR4 signaling pathway, which might be involved in the pathogenesis. Thus, SFAs
can accelerate the mechanism of inhibiting HBV replication in CHB with NAFLD.
The PUFA levels are reduced in HBV patients includes linoleic, α- linolenic,
eicosatrienoic, arachidonic, eicosapentaenoic acids furthermore responsible for the
decrease in the total PUFA contents and PUFA to SFA ratio in HBV patients. The
similar results were reported by Ristic-Medi et al., in 2013 [114] in alcoholic liver
cirrhosis patients, as low levels of PUFA was found which in turn due to changes of
Δ-5, Δ-6 and Δ-9 desaturase activity due to chronic alcohol consumption and
hepatocellular insufficiency which lead to an increased degradation of PUFA due to
lipid peroxidation.
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Table 4-7: Comparison of serum total fatty acids composition in Hepatitis B
patients and controls.
Controls

Patients

(n=50)

(n=50)

(g/100g)

(g/100g)

C – 14:0

1.11±0.8

2.04±0.6*

C - 16 : 0

21.67±5.8

27.95±3.3*

C - 18 : 0

14.27±4.9

13.27±5.5

C - 20 : 0

0.56±0.9

0.43±0.3

C – 24 : 0

0.08±0.2

0.10±0.2

C - 14 : 1

0.44±0.8

0.46±0.3

C - 16 : 1

2.96±2.0

3.55±0.8

C - 18 : 1

20.28±4.4

21.64±4.0

C - 22 : 1

1.74±1.3

1.92±0.6

C – 24 : 1

0.24±0.6

0.09±0.2

C - 18 : 2

26.49±5.0

21.48±3.4*

C - 18 : 3

0.90±1.2

0.31±0.3

C - 20 : 3

0.90±1.3

0.22±0.3*

C - 20 : 4

6.25±1.9

4.12±0.9*

C - 20 : 5

1.13±1.4

0.13±0.2*

C - 22 : 5

0.45±0.3

0.79±0.5*

C - 22 : 6

0.50±0.4

0.41±0.4

C - 18 : 1: C - 18 : 0

1.4

1.6

PUFA :SFA

1.0

0.6

Fatty acids

Values are mean ± standard deviation,*shows significant difference from
Hepatitis B patients with comparison of healthy controls a p<0.05 (t- test). Not
detected (ND), myristic acid (C14:0), myristoleic acid (C14:1), palmitic acid
(C16:0), palmitoleic acid (C16:1), stearic acid (C18:0), oleic acid (C18:1),
linoleic acid (C18:2), α-linolenic acid (C18:3), arachidic acid (C20:0),
eicosatrienoic acid (C-20:3), arachidonic acid (C20:4), eicosapentaenoic acid
(C20:5), docosenoic acid (C22:1), docosahexaenoic acid (C22:6), nervonic
acid(C24:1).
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1, myristic acid; 2, myristoleic acid; 3, palmitic acid; 4, palmitoleic acid; 5, stearic
acid; 6, oleic acid; 7, linoleic acid; 8, arachidic acid; 9, α-linolenic acid; 10,
eicosatrienoic acid; 11, docosenoic acid; 12, arachidonic acid; 13, eicosapentaenoic;
14, docosapentaenoic acid; 15, docosahexaenoic acid; 16, lignoceric acid; 17,
nervonic acid.
Figure 4-1: Chromatogram of serum total fatty acids in HBV Patient’s.

In the HBV patient’s serum, docosapentaenoic acid was elevated with downstream
metabolite docosahexaenoic acid. The decline in docosahexaenoic acid is potentially
important because docosahexaenoic acid is formed in peroxisomes from
docosapentaenoic. The increase in docosapentaenoic acid along with declines in
docosahexaenoic acid proposes the impaired peroxisomal PUFA metabolism [133].
These results provide motivation to forthcoming studies for the role of peroxisomal
dysfunction in the pathogenesis of HBV patients.
Fatty acid methyl esters in hepatitis patient’s serum were further identified using mass
spectrometry in the total mass scan. Table 4-8 shows the molecular ion peak and
characteristic ion peaks for all seventeen FA’s identified in serum. Further
confirmation of peaks was done by matching the mass spectrum with the standard
mass spectrum from NIST and Wiley library.
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1, myristic acid; 2, myristoleic acid; 3, palmitic acid; 4, palmitoleic acid; 5, stearic
acid; 6, oleic acid; 7, linoleic acid; 8, arachidic acid; 9, α-linolenic acid; 10,
eicosatrienoic acid; 11, docosenoic acid; 12, arachidonic acid; 13, eicosapentaenoic;
14, docosapentaenoic acid; 15, docosahexaenoic acid; 16, lignoceric acid; 17,
nervonic acid.
Figure 4-2: Chromatogram of serum total fatty acids in controls.

Mass spectrum of two fatty acid methyl esters (FAMEs) which were abundantly
present in serum samples includes palmitic and oleic acids which are presented in
figure 4-3 and 4-4. The molecular ion at m/z = 270 is evidently seen for palmitic acid
methyl ester (figure. 4-3). An ion at m/z = 227 ([M-43]+) characterizes loss of a C3
unit (carbons 2 to 4), by a complex rearrangement, while that at m/z = 74 is the
McLafferty rearrangement ion.
In figure 4-4 oleic acid (C- 18:1) mass spectrum shows the fragment m/z 296 and ions
which represent the loss of the elements of methanol (m/z = 264 or [M-32]+), i.e. a
methoxyl group plus a hydrogen atom, and the loss of the McLafferty ion (m/z = 222)
are abundant. A distinctive ion at [M-116]+ (m/z = 180 in this instance), along with
homologous ions at 166, 152, etc., are also diagnostic. The first of these ions is
formed by loss of a fragment containing the carboxyl group by cleavage between
carbons 5 and 6 with the addition of a rearranged hydrogen atom. Thus, in contrast to
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the spectra of methyl esters of saturated fatty acids, hydrocarbon ions (general
formula [CnH2n-1]+) dominate the spectrum, with m/z = 55 as the base peak usually.
Table 4-8: GC-MS Parameters for the characterization of molecular ion peak
and characteristics ion peaks of FAMEs Prepared from HBV patients Serum.
Fatty acids
C – 14:0

Molecular ion
peak (m/z)
242

Characteristics ion peaks
(m/z)
213, 185, 115

C - 16 : 0

270

241, 239, 227, 213, 199, 185

C - 18 : 0

298

255,199,227, 199,171, 143

C - 20 : 0

326

383,311

C – 24 : 0

383

283, 130, 111, 101, 88, 84

C - 14 : 1

240

190, 166, 161, 152, 141, 135

C - 16 : 1

268

265, 264, 222, 181, 180, 165, 151

C - 18 : 1

296

264, 235, 222, 207, 194, 180,166

C - 22 : 1

352

321, 278, 239, 236, 225

C – 24 : 1

380

331, 208

C - 18 : 2

294

263, 220, 207, 178, 164,

C - 18 : 3

292

264, 222, 299, 180, 135

C - 20 : 3

320

289, 249, 222, 177, 150, 135, 107, 93

C - 20 : 4

318

269, 264, 247, 217, 203, 190, 180,150

C - 20 : 5

316

287, 273, 247,215, 201, 180,108

C - 22 : 5

344

315, 275, 208,175, 133, 119, 108

C - 22 : 6

342

313, 241, 201, 166, 131, 108

Myristic acid (C14:0), myristoleic acid (C14:1), palmitic acid (C16:0), palmitoleic
acid (C16:1), stearic acid (C18:0), oleic acid (C18:1), linoleic acid (C18:2), αlinolenic acid (C18:3), arachidic acid (C20:0), eicosatrienoic acid (C-20:3),
arachidonic acid (C20:4), eicosapentaenoic acid (C20:5), docosenoic acid (C22:1),
docosahexaenoic acid (C22:6), nervonic acid(C24:1).
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.

Figure 4-3: Mass spectrum of serum palmitic acid.

Figure 4-4: Mass spectrum of serum oleic acid.
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Table 4-9: Comparison of serum free fatty acids of Hepatitis B patients and
controls.
Controls

Patients

(n=50)

(n=50)

(g/100g)

(g/100g)

C – 14:0

1.39±0.6

1.61±0.6

C - 16 : 0

21.91±4.3

28.70±4.5*

C - 18 : 0

13.33±5.9

18.60±6.4*

C - 20 : 0

0.44±0.8

0.08±0.2*

C – 24 : 0

0.13±0.4

0.12±0.2

C - 14 : 1

0.19±0.3

0.65±0.3*

C - 16 : 1

2.80±1.2

3.39±0.3

C - 18 : 1

21.60±4.5

21.52±3.7

C - 22 : 1

1.75±1.2

1.37±0.8

C – 24 : 1

0.11±0.1

0.11±0.3

C - 18 : 2

28.71±5.1

19.50±3.4*

C - 18 : 3

0.60±1.0

0.08±0.2*

C - 20 : 3

0.55±0.8

0.02±0.05*

C - 20 : 4

5.67±2.1

3.04±1.1*

C - 20 : 5

0.81±1.3

0.03±0.1*

C - 22 : 5

0.22±0.2

0.05±0.1*

C - 22 : 6

0.18±0.2

0.63±0.8*

Fatty acids

Values are mean ± standard deviation,*shows significant difference from
Hepatitis B patients with comparison of healthy controls a p<0.05 (t-test). Not
detected (ND), myristic acid (C14:0), myristoleic acid (C14:1), palmitic acid
(C16:0), palmitoleic acid (C16:1), stearic acid (C18:0), oleic acid (C18:1),
linoleic acid (C18:2), α-linolenic acid (C18:3), arachidic acid (C20:0),
eicosatrienoic acid (C-20:3), arachidonic acid (C20:4), eicosapentaenoic acid
(C20:5), docosenoic acid (C22:1), docosahexaenoic acid (C22:6), nervonic
acid(C24:1).
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The serum FFA profile of HBV patient’s showed significantly elevated (p<0.05)
level of palmitic and stearic acid. The arachidic, nervonic, linoleic acid, αlinolenic, eicosatrienoic, arachidonic, eicosapentaenoic and docosapentaenoic
acids were significantly lower (<0.05) in HBV patients in comparison to controls
which was evident in figure 4-5, 4-6 and table 4-9.

1, myristic acid; 2, myristoleic acid; 3, palmitic acid; 4, palmitoleic acid; 5, stearic
acid; 6, oleic acid; 7, linoleic acid; 8, arachidic acid; 9, α-linolenic acid; 10,
eicosatrienoic acid; 11, docosenoic acid; 12, arachidonic acid; 13, eicosapentaenoic;
14, docosapentaenoic acid; 15, docosahexaenoic acid; 16, lignoceric acid; 17,
nervonic acid.
Figure 4-5: Chromatogram of serum free fatty acids in HBV patients.

The palmitic and stearic acid in free form is significantly higher in HBV
patients. The FFA contain lipotoxic properties reported in literature [134, 135].
The saturated FFAs, palmitic acid, and stearic acid, more cytotoxic than
monounsaturated FFAs. The foundation of reactive oxygen species through
another lipid metabolic pathways, such as modulation of death receptor
expression, ceramide synthesis and direct activation of cellular proapoptotic
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machinery are putative mechanisms by which lipoapoptosis is thought to occur
[136] which promote the hepatic lipotoxicity in HBV patients.
The eicosapentaenoic and docosahexaenoic acid is reduced in HBV patients. The
fatty acids contain immunomodulating activities is also reported in the literature
[133, 134].

1, myristic acid; 2, myristoleic acid; 3, palmitic acid; 4, palmitoleic acid; 5, stearic
acid; 6, oleic acid; 7, linoleic acid; 8, arachidic acid; 9, α-linolenic acid; 10,
eicosatrienoic acid; 11, docosenoic acid; 12, arachidonic acid; 13, eicosapentaenoic;
14, docosapentaenoic acid; 15, docosahexaenoic acid; 16, lignoceric acid; 17,
nervonic acid.
Figure 4-6: Chromatogram of serum free fatty acids in controls.

The total and free form of serum SFA and MUFA was increased significantly
(p<0.05) in HBV patients compared with normal controls and PUFA (n – 3 and n
– 6) contents were significantly decreased (p<0.05) in HBV patients in
comparison to controls (figure 4-7 and 4-8).
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Figure 4-7: Comparison of SFA, MUFA, PUFA including n-3 and n-6 total fatty acids
composition of controls and HBV patients.

Figure 4-8: Comparison of SFA, MUFA, PUFA including n-3 and n-6 free fatty acids
composition of controls and HBV patients.
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The n-3 fatty acids contain the most effective immunomodulatory activities, and
eicosapentaenoic and docosahexaenoic acid are highly biologically active than αlinolenic

acid

[135].

The

impaired

immunity

and

deficiency

of

immunomodulating nutrients reactivity may be linked with hepatitis B antigen. It
is possible that management of n-3 fatty acid decrease infection frequency and
increase recovery of liver function in Hepatitis B patients suffering from HBV.
Table 4-10: Odd ratios for HBV patients and controls according to quartiles of
serum fatty acids.
Odds ratio (95% confidence interval)
Fatty
acids

1st Quartile 2nd Quartile 3rd Quartile
Reference

4th Quartile

p
5th Quartile

value

C – 14:0

1.00

1.7 (0.1-21.3)

3.3 (0.4-29.0)

3.1 (0.4-25.2)

4.7 (0.2-212.2)

<0.01

C - 16 : 0

1.00

1.4 (0.2-9.6)

1.7 (0.2-12.3)

1.7 (0.2-14.6)

3.2 (0.1-121.0)

<0.01

C - 18 : 0

1.00

1.4 (0.2-10.9)

1.2 (0.1-13.7)

1.1 (0.2-6.6)

2.4 (0.1-93.9)

0.26

C - 20 : 0

1.00

1.7 (0.1-24.2)

2.1 (0.4-11.4)

2.2 (0.3-19.8)

3.3 (0.2-118.8)

0.29

C - 16 : 1

1.00

3.0 (0.2-96.4)

3.4 (0.2-103)

3.0 (0.03-904)

3.6 (0.2-125.9)

0.11

C - 18 : 1

1.00

1.2 (0.1-16.3)

1.9 (0.2-14.8)

2.0 (0.2-19.7)

3.3 (0.1-158.8)

0.15

C - 22 : 1

1.00

2.4 (0.3-22.6)

2.7 (0.2-35.8)

2.2 (0.3-16.9)

2.0 (0.03-117)

0.29

C - 18 : 2

1.00

0.6 (0.1 -4.1)

0.4 (0.02-4.3)

0.2 (0.01-3.6)

0.1 (0.003-2.4)

<0.01

C - 18 : 3

1.00

0.2 (0.01-1.9)

0.5 (0.1-3.4)

0.4 (0.1-2.7)

0.2 (0.01-5.1)

0.03

C - 20 : 3

1.00

0.2 (0.02-1.4)

0.2 (0.01-2.6)

0.4 (0.1-2.3)

0.2 (0.01-4.8)

0.02

C - 20 : 4

1.00

0.6 (0.1-5.5)

0.8 (0.1-5.4)

0.8 (0.1-6.5)

0.8 (0.01-42.6)

<0.01

C - 20 : 5

1.00

0.5 (0.04-4.6)

0.5 (0.04-4.6)

0.5 (0.1-3.4)

0.3 (0.01-6.3)

0.003

C - 22 : 5

1.00

1.0 (0.1-8.2)

1.0 (0.1-8.2)

1.0 (0.01-53)

1.2 (0.2-8.4)

0.05

C - 22 : 6

1.00

0.8 (0.1-7.5)

0.7 (0.1-4.8)

0.8 (0.1-5.8)

0.8 (0.01-42.6)

0.25

Myristic acid (C14:0), palmitic acid (C16:0), palmitoleic acid (C16:1), stearic
acid (C18:0), oleic acid (C18:1), linoleic acid (C18:2), α-linolenic acid (C18:3),
arachidic acid (C20:0), eicosatrienoic acid (C-20:3), arachidonic acid (C20:4),
eicosapentaenoic acid (C20:5), docosenoic acid (C22:1), docosahexaenoic acid
(C22:6).
Odds ratios were calculated (Table 4-10) for both HBV patients and controls by
quartile of serum fatty acids. Present study found an increased risk of HBV
progression associated positively with increasing levels of myristic, palmitic,
stearic, arachidic, palmitoleic, oleic and docosenoic acids. The significant
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association between serum fatty acids and HBV was found when we compared
the odds ratio for the highest quartile with the lowest one. For myristic acid odd
ratio was found significant as 4.7 (95 % CI: 0.2, 212.2; p value = <0.01), for
palmitic acid 3.2 (95 % CI: 0.1, 121.0; p value = <0.01). On the contrary PUFA
was significantly inversely associated with HBV progression odds ratio for the
highest quartile with the lowest one was calculated as linoleic acid 0.1 (95 % CI:
0.003, 2.4 ; p value = <0.01),α-linolenic acid 0.2 (95 % CI: 0.01, 5.1; p value =
0.03), eicosatrienoic acid 0.2 (95 % CI: 0.01, 4.8; p value = 0.02), arachidonic
acid 0.8 (95 % CI: 0.01, 42.6; p value = <0.01), eicosapentaenoic acid 0.3 (95 %
CI: 0.01, 6.3; p value = 0.003) and docosapentaenoic acid odds ratio was 1.2 (95
% CI: 0.2, 8.4; p value = 0.05).
The present study supports an inverse association of PUFA with HBV
progression. The lipids emulsion have the capability to transform the immune
mechanism. The n-3fatty acids are known for their capability to modify
leukocyte activity, amend lipid-mediator generation and to modulate cytokine
release. The declining of infectious phase was reported after the initiation of n -3
fatty acid by enteral nutrition to hepatic trauma patients [137]. It is also
suggested by the current study that use of n-3 and n-6 fatty acid significantly
decreases the rate and complications of the disease when meaningfully added in
the diet of HBV patients. Zeissig et al., in 2012 [138] reported that HBV patients
demonstrated very early activation of peripheral natural T cells, a population of
cells that phenotypically resembles classical NKT cells. Natural T cell activation
preceded activation of NK and conventional T cells and was associated with
subsequent control of HBV infection. NKT cells may, therefore, contribute to the
control of HBV infection through sensing of HBV-induced modified self-lipids.

4.2 HEPATITIS C
The WHO had estimated that approximatly130-150 million people globally have
chronic HCV infection and approximately 350,000 to 500,000 people die each
year from hepatitis C-related liver diseases [3].
An HCV proceeds to hepatic impairment, which in turn narrates to changes in
alterations of the lipid metabolism [139]. FA and cholesterol are collectively
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playing a major role in the advancement of HCV. Lipid accumulation in the liver
is leading to steatosis, which is initiated by de novo lipogenesis, may contribute
to HCV-induced damage by the involvement of viral replication process. Sterol
regulatory-element binding protein 1c and FA synthase enzyme is involved in
lipogenic pathway and HCV are planned to excite hepatic FA synthesis by upregulation of these enzymes [140].
Some key hallmarks achieved rapidly in the Hepatitis C medical therapy.
Approved by the U.S. FDA in 2011, Incivek was apparently as an outstanding
new Hepatitis C drug as it greatly improved the possibility of whipping out the
HCV, Incivek has already been discontinued the effect from October 2014. At
the end of 2014 an active interferon-free, hepatitis C treatments with Gilead’s
Sovaldi, Gilead’s Harvoni and AbbVie’s Veikira Pak has been acquired.
Although they may or may not require the addition of ribavirin during the course
of therapy, these effective, all oral medications come with a high price tag.
However, interferon alfa-2b is FDA approved to treat chronic hepatitis C as well
as hairy cell leukemia, malignant melanoma, condylomata acuminate and AIDS related Kaposi's sarcoma [141].
Thus the aim of current study is to determine the variations in serum lipids and
FA composition HCV patients and serum lipid and FA due to interferon alpha-2b
treatment in pre and post-treated HCV patients in comparison with healthy
controls.
4.2.1 E PIDEMIOLOGICAL RISK FACTORS FOR HCV DISEASE
The mean age of all patients 34.16 and controls were also 34.16 years (range, 17
– 57 years) and among the patients 50% were male, 76% cases were married and
26% of patients were got no education at all. We found a significant positive
association with disease. Illiteracy and lack of awareness about the transmission
were also a risk factor in acquiring the infection. The HCV-positive family
history is significantly (p=0.0001) positively associated with HCV disease
(Table 4-11). Because HCV is transmitted through personal things such as
contaminated ear and nose piercing equipment, razors and toothbrushes etc.
Appropriate precaution should be taken regarding any medical condition that
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results in bleeding, such as cuts and sores. Hepatitis C virus is not spread by
sharing eating utensils, breastfeeding, hugging, kissing, holding hands, coughing,
or sneezing. It is also not spread through food or water [142].
The

dental treatment, shave from barber shop (p<0.01) and smoking are

significantly positively associated with HCV disease and a positive association is
also observed among the patients having habit due to the use of betel quid with
tobacco and gutka chewing (Table 4-12).
Table 4-11: Demographic characteristics of HCV Patients and controls.

Variables
Education
No education
Primary
Matric
Intermediate
Graduation and above
Marital status
Married
Unmarried
Family history
Positive
Negative

Cases
(n=50)

Controls
(n=110)

Odds
ratio

95%Confidence
p
intervals
value

23
7
8
6
6

24
20
22
25
19

3.03
1.11
1.15
0.76
1.00

0.921 – 10.370
0.266 – 4.648
0.290 – 4.634
0.178 – 3.239
(Reference)

0.047
0.669
0.702
0.926

38
12

79
31

0.72
1.00

0.541 – 2.888
(Reference)

0.718

30
20

28
82

4.39
1.00

2.039 – 9.535
(Reference)

0.0001

Shaving from barber shops have a significant positive association with HCV
disease which is also supported by Bari et al., (2001). Janjua., in 2003 [143] in a
cross-sectional study of barbers in Rawalpindi/Islamabad in 1999, showed that
only 13% of barbers had knowledge that hepatitis could be transmitted by
contaminated razors. An important consideration among dental professionals was
the risk of percutaneous transmission through punctures or cuts with instruments
infected from HBV patients, or absorption through the oral cavity. Transmission
through saliva can occur as a result of absorption from mucosal surfaces [144].
Cigarette smoking is also positively associated with HCV and many studies are
reported for the association of cigarette smoking in liver cancer and its
prospective collaboration through viral infection. The smoke of cigarette
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comprises numerous chemicals compounds which are metabolized and
stimulated as carcinogens in the liver [145]. The presence of tobacco in betel
quid and areca nut chewing can produce harmful effects on liver functions [146].
Although we have found a non-significant (p>0.01) positive association of
smoking with HCV disease.
Table 4-12: Epidemiological risk factors of HCV patients and controls.

Variables
Unani / Homeopathic treatment
Yes
No
Self-medication
yes
No
Dental treatment
Yes
No
History of any surgery
Positive
Negative
Blood transfusion
Yes
No
Barber shave
Shop
Both self and shop
Self
piercing (Ear/ Nose )
Yes
No
Smoking
No smoking
Addiction
Areca nut
Betel leaf with areca nut and
tobacco/Gutka
No addiction

Cases
(n=50)

Controls
(n=110)

Odds
ratio

95%Confidence
intervals

p
value

22
28

47
63

1.05
1.00

0.508 – 2.181
(Reference)

1.000

14
36

29
81

1.01
1.00

0.452 – 2.269
(Reference)

27
23

40
70

2.05
1.00

0.988 – 4.286
(Reference)

0.054

14
36

28
82

1.14
1.00

0.052 – 2.570
(Reference)

0.885

15
35
(n=25)
11
6
8

22
88
(n=66)
13
10
43

1.71
1.00

0.745 – 3.934
(Reference)

0.235

4.55
3.22
1.00

1.332 – 15.947
0.770– 13.646
(Reference)

0.012
0.128
1.000

25
25
28
22

44
66
40
70

1.50
1.00
2.23
1.00

0.725 – 3.106
(Reference)
1.069 – 4.658
(Reference)

0.312

10
18

23
26

1.21
1.92

0.451 – 3.189
0.825 – 4.473

0.855
0.144

22

61

1.00

(Reference)

In the questionnaire the patients were also inquired about their dietary intake
under the questions like their routine and frequent type of diet, the cooking
method along with the use of cooking oil and quantity with the type of tea
consumed which is compiled in table 4-13. According to their replies, dietary
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1.000

0.031

components consumed routinely were (21%) of vegetables, meat (9%) and beans
(20%). Food is cooked in different type of oil such as branded cooking oil
(26%), non-branded oil (40%), Vanaspati ghee (20%), rapeseed oil (14%) while
on the other hand majority of patients (56%) consuming tea and (64%) take 2
cups daily.

Table 4-13: Dietary habits of HCV patients and controls.
Cases

Controls

Variables
(n=50) Percentage
Frequent consumption
Pluses
Vegetables
Meat
Type of oil used
Branded cooking oil
Non-branded oil
Vanaspati ghee
Rapeseed oil
Type of tea
Strong
Light
Tea with more milk
Take intake per day
2 cups/ day
3 cups/ day
More than 3 cups/ day

(n=110)

Percentage

20
21
09

40
42
18

34
40
36

30
36
32

13
20
10
7

26
40
20
14

54
27
19
10

49
24
17
9

10
28
12

20
56
24

31
52
27

28
47
24

32
11
7

64
22
14

58
34
18

52
31
16

The major cause is the low income and lack of awareness prevents them from
consuming right food, the majority of the patients use non-branded oil. Chabiri et
al., in 2009 [147] reported that the branded vegetable oils analyzed possessed
good physical and chemical quality of identity with minimal microbial
contamination, while the non-branded vegetable oils, on the other hand showed
increased microbial content. From these findings, the emphasis is therefor e laid
on the consumption of branded vegetable oils rather than unbranded vegetable
oils.
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4.2.2 CLINICAL EVALUATION AND SERUM LIPID PROFILE BETWEEN INDIVIDUALS
WITH HEPATITIS

C

The HCV patients have significantly lower (p<0.05) LDL–C, HDL–C, VLDL–C,
TAG and total lipid in comparison to controls (Table 4-14).
Table 4-14: Comparison lipid profile of HCV patients and controls.

Total cholesterol

Controls
(n=50)
(mg/dl)
170.1±9.7

Patients
(n=50)
(mg/dl)
159.7±13.8*

LDL–C

102.8±5.2

82.9±12.1*

VLDL– C

25.3± 4.5

22.8±4.4*

HDL–C

55.5±7.8

30.3±9.6*

TAG

126.5±12.1

114.0±1.3*

Total Lipid

543.8±4.2

496.3±6.6*

Lipid profile

Values are mean ± standard deviation*Different from Hepatitis C patients with
healthy controls, p<0.05 (t-test).
HCV-induced steatosis occurs via the different mechanism that interfere with the
host lipid production for its benefit. The HCV interfere in the mevalonate
pathway leading to decreased cholesterol production compensatory up -regulation
of LDL receptors proceeding to decreased LDL–C levels, comparable to the
mechanism of HMG-CoA reductase inhibitors. In addition hepatitis C
accompanying with reduced level of Microsomal Triglyceride-transferase Protein
(MTP), the enzyme responsible for the production of VLDL–C, which is in turn
answerable for diminished circulating LDL–C and cholesterol levels. Thus the
decline in non-HDL cholesterol levels, a composite of principally VLDL–C and
LDL–C, could reveal viral inhibition of MTP [148].
The age wise comparison of hepatitis C was not statistically significant (P> 0.05)
among all age groups except LDL-C which is increased as age was increasing
but did not reach a significant level (P= 0.060) in hepatitis C patients (Table 415). Auley et al., in 2012 [129] has reported that variations in the lipid profile
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are an outcome of the aging process which can increase plasma cholesterol
predominantly LDL-C in both genders.
Table 4-15: Age wise comparison of lipid profile for Hepatitis C patients.
Age groups (Years)

p

31 - 45
(n=26)
(mg/dl)
149.11± 50.9

46 Above
(n=5)
(mg/dl)
173.60± 30.0

value

Total cholesterol

17 – 30
(n=19)
(mg/dl)
144.84± 51.8

LDL-C

61.42± 32.7

79.27± 35.7

97.60± 41.5

0.060

VLDL-C

23.61± 12.6

22.10± 10.4

27.16± 10.5

0.669

HDL-C

39.00± 9.9

36.04± 12.8

35.80± 8.5

0.646

TAG

111.89± 61.1

109.58± 51.1

135.80± 52.4

0.622

Total Lipids

498.42± 186.9

474.15± 154.2

557.00± 119.9

0.579

Lipid profile

0.518

Lipid profile contents were comparable in hepatitis C male and females (p>
0.05); except two variables triacylglycerol which was significantly (p=0.041)
lower and VLDL-C was also lower in females but did not reach the level of
significance (p=0.059) (Table 4-16). Similarly, Draznin et al., in 2013 [130] has
reported that VLDL-C was higher in males as compare to female; in addition,
author has observed that VLDL-C and triacylglyceride were higher in the female
in their childhood however after puberty the levels were decreased.
Table 4-16: Gender wise comparison of lipid profile for Hepatitis C patients .
Gender
Lipid profile

Total cholesterol

Male
(n=25)
(mg/dl)
156.35± 56.5

Female
(n=50)
(mg/dl)
151.87± 45.7

LDL-C

79.39± 40.8

75.83± 35.2

0.375

VLDL-C

25.29± 11.4

20.28± 10.0

0.059

HDL-C

38.22± 13.1

35.96± 8.6

0.246

TAG

126.43± 57.1

101.42± 50.2

0.041

Total Lipids

528.30± 181.1

468.79± 150.1

0.111
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p value
0.383

The dietary fatty acid intake to changes in serum HDL, LDL, and total
cholesterol and TAG concentrations. Replacement of saturated by unsaturated
fatty acids raised the HDL to LDL cholesterol ratio, whereas replacement by
carbohydrates had no effect Thus, under isocaloric, metabolic- ward conditions
the most favorable lipoprotein risk profile for coronary heart disease was
achieved if saturated fatty acids were replaced by unsaturated fatty acids, with no
decrease in total fat intake [149].
Further analysis was performed to examine the relationship of FA levels with
HCV patients. The table 4-17 summarizes the serum TFA composition of HCV
patients. Mean levels of individual FA in two groups were subjected to pair -wise
comparison. It revealed that there were significant differences in the levels of
seven FAs in HCV patients and controls. Two serum SFA myristic and palmitic
acid were elevated and five unsaturated FA including nervonic, linoleic, α linolenic, docosahexaenoic and arachidonic acid were reduced in HCV patients
as compared controls.
For the study, the fatty acids were extracted from serum specimens to describe
de novo fatty acid synthesis in HCV patients in comparison to healthy subjects.
The present study gives the signal of lipogenesis is increased and have produced
higher levels of SFA and MUFA with reduced PUFA in HCV patients. The
biosynthetic pathways are used to produce cholesterol and fatty acids, reported
earlier in figure as shown in figure 1.4. The role of the liver is vital in body lipid
which includes the storage, production, and transportation of lipoproteins, in
addition to catabolism of various lipids comprising the excretion of
phospholipids and cholesterol as well as a center of the fatty acid formation and
lipid circulation with lipoprotein production [63]. The SREBP-1c genes involved
in the FA biosynthetic pathway and SREBP-2 genes favors cholesterol
biosynthetic pathway including the enzymes which are involved in this process
HMG-CoA synthase, HMG-CoA reductase (rate limiting enzyme in cholesterol
synthesis) and squalene synthase. The SREBP-1c genes are involved in FA
synthesis pathway which includes enzyme ATP citrate lyase in the production of
acetyl-CoA. This acetyl-CoA is carboxylated into malonyl-CoA by the acetylCoA limiting enzyme of the FA elongase complex [64].The stearate is converted
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into

oleate

by

stearoyl-CoA

desaturase.

Initially,

glycerol-3-phosphate

acyltransferase is involved in the synthesis of TAG and phospholipid. Finally, 6
xxSREBP-1c and SREBP-2 activate three genes, necessary for the production of
NADPH (which is utilized at several stages in the lipid biosynthetic pathways)
[65].
Table 4-17: Comparison of total fatty acid composition between HCV patients
and controls.

C – 14: 0

Controls
(n=50)
(g/100g)
1.10 ± 3.9

Patients
(n=50)
(g/100g)
2.40 ± 0.65*

C - 16 : 0

23.80 ± 5.3

27.20 ± 0.93*

C - 18 : 0

14.70 ± 5.5

13.90 ± 2.2

C - 20 : 0

0.40 ± 1.1

0.30 ± 0.1

C - 14 : 1

0.50 ± 0.98

0.30 ± 0.02

C - 16 : 1

2.60 ± 2.2

3.50 ± 0.4

C - 18 : 1

19.80 ± 4.6

20.30 ± 0.95

C - 22 : 1

1.90 ± 1.4

2.50 ± 0.33

C – 24 : 1

0.35 ± 0.73

ND*

C - 18 : 2

25.00 ± 5.4

21.30 ± 0.5*

C - 18 : 3

0.90 ± 1.3

0.50 ± 0.3*

C - 20 : 4

5.90 ± 2.2

5.20 ± 0.2*

C - 20 : 5

0.98 ± 1.7

0.50 ± 0.1

C - 20 : 3

0.30 ± 0.6

0.10 ± 0.2

C - 22 : 6

0.40 ± 0.7

ND*

Fatty acids

Values are mean ± standard deviation,*shows significant difference from
Hepatitis C patients with comparison of healthy controls a p<0.05 (t- test). Not
detected (ND), myristic acid (C14:0), myristoleic acid (C14:1), palmitic acid
(C16:0), palmitoleic acid (C16:1), stearic acid (C18:0), oleic acid (C18:1),
linoleic acid (C18:2), α-linolenic acid (C18:3), arachidic acid (C20:0),
eicosatrienoic acid (C-20:3), arachidonic acid (C20:4), eicosapentaenoic acid
(C20:5), docosenoic acid (C22:1), docosahexaenoic acid (C22:6), nervonic
acid(C24:1).
It is also supported by Waris et al., in 2007 [150] reported that HCV infection
stimulates the expression of genes related to lipogenesis by inducing the
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proteolytic cleavage of SREBPs. HCV core and NS4b derived from genotype 3a
are also individually capable of inducing the proteolytic processing of SREBPs.
This evidence of lipogenesis increasing is evident from many bases to put
forward lipogenesis is up-regulated in HCV patients and joined to virus
progression. The SFA availability is enhanced by lipogenesis for plasma
membranes and accordingly decreased PUFA content of cell membrane. In
cancer cells membrane lipid saturation is observed as well as hypothesized to
give defense from chemotherapy mediators and cell loss by plummeting
peroxidation, owing to the replacement of PUFA by SFA. The hepatic lipid
droplets are produced by lipogenesis, while they are essential for HCV assembly
[151, 152]. The current study shows myristic, palmitic and oleic acid were
elevated and nervonic, linoleic, α-linolenic, docosahexaenoic, eicosapentaenoic
and arachidonic acid were reduced in an HCV patients. Leu et al., in 2004 [153]
has demonstrated in vitro studies that SFA including myristic, palmitic and oleic
acid was enhanced in HCV replication while PUFA including arachidonic,
linoleic, alpha-linolenic, docosahexaenoic, eicosapentaenoic have an ability to
reduce the HCV replication. In chronic liver diseases, increased oxidative stress
has been reported, due to the release of reactive oxygen species from seq uestered
phagocytes

and

activated

resident

macrophages.

The

low

level

of

eicosapentaenoic was observed in HCV patients. It is a highly unsaturated fatty
acid and has a high susceptibility to oxidation; for prevention of oxidative
damage antioxidant supplementation may be needed [154]. Ristic-Medic et al., in
2013 [114] reported that in alcoholic liver cirrhosis PUFA is essential not only
because of their nutritional value but also because they are a major component of
the membrane structure. It is known that the FA profile of serum phospholipids
reflects the FA composition of cell membranes. Long chain PUFA status results
from the intake, but also from the desaturation and elongation of essential FA.
The Kapadia et al., in 2005 [155] reported that PUFAs prevent HCV RNA
replication by a mechanism that is autonomous of their ability to prevent
lipogenic gene expression by antagonizing LXRα.
The FFA composition in HCV patient’s serum in comparison to controls is
illustrated in table 4-18; the total free SFA and MUFA contents were higher in
HCV patients, whereas only one SFA arachidic acid and total free PUFA were
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found lower except eicosatrienoic acid in patients in contrast to controls. The
significant difference occurred in three saturated and three unsaturated FA
including myristic, palmitic, stearic, palmitoleic, linoleic acid and arachidonic
acid. The elevated FFA in the liver is the main cause of cell injury and death in
NASH. This is supported by the presence of elevated circulating FFA in NASH.
FFAs directly induced cellular death in liver. Saturated FFA’s are more toxic
than monounsaturated FFA’s regardless of affecting a similar magnitude of
accumulation of fat in the liver cells [136].
Table 4-18: Comparison of serum free fatty acid composition between HCV
patients and controls.

C – 14:0

Controls
(n=50)
(g/100g)
1.50 ± 0.6

Patients
(n=50)
(g/100g)
2.05 ± 0.02*

C - 16 : 0

23.70 ± 3.6

27.2 ± 2.0*

C - 18 : 0

10.80 ± 4.1

12.03 ± 2.9*

C - 20 : 0

0.40 ± 0.9

0.11 ± 0.7

C - 14 : 1

0.12 ± 0.3

1.10 ± 0.2

C - 16 : 1

2.80 ± 1.4

3.70 ± 0.2*

C - 18 : 1

20.60 ± 2.9

20.70 ± 1.2

C - 22 : 1

2.10 ± 1.3

2.50 ± 0.4

C - 18 : 2

29.9 ± 4.7

22.50 ± 1.9*

C - 18 : 3 (n-3)

0.40 ±1.1

0.30 ± 0.2

C - 20 : 4 (n-6)

6.10 ±1.7

4.90 ± 0.6*

C - 20 : 5 (n-3)

1.00 ±1.6

0.20 ± 0.3

C - 20 : 3 (n-6)

0.20 ± 0.7

0.30 ± 0.2

Fatty acids

Values are mean ± standard deviation,*shows significant difference from
Hepatitis C patients with comparison of healthy controls a p<0.05 (t- test). Not
detected (ND), myristic acid (C14:0), myristoleic acid (C14:1), palmitic acid
(C16:0), palmitoleic acid (C16:1), stearic acid (C18:0), oleic acid (C18:1),
linoleic acid (C18:2), α-linolenic acid (C18:3), arachidic acid (C20:0),
eicosatrienoic acid (C-20:3), arachidonic acid (C20:4), eicosapentaenoic acid
(C20:5), docosenoic acid (C22:1), docosahexaenoic acid (C22:6), nervonic
acid(C24:1).
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Figures. 4-9 and 4-10 show the thorough evaluation of serum total and free form
of fatty acids. The SFA, MUFA were raised up and PUFA was lesser both total
and free form in HCV patients with disparity of healthy subjects. The Significant
dissimilarity (p<0.05) perceived in total as well as free fatty acids including
SFA, PUFA, and its n-3, n-6 form.
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Figure 4-9: Comparison of serum SFA, MUFA, PUFA including n-3 and n-6 fatty acids
in total FA composition of controls and HCV patients.
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Figure 4-10: Comparison of serum Free SFA, MUFA, PUFA including n-3 and n-6 fatty
acids in free FA composition of controls and HCV patients.
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The HCV affected by FA metabolism by modifying the genes expression of
metabolically significant enzyme SCD in vitro in animal studies. Therefore, it is
acceptable that changes occur in hepatic FA profile due to the direct contribution of
HCV. Variations take place in FADS1 (fatty acid ∆5-desaturase) and FADS2 (fatty
acid ∆6-desaturase) or SCD genes may be the stimulus for enzyme activity and FA
composition [109]. Hence in conclusion it is stated that currently no any other study is
available to investigate the fatty acid metabolism of HCV patients.
4.2.3 A COMPARATIVE STUDY OF SERUM LIPID CONTENTS IN PRE AND POST IFNALPHA TREATED HEPATITIS

C PATIENTS

We found serum total lipids, total cholesterol, HDL–C, LDL–C, VLDL–C, TAG
in HCV pretreated patients were decreased as compared to controls. Whereas,
after the interferon therapy lipid contents were increased and got back to normal
ranges. The significant difference was observed in HDL–C and LDL–C (Table 419).
We have reported the importance of lipid factors on IFN alpha-2b therapy by
evaluating lipid profile and FA composition of HCV patients before and after
treatment. The low lipid profile was identified as contributing factor in HCV
patients before treatment. Further analysis was performed to examine the
relationship of FA levels to the response of IFN therapy. The IFN might alter the
metabolism of lipids through receptors on hepatocytes, enterocytes, and
adipocytes which play a major role in the serum lipids regulation. The most
important fact is HCV replication was suppressed and hepatocytes may
normalize their function because HCV has the direct effect on hepatocyte lipid
metabolic functions [156].
Moreover, there may be clinical implications for HCV-associated dyslipidemia
[157]. Nutraceutical foods provide medical or health benefits for the prevention
and treatment of diseases. The role of nutraceuticals and functional foods in
dyslipidemia has been reported to act by reducing 7 α-hydroxylase, increasing
faecal excretion of cholesterol, decreasing 3-hydroxy-3-methylglutaryl CoA
reductase mRNA levels or reducing the secretion of very low-density lipoprotein
[158].
68

HCV infection can exert proatherogenic activities due to its direct action on
vessel walls and/or via the chronic inflammatory process involving the liver
[159]. The inflammatory condition related to liver infection could negatively
influence the vascular wall performance and the cardiovascular system [160].
Table 4-19: Comparison of lipid profile of Control subjects with pre and post treated HCV patients.

Lipid Profile

Controls
(n=50)
(mg/dl)

Pretreated Patients
(n=50)
(mg/dl)

Post treated Patients
(n=50)
(mg/dl)

Total cholesterol

170.1 ± 9.7

149.9 ± 49.0

169.5 ± 18.8

LDL – C

102.8 ± 5.2a

74.3 ±35.9b

97.5 ± 2.9c

VLDL – C

25.3±5.1

22.6± 5.5

24.6±5.3

HDL – C

55.5 ± 7.8a

37.1 ± 11.2b

45.7 ± 8.9c

TAG

126.5 ± 12.1

113.1 ± 54.1

123 ± 19.7

Total lipid

543.8 ± 34.2

491.7 ± 161.0

533.2 ± 43.9

Values represent mean ± Standard deviation of triplicates. Different alphabets on the
same row indicate significant difference at p<0.05.
The result of total FA composition of pre and post-treated HCV patients with
contrast of healthy controls reveal that myristic and palmitic acids were
significantly higher while linoleic acid was significantly lower in HCV patients.
Stearic and docosenoic acids were elevated in pretreated patients and reduced
after therapy. The palmitoleic acid was increased in both pre and post patients.
The myristoleic, oleic, α-linolenic, arachidonic and arachidic acid were increased
after INF treatment. The nervonic and docosahexaenoic acid were not detected in
both categories while in post-treated HCV patients eicosatrienoic acid was not
determined in comparison to controls. The oleic: stearic and palmitoleic:
palmitic acid ratios, which are considered as an indicator for SCD-∆9-desaturase
activity was found higher in HCV patients, While PUFA: SFA was lower in
HCV patients as compared with control subjects (Table 4-20). The variations
noted in FA profile in HCV patients indicate dysregulations of enzymatic
conversion steps. The comparative amount of MUFA and higher oleic: stearic
and palmitoleic: palmitic acid ratios in HCV patients propose increased activity
of SCD. It is a rate-limiting enzyme involved in the synthesis of MUFA from
69

SFA. As reported by authors that hepatic steatosis is developed by the
involvement of SCD and they had shown that rats with SCD1-deficiecny were
resistant to diet-induced obesity and steatosis. The diminished lipogenesis and
enriched β-oxidation leading to the underlying mechanisms may comprise
regulation of transcription elements, like the SREBP-1 [161, 162].
Table 4-20: Comparison of serum total fatty acid profile between HCV patients
(pre and post) and controls.
Fatty acids

Controls
(n=50)
(g/100g)

Pretreated Patients
(n=50)
(g/100g)

Post treated Patients
(n=50)
(g/100g)

C – 14:0

1.1 ± 3.2a

2.8 ± 1.7b

1.9 ± 0.7c

C - 16 : 0

23.9 ± 5.3a

26.6 ± 3.8b

27.8 ± 2.3c

C - 18 : 0

14.7 ± 5.4

15.4 ± 5.12

12.3 ± 3.1

C - 20 : 0

0.4 ± 1.1

0.3 ± 0.9

0.4 ± 0.8

C - 14 : 1

0.5 ± 0.9

0.3 ± 2.2

0.4 ± 0.4

C - 16 : 1

2.6 ± 2.2

3.2 ± 1.4

3.8 ± 1.1

C - 18 : 1

19.8 ± 4.6

19.6 ± 3.6

20.9 ± 1.8

C - 22 : 1

1.9 ± 1.4

2.7 ± 1.4

2.3 ± 0.8

C – 24 : 1

0.3 ± 0.7

ND

ND

C - 18 : 2

25.0 ± 5.4a

20.9 ± 5.8b

21.6 ± 4.1c

C - 18 : 3

0.8 ± 1.3

0.3 ± 1.0

0.7 ± 0.9

C - 20 : 4

5.9 ± 2.1

5.1 ± 1.6

5.3 ± 0.8

C - 20 : 5

0.9 ± 1.7

0.6 ± 1.3

0.5 ± 0.9

C - 20 : 3

0.4 ± 0.6

0.2 ± 0.9

ND

C - 22 : 6

0.39 ± 0.7

ND

ND

C-18:1: C-18:0

1.3

1.3

1.7

C-16:1: C-16:0

0.1

0.2

0.3

PUFA: SFA

1.0

0.6

0.8

Values represent mean ± Standard deviation of triplicates. Different alphabets on the
same row indicate significant difference at p<0.05. Not detected (ND), myristic acid
(C14:0), myristoleic acid (C14:1), palmitic acid (C16:0), palmitoleic acid (C16:1),
stearic acid (C18:0), oleic acid (C18:1), linoleic acid (C18:2), α-linolenic acid
(C18:3), arachidic acid (C20:0), eicosatrienoic acid (C-20:3), arachidonic acid
(C20:4), eicosapentaenoic acid (C20:5), docosenoic acid (C22:1), docosahexaenoic
acid (C22:6), nervonic acid (C24:1).
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Low level of arachidonic, docosahexaenoic and eicosapentaenoic acid low levels
were detected in HCV pre and post-treated patients. The biosynthesis of various
prostaglandins (PGs) and other eicosanoids are formed through FAs; as they are
esterified in position 2 of glycerol and upon activation of phospholipases by
physiologic or pathophysiologic stimuli; arachidonic and eicosapentaenoic are
released and oxidized by cyclooxygenase and lipoxygenase. The synthesis of
PGE2 from ω 6 PUFAs is accelerated and especially from arachidonic acid,
which has an ability to suppress the production of type 1 cytokines [163].
Moreover, the chronic liver diseases had shown increased oxidative stress, due to
hepatocellular iron accumulation and the direct effect of the HCV core protein.
The reactive oxygen species including inflammatory cytokines such as Tumor
Necrosis Factor-α (TNF-α) and interleukin-1β produced during the immune
response as activated phagocytes, which may cause oxidative stress [154]. In
present study lower eicosapentaenoic acid levels were observed in HCV pre and
post-treated patients. Eicosapentaenoic acid has a high susceptibility to oxidation
because it is a highly unsaturated fatty acid. The oxidative damage is prevented
during treatment by antioxidant supplementation.
The serum free FA profile of HCV patients, show significantly higher palmitic
and stearic acid in pre-treated patients, which were reduced after therapy. The
myristoleic, linoleic, arachidonic and eicosapentaenoic acid were significantly
lower in HCV patients and increased after INF treatment. The eicosapentaenoic
acid was not detected in post patients. The myristic, arachidic, palmitoleic acid
were elevated in both pre and post HCV patients. The oleic, α-linolenic,
eicosatrienoic acid were reduced in HCV patients and the level of these FAs
enhanced after the treatment (Table 4-21).
The concentration of saturated FFA was higher in HCV pre and post-treated
patients. Malhi et al., in 2006 [136] reported that cellular steatosis is caused by
FFAs; which enhance expression of the apoptosis effectors TNF-α. The
cytotoxicity of saturated FFAs was found higher than monounsaturated, therefore
palmitic and stearic acid exhibited greater cytotoxicity than oleic and palmitoleic
acid FFAs. The establishment of reactive oxygen species in another lipid
metabolic paths, including ceramide synthesis, modulation of death receptor
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expression and direct initiation of cellular proapoptotic machinery which are
putative mechanisms involved in lipoapoptosis.
The total SFA and MUFA were higher while PUFA (n – 3 and n – 6) contents
were lower in HCV pre-treated patients in comparison to controls. After the INF
therapy, the PUFA concentration was improved in patients (Figure 4-11) but was
found lower than controls.
Table 4-21: Free fatty acid composition of HCV patients (pre and post) in
comparison of controls.

C – 14:0

Controls
(n=50)
(g/100g)
1.5 ± 0.6

Pretreated Patients
(n=50)
(g/100g)
2.0 ± 1.1

Post treated Patients
(n=50)
(g/100g)
2.0 ± 0.5

C - 16 : 0

23.8 ± 3.6a

28.6 ± 5.9b

25.8 ± 2.5c

C - 18 : 0

10.8 ± 4.1a

14.4 ± 5.4b

10.2 ± 1.7a

C - 20 : 0

0.5 ± 0.9

0.6 ± 2.1

1.6 ± 1.1

C - 14 : 1

0.1 ± 0.3a

NDb

0.2 ± 0.4c

C - 16 : 1

2.8 ± 1.4

3.5 ± 1.5

3.8 ± 1.2

C - 18 : 1

20.7 ± 2.9

19.9 ± 3.9

21.6 ± 2.1

C - 22 : 1

2.2 ± 1.3

2.2 ± 1.3

2.8 ± 1.0

C - 18 : 2

29.9 ± 4.6a

21.2 ± 4.6b

23.8 ± 5.6c

C - 18 : 3

0.4 ± 1.1

0.2 ± 0.6

0.4 ± 0.7

C - 20 : 4

6.1 ± 1.6a

4.4 ± 1.4b

5.3 ± 0.9c

C - 20 : 5

1.0 ± 1.6a

0.4 ± 0.9b

NDc

C - 20 : 3

0.2 ± 0.7

0.1 ± 0.5

0.5 ± 1.3

Fatty acids

Values represent mean ± Standard deviation of triplicates. Different alphabets on
the same row indicate significant difference at p<0.05. Not detected (ND),
myristic acid (C14:0), myristoleic acid (C14:1), palmitic acid (C16:0),
palmitoleic acid (C16:1), stearic acid (C18:0), oleic acid (C18:1), linoleic acid
(C18:2), α-linolenic acid (C18:3), arachidic acid (C20:0), eicosatrienoic acid (C20:3), arachidonic acid (C20:4), eicosapentaenoic acid (C20:5), docosenoic acid
(C22:1), docosahexaenoic acid (C22:6), nervonic acid (C24:1).
The present study suggests that elevated serum level of SFA and MUFA, while
low level of PUFA could be a predictive factor for virological response to IFN based therapy in HCV patients. The changes were reverted to base line after the
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treatment, significant increase in lipid profile was observed. The signific ance
and processes of these deviations are not clear, but it has been reported that HCV
may alter expression profile of lipid metabolism–accompanying with genes
[164]. SREBPs are genes encoding enzymes coordinate in cholesterol and fatty
acid biosynthesis, whereas SREBP-2 plays an important role in cholesterol
biosynthesis, SREBP-1c is involved in fatty acid biosynthesis, which regulates
the expression of its enzymes in the liver, e.g., Fatty-Acid Synthase (FAS) and
SCD [165].
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Figure 4-11: Comparison of serum SFA, MUFA, PUFA including n-3 and n-6 fatty
acids in total FA composition of controls and HCV patients (pre and post).

Miyake et al., in 2010 [166] reported that the SFA may be responsible for impaired
Dendritic Cells (DC) function. The inflammation and impaired antigen-specific
function of DCs were due to palmitic acid in NAFLD in humans and mice. An
additional explanation for the reduced effect of IFN-based therapy in patients is
related with palmitic acid potency to develop ineffective anti-HCV immunity. These
conditions are similar as found in present study with HCV infection. The impaired
function of DC in HCV infection is possibly due to the reduced anti-HCV immunity
by the higher level of palmitic acid. Further studies are desirable to identify the
mechanisms which are involved in the effects of palmitic acid, including
immunomodulatory effects.
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Figure 4-12: Comparison of Free SFA, MUFA, PUFA including n-3 and n-6 fatty acids
in free FA composition of controls and HCV patients (pre and post).

Figure 4-12, elucidates the FFA composition in HCV pre and post patients in
contrast to controls. The saturated FFA was elevated, whereas the free MUFA
and PUFA were lower in HCV patients in association with controls. After the
INF therapy both MUFA, and PUFA were augmented and the amount of SFA
was abridged in HCV patients.
Odds ratios were calculated (Table 4-22) for hepatitis C pretreated patients and
controls by quartile of serum fatty acids. The significant association between
serum fatty acids and hepatitis C virus was found when we compared the
myristic acid odds ratio for the highest quartile with the lowest one 2.0 (95 % CI:
0.08, 97.8; p value = 0.0003), palmitic acid odds ratio was 2.6 (95 % CI: 0.4,
20.6; p value = 0.0002) and docosenoic acids odds ratio was 2.7 (95 % CI: 0.6,
12.2; p value = 0.001). The present study found an increased risk of hepatitis C
virus replication associated positively with increasing levels of myristic, palmitic
and docosenoic acids. On the contrary, PUFA was inversely correlated with
hepatitis C virus replication with odds ratio ≤ 0.9.
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Table 4-22: Odds ratio for Hepatitis C patients and controls according to
quartiles of serum fatty acid.

Odds ratio (95% confidence interval)
Fatty
acids

1st Quartile 2nd Quartile 3rd Quartile
Reference

4th Quartile

p
5th Quartile

value

C – 14:0

1.00

1.8(0.4-9.3)

2.3(0.6-9.4)

2.6(0.5-13.4)

2.0 (0.04-97.8)

0.0003

C - 16 : 0

1.00

1.8(0.3-13.5)

1.9(0.3-12.9)

3.4(0.6-20.3)

2.6(0.4-20.6)

0.0002

C - 18 : 0

1.00

0.3(0.06-1.7)

0.5(0.1-2.1)

0.8(0.2-3.3)

1.6(0.2-11.9)

0.21

C - 20 : 0

1.00

0.5(0.05-3.2)

0.9(0.02-35.3)

0.3(0.01-3.6)

1.9(0.1-53.4)

0.22

C - 14 : 1

1.00

0.8(0.02-36)

0.4(0.01-7.6)

0.4(0.01-7.6)

0.8(0.02-35.8)

0.27

C - 16 : 1

1.00

1.4(0.2-8.5)

2.1(0.4-11.1)

2.5(0.5-14.8)

1.4(0.2-8.7)

0.12

C - 18 : 1

1.00

2.7(0.4-18.8)

2.8(0.5-17.2)

1.1(0.2-7.9)

2.0(0.2-17.6)

0.411

C - 22 : 1

1.00

1.8(0.4-9.3)

2.5(0.6-11.1)

1.3(0.2-9.6)

2.7(0.6-12.2)

0.001

C - 18 : 2

1.00

0.5(0.08-2.3)

0.9(0.04-0.8)

0.2(0.04-0.9)

0.1(0.01-0.8)

0.002

C - 18 : 3

1.00

0.3(0.03-1.9)

0.1(0.004-0.8)

0.7(0.02-28)

0.4(0.01-5.5)

0.009

C - 20 : 4

1.00

0.8(0.1-4.6)

0.5(0.08-3.6)

0.5(0.08-3.3)

0.2(0.004-3.1)

0.008

C - 20 : 5

1.00

0.3(0.08-1.3)

0.2(0.01-1.9)

0.4(0.01-2.4)

0.7(0.07-8.0)

0.07

C - 20 : 3

1.00

0.1(0.01-1.0)

0.3(0.01-3.2)

0.8(0.02-31.2)

0.8(0.07-8.7)

0.17

Myristic acid (C14:0), myristoleic acid (C14:1), palmitic acid (C16:0), palmitoleic
acid (C16:1), stearic acid (C18:0), oleic acid (C18:1), linoleic acid (C18:2), αlinolenic acid (C18:3), arachidic acid (C20:0), eicosatrienoic acid (C-20:3),
arachidonic acid (C20:4), eicosapentaenoic acid (C20:5), docosenoic acid (C22:1),
nervonic acid (C24:1).
The present study found an increased risk of hepatitis C virus replication associated
positively with increasing levels of myristic, palmitic and docosenoic acids.
Previously, Kapadia et al., in 2005 [155] and Leu et al., in 2004 [153] have reported
enhanced HCV replication due to increasing in saturated FAs, including palmitic acid,
whereas HCV replication was suppressed by increasing PUFAs such as arachidonic
acid in vitro. In addition, PUFA was found as a protective factor for HCV replication
as evident from odds ratio table. Huang et al., in 2007 [167] showed that arachidonic
acid has an ability to inhibit HCV replication by increasing lipid peroxidation, which
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results in decreased HCV RNA level. The physiologically relevant concentrations of
arachidonic, docosahexaenoic and eicosapentaenoic acid employ anti-HCV activities.
The anti-HCV action of PUFAs is due to the establishment of significant quantities of
lipid peroxides.
As witnessed in the present study, an inverse correlation between HCV RNA and
PUFA levels was found indicating that viral load increased with a decrease in the
PUFA concentrations. PUFAs have long been known to overwhelm hepatic
lipogenesis, lessen hepatic triglyceride levels and prompt fatty-acid oxidation and
degradation because previously it is revealed that HCV RNA replication requires
fatty-acid synthesis [155]. The Kapadia et al., in 2005 [155] reported that PUFAs
prevent HCV RNA replication by a mechanism that is autonomous of their ability to
prevent lipogenic gene expression by antagonizing LXRα.

4.3 CIRRHOSIS
Viral hepatitis is a main cause of liver cirrhosis leading to common concern of
death in Pakistan; hepatitis B and C are the most important reasons of chronic
liver diseases with the prevalence of 3 - 4% and 5 - 7% respectively [72]. The
formation and clearance of lipoproteins occur in the liver. Chronic hepatitis B, C,
and cirrhosis of the liver have been associated with impaired lipid metabolism,
reduced total cholesterol, and HDL–C in case-control studies. Changes in serum
lipids are commonly found in patients with chronic liver disease [168]. The fatty
acids play an important role in the pathogenesis of various diseases related to
metabolic disorders (Diabetes, obesity, and cardiovascular disease) [108, 169].
FFAs are important mediators of lipotoxicity, they act as possible cellular toxins
and leads to the lipid over accumulation [170]. As there is a high prevalence of
cirrhosis in our country, so this study conducted to determine the risk factors,
serum lipid profile, TFA and FFA composition in patients with HBV and HCV cirrhosis and to assess if it relates to the severity of the chronic liver disease.
4.3.1 E PIDEMIOLOGICAL RISK FACTORS FOR CIRRHOSIS
The mean age of all 30 patients were 47.53 years and controls 47.53 years
(range, 29 – 70 years) along with 60% male and 40% female. The demographic
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characteristics of the HBV-cirrhosis patients and controls with the association of
infection (Table 4-23) clearly shows that 63% of cases were married. The 33% of
patients were uneducated and we found a significant positive association with
disease. Illiteracy and lack of awareness about the transmission were also a risk
factor in acquiring an infection. The positive family history is significant
(p=0.0001) associated with risk factor of HBV-cirrhosis. Khan et al., in 2011
[171] reported that HBV can be transmitted from household contents such as
tooth brush, razors, and nail-cutters. Family history is also a significant risk
factor for cirrhosis disease. Mother, father, brother, sister, husband and wife if
any one of them is HBV positive their family is at risk of this disease.
Table 4-23: Demographic characteristics of HBV-cirrhosis patients and controls.

Variables
Education
No education
Primary
Matric
Intermediate
Graduation and above
Marital status
Married
Unmarried
Family history
Positive
Negative

Cases
(n=30)

Controls
(n=50)

Odds
ratio

95%Confidence
intervals

p
value

10
4
6
3
7

11
6
8
10
15

1.95
1.43
1.61
0.64
1.00

0.477 – 8.149
0.234 – 8.762
0.325 – 8.084
0.100 – 3.853
(Reference)

0.455
0.960
0.752
0.869

18
12

30
20

1.00
1.00

0.360 – 2.790
(Reference)

1.000

20
10

10
40

8.00
1.00

2.567 – 25.834
(Reference)

0.0001

The factors which were strongly associated with the cases accessed by
multivariable analysis were dental treatment, blood transfusion and shaving from
the barber shop. The strong association in the dietary habits is also observed for
Betel leaf with areca nut and tobacco/Gutka chewing as well as cigarette
smoking. The significant positive association was detected in positive family
history and dental treatment with disease (Table 4-24). The current study showed
that blood transfusion was significantly positively associated with the disease.
Approximately 1.5 million units of blood products were transfused every year in
Pakistan [49]. Data on the safety of such transfusion processes were not clear
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due to the lack of a reporting early and late transfusion infections or noninfectious adverse events [172]. Luby et al., in 2006 [173] studied 24 randomly
selected blood banks in Karachi in 1995; while 95% had reagents and equipment
to test for HBV, only 55% could screen for HIV and 23% for HCV.
Table 4-24: Epidemiological risk factors of HBV-cirrhosis patients and controls.
Variables

Unani /Homeopathic
treatment
Yes
No
Self-medication
yes
No
Dental treatment
Yes
No
History of any surgery
Positive
Negative
Blood transfusion
Yes
No
Shaving
Self
Barber Shop
Both self and barber shop
piercing (Ear/ Nose)
Yes
No
Addiction
Areca nut
Betel leaf with areca nut
and tobacco/Gutka
Moist powdered tobacco
snuff
No addiction
Smoking
No smoking

Cases

Controls

Odds

95%Confidence

p

(n=30)

(n=50)

ratio

intervals

value

10
20

15
35

1.17
1.00

0.396 – 3.426
(Reference)

0.951

12
18

15
35

1.56
1.00

0.543 – 4.469
(Reference)

0.502

12
18

11
39

3.87
1.00

1.192 – 12.827
(Reference)

0.021

9
21

5
45

3.86
1.00

1.009 – 15.374
(Reference)

0.048

11
19

7
43

3.56
1.00

1.061 – 12.220
(Reference)

0.038

(n=18)
7
6
5

(n=28)
15
5
8

1.00
2.57
1.34

(Reference)
0.463 – 14.975
0.255 – 7.078

12
18

20
30

1.00
1.00

0.358 – 2.782
(Reference)

1.000

8

10

2.00

0.569 – 7.058

0.220

6
2

4
1

3.75
5.00

0.768 – 19.253
0.313 – 152.554

0.074
0.221

14
10
20

35
11
39

1.00
1.77
1.00

(Reference)
0.575 – 5.488
(Reference)

0.394

0.378
0.975

Shaving from barber shops showed significant positive association with disease in the
present study. Janjua., in 2003 [143] in a cross-sectional study of barbers in
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Rawalpindi/Islamabad in 1999, showed that only 13% of barbers had knowledge that
hepatitis could be transmitted by contaminated razors. An important consideration
among dental professionals was the risk of percutaneous transmission through
punctures or cuts with instruments infected from HBV patients, or absorption through
the oral cavity. Transmission through saliva can occur as a result of absorption from
mucosal surfaces [144]. It is readily confirmed by the study that there is a very strong
association of hepatitis B on HCC risk. The cigarette smoking was found to be
significantly positively associated present study patients. It is also reported in the
literature that cigarette smoking and HBsAg were independently associated with
increased risk of mortality from HCC [121].
Table 4-25: Comparison between dietary habits of HBV-cirrhosis patients and
controls.
Cases

Controls

Variables
(n=30) Percentage
Frequently consumption
Pluses
Vegetables
Meat
Type of oil used
Branded cooking oil
Non branded oil
Vanaspati Ghee
Rapeseed oil
Type of tea
Strong
Light
Tea with more milk
Tea intake per day
2 cups/ day
3 cups/day
More than 3 cups/day

(n=50)

Percentage

8
15
7

26
50
23

11
20
19

22
40
38

5
7
8
10

16
23
26
33

35
5
4
6

70
10
8
12

3
7
20

10
23
66

20
12
18

40
24
36

20
6
4

66
20
13

23
17
10

46
34
20

Betel quid, areca nut chewing and their alternatives manpuri, gutka, and niswar are an
ancient tradition in Pakistan and Bangladesh [174]. The abnormalities of betel quid
and areca nut chewing are associated with liver functions. Betel quid chewing
produces carcinogens which involved in the initiation of p53 mutation and
overexpression of the c-myc protein with stimulated oncogene and consequent over
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expression of the cell cycle regulatory protein and these changes are happened in the
progression of hepatocarcinogenesis [146]. These interpretations recommended that
an independent outcome and an additive interaction among betel quid chewing and
HBV infection progress into cirrhosis and then HCC.
In the questionnaire the patients were also inquired about their dietary intake under
the questions like their routine and frequent type of diet, the cooking method along
with the use of cooking oil and quantity with a type of tea consumed. According to
their reports dietary components are vegetables (50%), meat (23%), beans (26%).
Food is cooked in different type of oil such as branded cooking oil (16%), nonbranded oil (23%), Vanaspati ghee (26%), rapeseed oil (33%) while on the other
hand majority of patients (66%) consuming tea (with more milk) and (66%) take 2
cups daily (Table 4-25).
4.3.2 SERUM

LIPID PROFILE AS A MARKER OF LIVER IMPAIRMENT IN HEPATITIS

B CIRRHOSIS PATIENTS
The HBV-cirrhosis patients have a significantly lower level (p<0.001) of lipid
profile including total cholesterol, TAG, VLDL–C, LDL–C, HDL–C, and total
lipid in comparison to controls (Table 4-26). The results of the present study
indicated that serum lipid profile is significantly lower in HBV-cirrhosis patients
which indicate that hypolipidemia in patients.

The measured HDL–C is

synthesized in the liver, major injuries to hepatocytes, such as those caused by
alcohol consumption, chronic viral hepatitis or cirrhosis of the liver, might
produce abnormal liver function and a moderate decrease in levels of total
cholesterol and HDL–C [175]. The significantly reduced level of serum total
cholesterol and triglycerides found in present study HBV-cirrhosis patients, has
been confirmed earlier by Ghadir et al., in 2010 [176] who conducted a study on
cirrhosis patients in Iran, revealed that total cholesterol, HDL–C, LDL–C and
triglycerides were all decreased. In patients with cirrhosis, the lower level of
cholesterol indicates the severity of liver cell injury, which is associated with
impairment of the synthetic ability of the liver. The patients have shown that
decreased levels of HDL–C increase the risk of cardiovascular diseases (CVD)
[177].
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Lipid profile contents were comparable in the different age groups of hepatitis B
cirrhosis patients (Table 4-27). The reason was the biosynthetic function of liver
reduced [176].
Table 4-26: Lipid profile of HBV-cirrhosis patients in comparison of controls.
Controls
(n=30)
(mg/dl)
171.43±17.7

Patients
(n=30)
(mg/dl)
96.65±22.24*

VLDL–C

26.48±5.0

16.57±3.8*

LDL–C

110.7±15.7

68.27±17.8*

HDL–C

48.23±7.1

27±9.6*

TAG

132.4±25.4

82.85±19.0*

Total Lipid

612.8±47.9

424.76±63.9*

Lipid profile
Total cholesterol

Values are mean ± standard deviation*Different from HBV-cirrhosis patients with
healthy controls, p<0.001 (t- test).
Lipid profile contents were comparable in hepatitis B cirrhosis male and female
patients (Table 4-28). Ghadir et al., in 2010 [176] reported that severe liver diseases
as the liver function declines. Gender wise comparable results were observed in HBV
cirrhosis patients due to non-functioning of liver.
Table 4-27: Age wise comparison of lipid profile for cirrhosis patients with
Hepatitis B.
Age groups (Years)
31 – 45
(n=11)
(mg/dl)
97.36± 21.4

46 above
(n=13)
(mg/dl)
98.38± 23.6

p value

Total Cholesterol

17 – 30
(n=6)
(mg/dl)
81.50± 24.7

TAG

66.00± 29.6

84.54± 14.4

84.00± 21.3

0.444

HDL-C

18.50± 14.8

28.00± 7.8

27.46± 10.6

0.448

LDL-C

53.00± 32.5

73.91± 14.0

65.85± 18.4

0.256

VLDL-C

13.20± 5.9

16.91± 2.9

16.80± 4.3

0.444

369.00± 101.8

433.82± 52.5

425.69± 69.1

0.435

Lipid profile

Total lipids
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0.62

Table 4-28: Gender wise comparison of lipid profile for cirrhosis patients with
Hepatitis B.

Gender
Lipid profile

Total Cholesterol

Male
(n=18)
(mg/dl)
100.85± 26.2

Female
(n=12)
(mg/dl)
91.75± 16.3

TAG

86.21± 22.6

78.92± 13.7

0.161

HDL-C

26.57±12.6

27.50± 5.0

0.401

LDL-C

67.29± 21.9

69.417± 12.5

0.379

VLDL-C

17.24± 4.5

15.78± 2.7

0.161

430.93± 78.3

417.58± 44.0

0.295

Total lipids
The result of

p value
0.146

TFA composition of HBV-cirrhotic patients in comparison to

controls revealed that palmitic and palmitoleic acids were significantly (p<0.05)
higher while eicosatrienoic, arachidonic, linoleic, eicosapentaenoic, α -linolenic
acids were significantly lower in HBV-cirrhotic patients in comparison to
healthy controls. The myristic, stearic, arachidic and docosenoic acids were low
and lignoceric, myristoleic, docosapentaenoic and docosahexaenoic acids were
non-significantly high. The nervonic and eicosapentaenoic acid are not detected
in HBV-cirrhosis patients. Marker for SCD-∆9 activity i.e. palmitoleic: palmitic
and oleic to stearic acid ratios, were found higher in HBV-cirrhotic patients,
While the ratio of PUFA to SFA was lower in HBV-cirrhosis patients as
compared with control subjects (Table 4-29).
Metabolic changes caused by HBV-cirrhosis are associated with inflammation
and fatty liver. In the current study, we establish that the levels of eicosatrienoic,
arachidonic, linoleic, eicosapentaenoic, α-linolenic acids were significantly
lower in HBV-cirrhotic patients. HBV infection might induce essential FA
deficiency in related diseases, as indicated in the HepG2 cell line study [178].
The arachidonic acid is significantly decreased in HBV-cirrhosis patients. RisticMedic et al., in 2013 [114] reported that in alcoholic liver cirrhosis, plasma
arachidonic acid deficiency is related to higher death rates in patients with
advanced liver cirrhosis, and may be an essential element in the pathogenesis
that altered renal, immunological and coagulation functions in cirrhosis. The
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reduction is observed in the total PUFA level and PUFA/SFA ratio in patients
HBV-cirrhosis.

Possible

reasons

include,

a

poor

dietary

intake

of

eicosapentaenoic and linoleic acid and changes in Δ-5, Δ-6 and Δ-9 desaturase
enzymes activity due to hepatocellular insufficiency [114] and an increased
degradation of PUFA due to lipid peroxidation [179]. The docosapentaenoic acid
is increased in current study patients, similarly, Puri et al., in 2007 [179]
reported in non-alcoholic fatty liver disease higher level of docosapentaenoic
acid was due to impair peroxisomal PUFA metabolism.
The palmitic and palmitoleic acids were significantly high and low stearic are
found in HBV-cirrhosis patients. An impaired FA elongation in cirrhosis may be
due to augmented activity of Δ-9 desaturase and decreased the activity of
elongase could be explained by the decrease in stearic acid and the increase in
palmitoleic acid in cirrhosis patients [180]. The low level of linoleic acid
increase the activity of Δ-9 desaturase [181], in addition to increased levels of
palmitoleic and oleic acid with the FA status usually characterized by low
linoleic acid as observed in malnutrition [182]. High level of palmitic acid in
present study HBV-cirrhosis patients does not seem to be affected by
malnutrition.
The serum FFA profile of HBV-cirrhotic patient’s showed significantly higher
(p<0.05) higher level of palmitic, palmitoleic, stearic and myristoleic acid. The
arachidic, docosenoic, linoleic, arachidonic acids were significantly lower
(p<0.05) in HBV-cirrhotic patients in comparison to controls. The oleic,
docosapentaenoic and docosahexaenoic acid were higher and lignoceric, αlinolenic and eicosatrienoic lower in patients but not significant (Table 4-30).
The palmitic, palmitoleic, stearic and myristoleic acids are elevated in free form
in HBV-cirrhosis patients. Most of the collected works have dedicated on the
lipotoxic properties of FFAs [134, 135]. Malhi et al., in 2006 [135] indicated that
FFAs can have diverse cellular and metabolic response particularly stearic acid
is additional cytotoxic than palmitic acid. Palmitoleic acid reverses the insulin
resistance promoted by palmitic acid. The higher level of stearic, palmitic,
palmitoleic and myristoleic acid in HBV-cirrhosis patients may denote an
adaptive reply to fatty acid excess.
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Table 4-29: Comparison of serum total fatty acids between HBV-cirrhosis
patients and controls.

C – 14:0

Controls
(n=30)
(g/100g)
1.00±0.9

Patients
(n=30)
(g/100g)
0.88±0.7

C - 16 : 0

18.01±4.0

24.54±3.4*

C - 18 : 0

16.00±4.6

15.77±3.4

C - 20 : 0

0.78±0.6

0.21±0.3*

C – 24 : 0

0.02±0.06

0.07±0.2

C - 14 : 1

0.17±0.4

0.26±0.4

C - 16 : 1

2.03±1.6

4.65±0.7*

C - 18 : 1

22.18±4.8

23.70±2.9

C - 22 : 1

1.75±1.4

1.38±0.9

C – 24 : 1

0.18±0.5

ND

C - 18 : 2

28.72±3.3

22.75±3.2*

C - 18 : 3

0.59±0.9

0.12±0.3

C - 20 : 3

1.35±0.9

0.09±0.1*

C - 20 : 4

6.31±1.0

3.57±0.8*

C - 20 : 5

0.71±0.3

ND*

C - 22 : 5

0.33±0.6

0.87±0.8

C - 22 : 6

0.50±0.6

0.51±0.7

C - 16 : 1: C - 16 : 0

0.1

0.2

C - 18 : 1: C - 18 : 0

1.3

1.5

PUFA :SFA

1.5

0.6

Fatty acids

Values are mean ± standard deviation,*shows significant difference from HBVcirrhosis patients with comparison of healthy controls a p<0.05 (t- test). Not
detected (ND), myristic acid (C14:0), myristoleic acid (C14:1), palmitic acid
(C16:0), palmitoleic acid (C16:1), stearic acid (C18:0), oleic acid (C18:1),
linoleic acid (C18:2), α-linolenic acid (C18:3), arachidic acid (C20:0),
eicosatrienoic acid (C-20:3), arachidonic acid (C20:4), eicosapentaenoic acid
(C20:5), docosenoic acid (C22:1), docosahexaenoic acid (C22:6), nervonic
acid(C24:1).
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Table 4-30: Comparison of serum free fatty acid profile between HBV-cirrhosis
patients and controls.

C – 14:0

Controls
(n=30)
(g/100g)
1.29±0.7

Patients
(n=30)
(g/100g)
1.34±0.9

C - 16 : 0

19.84±3.2

24.63±5.1*

C - 18 : 0

14.30±5.6

17.80±6.9

C - 20 : 0

0.82±0.5

0.16±0.3*

C – 24 : 0

0.11±0.1

0.009±0.03

C - 14 : 1

0.14±0.2

0.45±0.4*

C - 16 : 1

2.25±0.8

3.58±1.1*

C - 18 : 1

22.5±5.1

24.36±3.1

C - 22 : 1

1.70±0.8

0.88±0.6*

C - 18 : 2

27.99±3.9

20.48±3.8*

C - 18 : 3

0.29±0.1

0.07±0.1

C - 20 : 3

0.61±0.4

0.18±0.3

C - 20 : 4

5.40±2.4

2.55±1.2*

C - 20 : 5

0.54±0.1

ND*

C - 22 : 5

0.05±0.1

0.12±0.1

C - 22 : 6

0.09±0.2

0.33±0.4*

Fatty acids

Values are mean ± standard deviation,*shows significant difference from HBVcirrhosis patients with comparison of healthy controls a p<0.05 (t- test). Not
detected (ND), myristic acid (C14:0), myristoleic acid (C14:1), palmitic acid
(C16:0), palmitoleic acid (C16:1), stearic acid (C18:0), oleic acid (C18:1),
linoleic acid (C18:2), α-linolenic acid (C18:3), arachidic acid (C20:0),
eicosatrienoic acid (C-20:3), arachidonic acid (C20:4), eicosapentaenoic acid
(C20:5), docosenoic acid (C22:1), docosahexaenoic acid (C22:6), nervonic
acid(C24:1).
The total serum SFA and MUFA were increased significantly (p<0.05) in HBV
cirrhotic patients compared to normal controls and PUFA (n – 3 and n – 6)
contents were lower in HBV-cirrhotic patients in comparison to controls (figure
4-13).
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Figure 4-13: Comparison of serum total SFA, MUFA, PUFA including n-3 and n-6 fatty
acids of controls and HBV-cirrhosis patients.

The SFA, MUFA in free form were elevated and PUFA was lower in HBV
cirrhotic patients as compared to healthy controls. The Significant variation was
seen in FFA including SFA, MUFA, PUFA, and its n-6 form (figure 4-14).
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Figure 4-14: Comparison of free SFA, MUFA, PUFA including n-3 and n-6 fatty acids
of controls and HBV-cirrhosis patient.
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Table 4-31: Odd ratios for HBV-cirrhosis patients and controls according to
quartiles of serum fatty acids.

Odds ratio (95% confidence interval)
Fatty

1st Quartile 2nd Quartile

acids

3rd Quartile

4th Quartile

5th Quartile

Reference

p
value

C – 14:0

1.00

1.5 (0.03-82.4)

2.2 (0.2-35.6)

3.0 (0.1-124.7)

4.5 (0.2-167.1)

0.46

C - 16 : 0

1.00

2.5 (0.2-48.4)

1.7 (0.1-37.0)

1.7 (0.03-101.0)

2.5 (0.2-48.4)

<0.01

C - 18 : 0

1.00

3.0 (0.1-119.0)

4.0 (0.2-176.9)

3.0 (0.03-904.8)

6.0 (0.1-1378)

0.34

C – 20 : 0 1.00

1.7 (0.1-26.2)

1.3 (0.02-84.0)

1.3 (0.1-31.2)

1.3 (0.02-84.0)

0.01

C - 16 : 1

1.00

3.7 (0.2-101.2)

3.3 (0.2-59.4)

2.5 (0.04-196.7)

5.0 (0.2-297.8)

<0.01

C - 18 : 1

1.00

3.7 (0.2-143.1)

3.0 (0.1-141.2)

3.0 (0.03-904.8)

4.0 (0.1-361.0)

0.19

C - 22 : 1

1.00

3.0 (0.1-119.0)

4.0 (1.2-176.9)

3.0 (0.03-904.8)

4.3 (0.1-423.2)

0.23

C - 18 : 2

1.00

0.5 (0.02-8.8)

0.6 (0.03-13.5)

0.6 (0.01-50.0)

0.6 (0.02-19.3)

<0.01

C - 18 : 3

1.00

0.2 (0.005-3.7)

0.2 (0.01-5.6)

0.5 (0.01-25.4)

0.2 (0.01-5.6)

0.05

C - 20 : 4

1.00

0.4 (0.01-10.4)

0.4 (0.01-10.4)

0.7 (0.02-19.3)

0.8 (0.03-17.8)

<0.01

C - 20 : 3

1.00

0.6 (0.03-9.4)

0.3 (0.01-6.6)

0.6 (0.01-29.6)

0.2 (0.005-3.6)

0.02

C - 20 : 5

1.00

1.2 (0.02-62.1)

1.2 (0.02-62.1)

1.8 (0.1-25.9)

1.2 (0.07-19.9)

0.04

C - 22 : 6

1.00

0.3 (0.01-4.9)

0.8 (0.1-12.9)

0.8 (0.02-41.6)

0.8 (0.02-41.6)

0.36

Myristic acid (C14:0), myristoleic acid (C14:1), palmitic acid (C16:0),
palmitoleic acid (C16:1), stearic acid (C18:0), oleic acid (C18:1), linoleic acid
(C18:2), α-linolenic acid (C18:3), arachidic acid (C20:0), eicosatrienoic acid (C 20:3), arachidonic acid (C20:4), eicosapentaenoic acid (C20:5), docosenoic acid
(C22:1), docosahexaenoic acid (C22:6), nervonic acid(C24:1).
Odds ratios were calculated (Table 4-31) for HBV-cirrhosis patients and controls
by quartile of serum fatty acids. The present study found an increased risk of
HBV-cirrhosis progression associated positively with increasing levels of
myristic, palmitic, stearic, palmitoleic, oleic and docosenoic acids. The
significant positive association between serum fatty acids and HBV-cirrhosis
was found when we compared the odds ratio for the highest quartile with the
lowest one including myristic acid 4.5 (95 % CI: 0.2, 167.1; p value = 0.46),
palmitic acid 2.5 (95 % CI: 0.2, 48.4; p value = <0.01), stearic acid 6.0 (95 % CI:
0.1, 1378; p value = 0.34), palmitoleic

5.0 (95 % CI: 0.2, 297.8; p value =

<0.01), oleic acid 4.0 (95 % CI: 0.1, 361.0; p value = 0.19) and docosenoic acids
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odds ratio was4.3 (95 % CI: 0.1, 423.2; p value = 0.23). On the conflicting
PUFA was inversely associated with HBV-cirrhosis progression odds ratio for
the highest quartile with the lowest one including linoleic acid 0.6 (95 % CI:
0.02, 19.3; p value = <0.01), α linolenic acid 0.2 (95 % CI: 0.01, 5.6 ; p value =
0.05), arachidonic acid 0.8

(95 % CI: 0.03, 17.8; p value = <0.01) and

eicosatrienoic acid odds ratio was 0.2 (95 % CI: 0.005, 3.6; p value = 0.02).
The immunomodulating activity is also found in fatty acids [183]. It is the n -3
fatty acids which contain the most potent immunomodulatory activities, and
among the n-3 fatty acids, those from fish oil eicosapentaenoic is more
biologically potent than α- linolenic acid [184]. The hepatitis B antigen
reactivity may be linked with impaired immunity and deficiency of
immunomodulating nutrients, it is possible that these agents can alter immunity
status causing a decrease in antigen reactivity as observed in current study
patients. It is possible that introduction of n-3 fatty acid ease infection rate and
enhance

liver function repossession in HBV-associated hepatic carcinoma

patients after hepatectomy. This enhancement is accompanying with inhibited
production of pro-inflammatory cytokines in these patients [137].
4.3.3 E PIDEMIOLOGICAL RISK FACTORS FOR HCV-CIRRHOSIS PATIENTS
The mean age of controls and all patients were 48.46 years (range, 20 – 90 years)
along with 53% of male. The demographics characteristics of the HCV-cirrhosis
patients and controls is shown in table 4-32. Which shows 76% of married cases.
The 30% of patients are uneducated. The positive family history of HCV
cirrhosis significantly (0.0001) positively associated with HCV-cirrhosis disease.
The positive family history was a risk factor for HCV-cirrhosis in the present
study. Lauer & Walker., in 2001 [185] reported that HCV present in the saliva of
an infected person which could be transferred through household contact. The
interaction with saliva of diseased person might have source for transmission if a
healthy individual has cut or injury, where the saliva of infected person can
emanate in interaction through this contact but virus, is very inefficiently
transferred to un-infected person.
The factors significantly positively associated with the HCV-cirrhosis in
multivariable analysis were dental treatment and shaving from barber shops. The
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strong associations in the dietary habits were also observed in the present study.
Betel leaf with areca nut and tobacco/gutka chewing and smoking were
significantly positively associated with HCV-cirrhosis disease. The significant
positive associations were also found for dental treatment, shaving from
barbershops and positive family history (Table 4-33).
Table 4-32: Demographic characteristics of HCV-cirrhosis patients and controls.
Variables
Education
No education
Primary
Matric
Intermediate
Graduation and above
Marital status
Married
Unmarried
Family history
Positive
Negative

Cases
(n=50)

Controls
(n=100)

Odds
ratio

95%Confidence
intervals

p
value

15
12
6
10
7

20
24
18
23
15

1.61
1.07
0.71
0.93
1.00

0.459 – 5.731
0.300 – 3.871
0.163– 3.091
0.250 – 3.489
(Reference)

0.579
0.129
0.853
1.000

38
12

70
30

1.36
1.00

0.586 – 3.80
(Reference)

0.562

28
22

18
82

5.79
1.00

2.553 – 13.308
(Reference)

0.0001

The link of a dental invasive procedure with viral hepatitis C infection is a
reported risk factor and all time possibility of HCV infection transmission during
dental invasive procedures. This type of transmission is most substantial in
developing countries where the higher prevalence of hepatitis C infection is
observed. The positive association of tooth extraction and viral hepatitis was
found along with the role of dental treatment as self-determining viral hepatitis
risk factor, whereas socioeconomic status along with other situations of the
contributors correspondingly disturbs the final outcomes. The persons with lower
socioeconomic status exposed to viral hepatitis risk factors, usage of inexpensive
dental cares such as tooth extraction occasionally accomplished by fake dentists
due to economical restrictions [119].
Shaving from barber shop is a risk factor for transmission of HCV as ear lier
discussed. Bari et al., in 2001 [186] reported that delicate skin possibly
undergoes micro trauma initiating the contact of HCV through contaminated
razor. The positive association of cigarette smoking with HCV-cirrhosis was
supported by the literature. HCV mostly action as a developer through chronic
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inflammation and cell proliferation by chronic hepatitis and liver cirrhosis. The
cigarette smoking might contribute to development of chronic HCV and HBV
infection to HCC [145].
Table 4-33: Epidemiological risk factors for HCV-cirrhosis patients and controls.
Variables
Unani/Homeopathic treatment
Yes
No
Self-medication
yes
No
Dental treatment
Yes
No
History any surgery
Positive
Negative
Blood transfusion
Yes
No
Barber shave
Shop
Both self and shop
Self
piercing (Ear/ Nose)
Yes
No
Addiction
Areca nut
Betel leaf with areca nut and
tobacco/Gutka
No addiction
Smoking
No smoking

Cases
(n=50)

Controls
(n=100)

Odds
ratio

95%Confidence
intervals

p
value

13
37

24
76

1.11
1.00

0.473 – 2.596
(Reference)

0.947

10
40

20
80

1.00
1.00

0.392 – 2.515
(Reference)

1.000

32
18

38
62

2.90
1.00

1.355 – 6.250
(Reference)

0.005

18
32

30
70

1.31
1.00

0.601 – 2.860
(Reference)

0.577

18
32
(n=27)
12
7
8

33
67
(n=42)
5
8
29

1.14
1.00

0.527 – 2.469
(Reference)

0.855

8.70
3.17
1.00

2.015 – 40.459
0.741 – 13.951
(Reference)

0.001
0.096
0.798

26
24

44
56

1.37
1.00

0.660 – 2.883
(Reference)

0.452

18
6

24
8

1.96
1.96

0.857 – 4.496
0.538 – 7.064

0.080
0.245

26
26
24

68
38
62

1.00
1.76
1.00

(Reference)
0.842 – 3.721
(Reference)

0.144

According to the reports of patients types of food consumed routinely are of
vegetables (46%), meat (24%), beans (30%). Food was cooked in different types
of oil such as branded cooking oil (18%), non-branded oil (20%), Vanaspati
ghee (22%), rapeseed oil (40%) etc. while on the other hand majority of patients
(46%) consuming tea and (48%) take 2 cups daily (Table 4-34).
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Table 4-34: Dietary habits of HCV-cirrhosis patients and controls.
Variables

Cases
(n=50) Percentage

Frequent consumption
Pluses
Vegetables
Meat
Type of oil
Branded cooking oil
Non-branded oil
Vanaspati Ghee
Rapeseed oil
Type of tea
Strong
Light
Tea with more milk
Tea intake per day
2 cups/ daily
3 cups/ daily
More than 3 cups/ daily
4.3.4 H YPOLIPIDEMIA

Controls
(n=100) Percentage

15
23
12

30
46
24

37
26
39

37
26
39

9
10
11
20

18
20
22
40

60
15
13
12

60
15
13
12

9
18
23

18
36
46

28
40
32

28
40
32

24
18
8

48
36
16

52
38
10

52
38
10

AND ALTERATIONS IN THE SERUM LIPIDS PROMOTE

HEPATIC LIPOTOXICITY IN

HCV-CIRRHOSIS PATIENTS

Lipid metabolism characterized an influential approach to obtain an inclusive
representation of formal pathways for metabolism in the definite diseases. It is
imperative to note that metabolic studies provide just a snapshot of the alteration
in the metabolism and the circulating lipids do not give direct evidence
concerning changes in the liver. Despite this caution the investigations of the
circulating lipids make available novel and precious insights into the state of
whole-body lipid metabolism as observed in the present study which was
designed for patients with HCV-cirrhosis. The patients with HCV-cirrhosis have
a significantly lower level (p<0.05) of lipid profile including total cholesterol,
triglycerides, VLDL–C, LDL–C, HDL–C and total lipids in comparison to
controls (Table 4-35).
The present study shows that patients with HCV liver cirrhosis had significantly
lower serum lipid levels of all six studied variables (HDL–C, LDL–C, VLDL–C,
TAG, total cholesterol and total lipid) indicative of hypolipidemia in patients
with HCV-cirrhosis than healthy controls. The hypolipidemia, particularly
reduced HDL–C level is a major risk factor for cardiovascular diseases [177].
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Table 4-35: Comparison of lipid profile between HCV-cirrhosis patients and
controls.

Cholesterol

Controls
(n=50)
(mg/dl)
170.92±19.1

Patients
(n=50)
(mg/dl)
77.77±26.2*

TAG

139.05±20.9

65.53±23.8*

27.81±0.5

5.78±0.9*

LDL–C

109.91±20.5

54.93±30.3*

HDL–C

49.36±7.2

18.96±11.7*

469.25±53.9

360.73±90.6*

Lipid Profile

VLDL–C

Total lipid

Values are mean ± standard deviation*Different from HCV-cirrhosis patients
with healthy controls, p<0.001 (t- test).
The hypolipidemia is reported in severe liver diseases due to decline in synthetic
function of the liver. Moreover, Phukan et al., in 2013 [187] has also described
lower levels of total cholesterol, HDL–C and VLDL–C in plasma of patients
with alcoholic liver cirrhosis. Our findings confirmed by other studies [188]
which revealed an alteration of lipid metabolism in advanced stages of liver
cirrhosis principally due to changes in hepatocytes.
Table 4-36: Age wise comparison of lipid profile for cirrhosis patients with
Hepatitis C.
Lipid profile
(mg/dl)

Age groups (Years)

p
value

Total Cholesterol

17 – 30
(n=8)
79.60± 20.7

31 – 45
(n=19)
80.78± 26.4

45 above
(n=23)
75.50± 28.9

0.884

TAG

66.00± 21.3

66.89± 23.9

64.62± 25.9

0.975

HDL-C

20.40± 13.1

19.33± 12.8

18.12± 11.4

0.926

LDL-C

49.80± 24.8

58.78± 33.7

54.37± 31.4

0.871

5.53± 0.9

5.72± 0.8

5.89± 0.9

0.732

351.40± 72.7

367.00± 97.2

360.12± 96.9

0.955

VLDL-C
Total lipids
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Lipid profile contents were comparable in the different age groups of hepatitis C
cirrhosis patients (Table 4-36). The reason was alteration in the biosynthetic
function of the liver [176].
Lipid profile contents were comparable in hepatitis C cirrhosis male and female
patients (Table 4-37). Ghadir et al., in 2010 [176] reported that severe liver
diseases as the liver function declines. Gender wise comparable results were
observed in HCV cirrhosis patients due to non-functioning of liver.
Table 4-37: Gender wise comparison of lipid profile for cirrhosis patients with
Hepatitis C.
Gender
p
Value

Total Cholesterol

Male
(n=27)
(mg/dl)
77.69± 28.7

Female
(n=23)
(mg/dl)
77.86± 24.2

TAG

64.12± 22.9

67.14± 25.7

0.369

HDL

18.87± 13.2

18.86± 10.4

0.498

LDL

57.50± 35.1

52.00± 24.7

0.31

5.88± 0.9

5.67± 0.9

0.272

361.19± 99.3

360.21± 83.4

0.488

Lipid profile

VLDL
Total lipids

0.493

The further analysis was performed to examine the relationship of FA to hepatic
lipotoxicity in HCV-cirrhosis patients. The result of total FA composition of
HCV-cirrhotic patients in comparison to controls revealed that palmitic and
palmitoleic acids were significantly (p<0.05) higher while docosenoic,
arachidonic, eicosapentaenoic and linoleic acids were significantly lower in the
serum of HCV-cirrhosis patients. The lignoceric, arachidic, myristoleic,
nervonic, α-linolenic, docosahexaenoic and eicosatrienoic acid were not detected
in the serum of HCV-cirrhosis patients.
The palmitoleic: palmitic and oleic: stearic acid ratios, which are considered as a
marker for Δ9-SCD activity which was found higher in HCV-cirrhotic patients.
While ratio between PUFA and SFA was lower in HCV-cirrhosis patients as
compared to controls (Table 4-38).
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Table 4-38: Comparison of serum total fatty acid composition between HCVcirrhosis patients and controls.

Fatty acids

C – 14:0

Controls
(n=50)
(g/100g)
1.24±0.9

Patients
(n=50)
(g/100g)
1.33±1.5

C - 16 : 0

18.34±4.4

25.85±6.4*

C - 18 : 0

17.63±5.6

17.41±7.2

C - 20 : 0

0.69±0.7

ND

C – 24 : 0

0.12±0.3

ND

C - 14 : 1

0.37±0.6

ND

C - 16 : 1

2.07±1.5

5.56±3.0*

C - 18 : 1

21.69±3.9

23.27±8.3

C - 22 : 1

1.61±1.3

0.23±0.8*

C – 24 : 1

0.14±0.5

ND

C - 18 : 2

26.03±4.4

19.50±6.8*

C - 18 : 3

0.70±1.4

ND

C - 20 : 3

1.17±2.1

ND

C - 20 : 4

6.89±1.3

5.30±3.5*

C - 20 : 5

0.98±0.7

0.37±0.8*

C - 22 : 5

0.72±1.6

ND

C - 22 : 6

0.37±0.5

0.38±1.0

C - 16 : 1: C - 16 : 0

0.1

0.2

C - 18 : 1: C - 18 : 0

1.2

1.3

PUFA :SFA

0.9

0.5

Values are mean ± standard deviation*significant difference of HCV-cirrhosis
patients with healthy controls, a p<0.05 (t- test). Not detected (ND), myristic
acid (C14:0), myristoleic acid (C14:1), palmitic acid (C16:0), palmitoleic acid
(C16:1), stearic acid (C18:0), oleic acid (C18:1), linoleic acid (C18:2), αlinolenic acid (C18:3), arachidic acid (C20:0), eicosatrienoic acid (C -20:3),
arachidonic acid (C20:4), eicosapentaenoic acid (C20:5), docosenoic acid
(C22:1), docosahexaenoic acid (C22:6), nervonic acid(C24:1).
The results have shown significantly (<0.05) reduced circulating levels of
essential fatty acids linoleic and α-linolenic acid in HCV-cirrhosis patients which
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are owed to the shortage of dietetic essential fatty acids. Low levels of linoleic,
arachidonic and α-linolenic acids were highly responsible for the observed
reduction in the total PUFA status and PUFA: SFA ratio in patients with HCV cirrhosis. Possible reasons include changes of Δ-6, Δ-5 and Δ-9 desaturase
activity due to hepatocellular insufficiency [114].
High level of palmitic acid in HCV-cirrhosis patients found possibly due to an
impaired FA elongation in cirrhosis patients. The hypothesis of decreased
elongase and increased Δ-9 desaturase activity could be explained the decreases
in stearic acid and the increases in palmitoleic acid in patients. The higher ratio
of MUFA: SFA shows augmented activity of the Δ-9 SCD enzyme, sterol
regulatory element binding protein-1c target [189]. This is further confirmed by
the increased levels of palmitoleic: palmitic and oleic: stearic acid ratios in
patients with decreased levels of downstream metabolites arachidic and
lignoceric acids. A similar finding has been reported for non-alcoholic
steatohepatitis patients [131].
The serum FFA profile of HCV-cirrhotic patient’s shown a higher level of
palmitic, palmitoleic, stearic and oleic acids and significant differences were
observed in palmitic and palmitoleic acids. The docosenoic and linoleic acids
were significantly lower (p<0.05) in HCV-cirrhotic patients in comparison to
controls. The lignoceric and DPA were not detected in patients (Table 4-39).
The concentration of palmitic, oleic, palmitoleic and stearic acids were increased
in free form in HCV-cirrhosis patients. Malhi et al., in 2006 [136] reported that
apoptosis in hepatocytes caused through FFAs. The cellular steatosis is produced
due to FFAs, while saturated FFAs are highly toxic than monounsaturated.
Therefore palmitic and stearic acid showed greater cytotoxicity than palmitoleic
and oleic acid. Due to alternative pathways of lipid metabolism (for instance
modulation of death receptor expression, ceramide synthesis and putative
mechanisms of direct activation of cellular proapoptotic machinery,) the reactive
oxygen species are formed which promote the hepatic lipotoxicity in HCVcirrhosis patients. The other possible mechanism linking serum FFA with HCV cirrhosis is the impaired ability of the liver to export or utilize FFA. It might be
explained that during the beta oxidation, the larger part of FFAs was entered
inside the hepatocytes and utilized for the production of triglyceride which in
turn produce the component of VLDL–C particles exported into the blood [190].
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It has been conventional that in nonalcoholic fatty liver disease (NAFLD )
patients, the beta oxidation of FFA and export of VLDLs in the liver was altered
resulting from an imbalance with elevated serum levels of FFA [191].
Table 4-39: Comparison of serum free fatty acid composition between HCVcirrhosis patients and controls.

C – 14:0

Controls
(n=50)
(g/100g)
1.49±0.8

Patients
(n=50)
(g/100g)
1.53±1.8

C - 16 : 0

18.31±3.9

22.28±6.7*

C - 18 : 0

15.89±4.1

16.15±6.5

C - 20 : 0

0.84±0.9

1.01±2.9

C – 24 : 0

0.15±0.3

ND

C - 14 : 1

0.38±0.4

0.39±1.1

C - 16 : 1

2.59±0.9

4.38±2.5*

C - 18 : 1

21.54±4.5

23.5±6.0

C - 22 : 1

1.63±0.9

0.72±1.3*

C – 24 : 1

0.10±0.4

0.51±1.7

C - 18 : 2

28.18±4.8

20.35±7.8*

C - 18 : 3

0.68±1.1

0.49±1.6

C - 20 : 3

0.49±0.6

0.47±1.0

C - 20 : 4

5.64±2.3

5.25±2.9

C - 20 : 5

0.62±1.1

0.29±2.1

C - 22 : 5

0.03±0.1

ND

C - 22 : 6

0.15±0.4

0.47±1.5

Fatty acids

Values are mean ± standard deviation*significant difference of HCV-cirrhosis
patients with healthy controls, a p<0.05 (t- test). Not detected (ND), myristic
acid (C14:0), myristoleic acid (C14:1), palmitic acid (C16:0), palmitoleic acid
(C16:1), stearic acid (C18:0), oleic acid (C18:1), linoleic acid (C18:2), α linolenic acid (C18:3), arachidic acid (C20:0), eicosatrienoic acid (C -20:3),
arachidonic acid (C20:4), eicosapentaenoic acid (C20:5), docosenoic acid
(C22:1), docosahexaenoic acid (C22:6), nervonic acid(C24:1).
Interestingly the total serum SFA and MUFA was increased significantly
(p<0.05) in HCV cirrhotic patients when compared with normal controls. This
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was attributable to increased concentrations of palmitic, palmitoleic and oleic
acids. PUFA (n–3 and n–6 contents were lower in HCV-cirrhotic patients in
comparison to controls (figure 4-15).

60
50

p<0.001

g/100g

40

p<0.01

p<0.05

30
20
10

p<0.001

0
SFA

MUFA

PUFA
Controls

PUFA(n-3)

PUFA(n-6)

Patients

Figure 4-15: Comparison of serum SFA, MUFA, PUFA including n-3 and n-6 fatty

g/100g

acids in total FA composition of controls and HCV-cirrhosis patients.
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p<0.01
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PUFA(n-3)
Controls
Patients

p<0.001

PUFA(n-6)

Figure 4-16: Comparison of serum free SFA, MUFA, PUFA including n-3 and n-6 fatty
acids in free FA composition of controls and HCV-cirrhosis patients.
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The free SFA, MUFA were elevated and PUFA was lower in HCV-cirrhotic
patients. The Significant variation was seen in free fatty acids including SFA,
MUFA, PUFA, and its n-6 form (figure 4-16).
Table 4-40: Odd ratios for HCV-cirrhosis patients and controls according to
quartiles of serum fatty acids.
Odds ratio (95% confidence interval)
Fatty

1st Quartile
Reference

2nd Quartile

3rd Quartile

5th Quartile

value

C – 14: 0

1.00

1.0 (0.08-5.2)

1.0 (0.1-4.6)

1.0 (0.1-3.2)

2.2 (0.3-22.5)

0.39

C - 16 : 0

1.00

2.2 (0.2-35.6)

2.0 (0.2-20.8)

2.5 (0.2-29.8)

7.0 (0.8-92.6)

<0.01

C - 18 : 0

1.00

2.1(0.3-14.4)

1.1 (0.2-7.9)

1.2 (0.2-7.2)

2.5 (0.4-16.2)

0.45

C - 16 : 1

1.00

1.5 (0.1-20.4)

1.5 (0.03-61.4)

3.0 (0.1-89.2)

5.2 (0.7-54.2)

<0.01

C - 18 : 1

1.00

1.1 (0.09-12.8)

1.9 (0.4-9.6)

2.3 (0.4-14.5)

2.8 (0.4-23.4)

0.18

C - 22 : 1

1.00

1.2 (0.2-6.9)

1.0 (0.2-5.9)

1.4 (0.2-9.6)

1.7 (0.1-23.1)

<0.01

C - 18 : 2

1.00

0.8 (0.1-5.0)

0.8 (0.1-5.0)

0.7 (0.1-4.5)

0.8 (0.06-12.9)

<0.01

C - 20 : 4

1.00

0.1 (0.005-0.5)

0.1 (0.009-0.9)

0.1(0.01-1.0)

0.1 (0.001-2.0)

0.02

C - 20 : 5

1.00

0.1 (0.005-1.8)

0.1 (0.01-0.6)

0.2 (0.03-1.2)

0.2 (0.006-3.5)

0.01

C - 22 : 6

1.00

0.1 (0.01-1.1)

0.1 (0.004-1.7)

0.1 (0.02-0.9)

0.1 (0.02-0.9)

0.03

acids

4th Quartile

p

Myristic acid (C14:0), myristoleic acid (C14:1), palmitic acid (C16:0),
palmitoleic acid (C16:1), stearic acid (C18:0), oleic acid (C18:1), linoleic acid
(C18:2), α-linolenic acid (C18:3), arachidic acid (C20:0), eicosatrienoic acid (C 20:3), arachidonic acid (C20:4), eicosapentaenoic acid (C20:5), docosenoic acid
(C22:1), docosahexaenoic acid (C22:6), nervonic acid(C24:1).
Odds ratios were calculated (Table 4-40) for HCV-cirrhosis patients and controls
by quartile of serum fatty acids. The present study found an increased risk of
HCV-cirrhosis progression associated positively with increasing levels of
myristic, palmitic, stearic, palmitoleic, oleic and docosenoic acids. The
significant association between serum fatty acids and HCV-cirrhosis was found
when we compared the odds ratio for the highest quartile with the lowest one.
For myristic acid odd ratio was found significant as 2.2 (95 % CI: 0.3, 22.5; p
value = 0.39), for palmitic acid 7.0 (95 % CI: 0.8, 92.6; p value = <0.01), stearic
acid 2.5 (95 % CI:0.4, 16.2; p value = 0.45), palmitoleic 5.2 (95 % CI:0.7, 54.2;
p value = <0.01),oleic acid 2.8 (95 % CI: 0.4, 23.4; p value = 0.18) and
98

docosenoic acids odds ratio was 1.7 (95 % CI: 0.1, 23.1; p value = <0.01). On
the contrary PUFA was inversely associated with HCV-cirrhosis progression.
Odds ratio for the highest quartile with the lowest one was calculated as linoleic
acid 0.8 (95 % CI: 0.06, 12.9; p value = <0.01), arachidonic acid 0.1 (95 % CI:
0.001, 2.0; p value = <0.02), eicosapentaenoic acid 0.2 (95 % CI: 0.006, 3.5; p
value = 0.01) and docosahexaenoic acids odds ratio was 0.1 (95 % CI: 0.02, 0.9;
p value = 0.03).
The current study shows that HCV-cirrhosis progression was surely associated
with amplified levels of SFA and MUFA including myristic, palmitic, stearic,
palmitoleic, oleic and docosenoic acids, whereas PUFA was inversely correlated
with HCV-cirrhosis progression. The SFA and MUFA association with HCV
have been supported by the literature [153], authors have concluded that an
increase in SFA and MUFA enhances HCV replication, whereas an increase in
PUFA such as docosahexaenoic, arachidonic, and eicosapentaenoic acids reduces
HCV replication in vitro. Huang et al., in 2007 [167] showed that arachidonic
acid inhibited HCV replication by increasing lipid peroxidation via a decrease in
the amount of HCV RNA. Undurti Das in 2008 [192] reported that subjects with
lower levels or marginally deficient in PUFAs are more likely to develop HCV,
HIV, malaria, and bacterial infections.

4.4 ASSOCIATION

OF SERUM LIPID PROFILE AMONG HEPATITIS

B, C

AND CIRRHOSIS PATIENTS

The comparison of serum lipid contents including total cholesterol, VLDL–C,
LDL–C, HDL–C, TAG and total lipids for all four groups are given in table 4-41.
There were statistically significant differences in all parameters of lipid profile
in HBV-cirrhosis to HCV-cirrhosis, HBV to HBV-cirrhosis, and HCV to HCVcirrhosis patients. Only HDL–C and total lipid differences were not significant in
HBV to HCV patients and LDL-C in the case of HCV patients to HBV-cirrhosis
patient’s serum lipids. We found significantly higher total cholesterol, VLDL –
C, and TAG in hepatitis C patients in comparison to hepatitis B and cirrhosis
patients. A number of lipid metabolic pathways were disrupted by HCV infection
resulting in the increased cholesterol, altered phospholipid metabolism and
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possible disruption in mitochondrial FA transport (Roe et al., 2011). The LDL –
C and HDL – C were significantly higher in hepatitis B patients among all viral
diseases. Mohamadkhani et al., in 2010 [193] reported that the level of HDL – C
is inversely associated with the viral load of hepatitis B and C.
Table 4-41: Comparison between hepatitis B, C, HBV-cirrhosis and HCVcirrhosis patients.
Hepatitis B
Patients
(n=50)
(mg/dl)
113.17±17.1 a

Hepatitis C
Patients
(n=50)
(mg/dl)
159.70±13.8 b

HBV-cirrhosis
Patients
(n=30)
(mg/dl)
96.65±22.24c

HCV-cirrhosis
Patients
(n=50)
(mg/dl)
77.77±26.2d

VLDL– C

19.87±3.6a

22.80±4.4 b

16.57±3.8 c

5.78±0.9d

LDL– C

87.10±23.5a

82.90±12.1b

68.27±17.8b

54.93±30.3c

HDL– C

34.27±9.8a

30.30±9.6a

27.00±9.6b

18.96±11.7c

TAG

99.37±17.9a

114.00±1.3b

82.85±19.0c

65.53±23.8d

Total Lipid

478.03±59.1a

496.30±6.6a

424.76±63.9b

360.73±90.6c

Lipid Profile

Total Cholesterol

Different alphabets (a, b, c, d) shows statistical differences in a row (p<0.05);
Interaction used for statistical difference are HBV to HCV, HCV to HBVcirrhosis , HBV-cirrhosis to HCV-cirrhosis , HBV to HBV-cirrhosis, and HCV to
HCV-cirrhosis.
The hepatitis B and C virus used to alter the cholesterol metabolic pathway by
cholesterol precursor accumulation and mediated changes in gene function. The
comparison of serum total fatty acid profile among hepatitis B, C and cirrhosis
(HBV/HCV) patients are compiled in table 4-42.
The lignoceric, oleic, nervonic, docosapentaenoic, docosahexaenoic acid were
significantly

up-regulated

and

myristic,

docosenoic,

arachidonic,

eicosapentaenoic acid significantly down regulated in hepatitis B patients in
comparison of hepatitis C. This dysregulation in hepatitis B patients is possibly
due to modification in the metabolism of host cells to support its replication and
expression by HBV as supported by Li et al., in 2010 [194].
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Table 4-42: Comparison of total fatty acids profile among Hepatitis B, C, HBVcirrhosis and HCV-cirrhosis patients.
Fatty
acids
C – 14:0

Hepatitis B
Patients
(n=50)
(g/100g)
2.04±0.6a

Hepatitis C
Patients
(n=50)
(g/100g)
2.4 ± 0.65b

HBV-cirrhosis
Patients
(n=30)
(g/100g)
0.88±0.7c

HCV-cirrhosis
Patients
(n=50)
(g/100g)
1.33±1.5c

C - 16 : 0

27.95±3.3a

27.2 ± 0.93ac

24.54±3.4b

25.85±6.4bc

C - 18 : 0

13.27±5.5a

13.9 ± 2.2a

15.77±3.4a

17.41±7.2a

C - 20 : 0

0.43±0.3a

0.3 ± 0.1a

0.21±0.3b

NDc

C – 24 : 0

0.10±0.2ac

NDb

0.07±0.2bc

NDb

C - 14 : 1

0.46±0.3a

0.3 ± 0.02ab

0.26±0.4a

NDb

C - 16 : 1

3.55±0.8ac

3.5 ± 0.4ae

4.65±0.7ad

5.56±3.0af

C - 18 : 1

21.64±4.0a

20.3 ± 0.95b

23.70±2.9c

23.27±8.3c

C - 22 : 1

1.92±0.6a

2.5 ± 0.33b

1.38±0.9c

0.23±0.8d

C – 24 : 1

0.09±0.2a

NDb

NDb

NDb

C - 18 : 2

21.48±3.4a

21.3 ± 0.5ab

22.75±3.2a

19.50±6.8b

C - 18 : 3

0.31±0.3a

0.5 ± 0.3ab

0.12±0.3a

NDac

C - 20 : 3

0.22±0.3a

0.1 ± 0.2ab

0.09±0.1a

NDac

C - 20 : 4

4.12±0.9a

5.2 ± 0.2b

3.57±0.8ac

5.30±3.5bd

C - 20 : 5

0.13±0.2a

0.5 ± 0.1b

NDc

0.37±0.8 bd

C - 22 : 5

0.79±0.5a

NDb

0.87±0.8ac

ND bd

C - 22 : 6

0.41±0.4a

NDb

0.51±0.7ac

0.38±1.0c

Different alphabets (a, b, c, d, e, f) shows statistical differences in a row (p<
0.05); Interaction used for statistical difference are HBV to HCV, HCV to HBV cirrhosis, HBV-cirrhosis to HCV-cirrhosis, HBV to HBV cirrhosis, HBV to HBV
cirrhosis and HCV to HCV cirrhosis. Not detected (ND), myristic acid (C14:0),
myristoleic acid (C14:1), palmitic acid (C16:0), palmitoleic acid (C16:1), stearic
acid (C18:0), oleic acid (C18:1), linoleic acid (C18:2), α-linolenic acid (C18:3),
arachidic acid (C20:0), eicosatrienoic acid (C-20:3), arachidonic acid (C20:4),
eicosapentaenoic acid (C20:5), docosenoic acid (C22:1), docosahexaenoic acid
(C22:6), nervonic acid(C24:1).
When we compared the results of serum total HBV-cirrhosis to HCV-cirrhosis
patients, significantly higher level of arachidic, lignoceric, myristoleic,
docosenoic, linoleic and docosapentaenoic and docosahexanoic acid were found
while arachidonic and eicosapentaenoic acid were lower in HBV-cirrhosis
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patients in comparison to HCV-cirrhosis patients. Puri et al., in 2009 [131] also
reported the FA metabolism in nonalcoholic steatohepatitis and concluded that
docosapentaenoic acid are largely metabolized to docosahexanoic acid by
oxidation and chain reduction in peroxisomes. There is impaired peroxisomal
PUFA metabolism and an increase in levels of non-enzymatic oxidation products
of arachidonic acid.
Table 4-43: Comparison of SFA, MUFA, PUFA including n-3 and n-6 fatty acids
in total form among Hepatitis B, C and cirrhosis patients.
Fatty acids

SFA

Hepatitis B
Patients
(n=50)
(g/100g)
43.80± 4.1a

Hepatitis C
Patients
(n=50)
(g/100g)
43.80± 1.2a

HBV-cirrhosis
Patients
(n=30)
(g/100g)
41.47± 4.0b

HCV- Cirrhosis
Patients
(n=50)
(g/100g)
44.59± 4.4b

MUFA

27.68± 4.2a

26.70± 0.7a

29.98± 2.7b

29.05± 4.8b

PUFA

27.48± 4.3a

27.60± 0.6a

27.92± 2.3a

25.56± 4.5a

PUFA (n - 6)

26.58± 4.0a

26.50± 0.4a

27.29± 2.4a

24.80± 4.2a

PUFA(n - 3)

0.9± 0.7a

1.10± 0.2a

0.63± 0.8a

0.70± 0.8a

Different alphabets (a, b) shows statistical differences in a row (p<0.05);
Interaction used for statistical difference are HBV to HCV, HCV to HBV cirrhosis, HBV-cirrhosis to HCV-cirrhosis, HBV to HBV cirrhosis, and HCV to
HCV cirrhosis.
The comparison of SFA, MUFA, PUFA including n-3 and n-6 in total fatty acids
among hepatitis B, C and cirrhosis (HBV/HCV) patients, had shown no
significant variations (Table 4-43).
The comparison of serum free fatty acid profile among hepatitis B, C and
cirrhosis (HBV/HCV) patients are shown in table 4-44. The myristic, nervonic,
arachidonic acid were significantly down regulated while docosapentaenoic acid
was up-regulated in HBV cirrhosis patients in comparison to HCV cirrhosis
patients.
Previously Yamaguchi et al., in 2007 [195] has reported increased lipogenesis
and TAG synthesis, protect hepatocytes from injury in mouse model. The author
has also concluded that the body adapted to systemic lipid overload by increased
lipogenesis and altered FFA metabolism, which has a protective effect against
lipotoxicity in hepatitis B, C and cirrhosis patients.
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Table 4-44: Comparison of serum free fatty acids profile among Hepatitis B, C,
HBV-cirrhosis and HCV-cirrhosis patients.
Fatty
acids
C – 14:0

Hepatitis B
Patients
(n=50)
(g/100g)
1.61±0.6a

Hepatitis C
Patients
(n=50)
(g/100g)
2.05 ± 0.02b

HBV-cirrhosis
Patients
(n=30)
(g/100g)
1.34±0.9a

HCV-cirrhosis
Patients
(n=50)
(g/100g)
1.53±1.8b

C - 16 : 0

28.70±4.5a

27.20 ± 2.0a

24.63±5.1b

22.28±6.7b

C - 18 : 0

18.60±6.4a

12.03 ± 2.9b

17.80±6.9ac

16.15±6.5bc

C - 20 : 0

0.08±0.2a

0.11 ± 0.7bc

0.16±0.3a

1.01±2.9ac

C – 24 : 0

0.12±0.2a

ND b

0.009±0.03 b

ND b

C - 14 : 1

0.65±0.3ad

1.10 ± 0.2b

0.45±0.4cd

0.39±1.1c

C - 16 : 1

3.39±0.3a

3.70 ± 0.2a

3.58±1.1a

4.38±2.5a

C - 18 : 1

21.52±3.7a

20.70 ± 1.2a

24.36±3.1b

23.5±6.0 b

C - 22 : 1

1.37±0.8a

2.50 ± 0.4b

0.88±0.6c

0.72±1.3c

C – 24 : 1

0.11±0.3a

NDb

NDb

0.51±1.7c

C - 18 : 2

19.50±3.4a

22.50 ± 1.9b

20.48±3.8 ab

20.35±7.8b

C - 18 : 3

0.08±0.2a

0.30 ± 0.2b

0.07±0.1ac

0.49±1.6bc

C - 20 : 3

0.02±0.05a

0.30 ± 0.2b

0.18±0.3ab

0.47±1.0b

C - 20 : 4

3.04±1.1a

4.90 ± 0.6b

2.55±1.2a

5.25±2.9b

C - 20 : 5

0.03±0.1a

0.20 ± 0.3b

ND ac

0.29±2.1bc

C - 22 : 5

0.05±0.1a

NDb

0.12±0.1ac

ND bd

C - 22 : 6

0.63±0.8a

NDb

0.33±0.4 ac

0.47±1.5 bc

Different alphabets (a, b, c, d) shows statistical differences in a row (p<0.05);
Interaction used for statistical difference are HBV to HCV, HCV to HBV cirrhosis , HBV-cirrhosis to HCV-cirrhosis , HBV to HBV cirrhosis and HCV to
HCV cirrhosis. Not detected (ND), myristic acid (C14:0), myristoleic acid
(C14:1), palmitic acid (C16:0), palmitoleic acid (C16:1), stearic acid (C18:0),
oleic acid (C18:1), linoleic acid (C18:2), α-linolenic acid (C18:3), arachidic acid
(C20:0), eicosatrienoic acid (C-20:3), arachidonic acid (C20:4), eicosapentaenoic
acid (C20:5), docosenoic acid (C22:1), docosahexaenoic acid (C22:6), nervonic
acid(C24:1).
Table 4-45 shows the comparison of SFA, MUFA, PUFA including n-3 and n-6
fatty acids in free form among Hepatitis B, C and cirrhosis patients. The results
are showing that hepatitis B patients have significantly higher level of SFA and
lower level of PUFA as compared to hepatitis C patients. HBV cirrhosis patients
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showed the significantly lower level of PUFA in comparison to HCV cirrhosis
patients.
Table 4-45: Comparison of serum SFA, MUFA, PUFA including n-3 and n-6
fatty acids in free form among Hepatitis B, C and cirrhosis patients.

SFA

Hepatitis B
Patients
(n=50)
(g/100g)
49.12± 4.0a

Hepatitis C
Patients
(n=50)
(g/100g)
41.40± 3.0bc

HBV-cirrhosis
Patients
(n=30)
(g/100g)
43.94± 3.2b

HCV- Cirrhosis
Patients
(n=50)
(g/100g)
40.99± 4.7bd

MUFA

27.06± 3.5a

28.10± 1.4a

29.28± 2.7b

29.57± 4.5b

PUFA

23.36± 3.7ac

28.20± 1.8bd

23.74± 3.1c

27.35± 5.1d

PUFA (n - 6)

22.62± 3.7a

27.40± 1.7b

23.33± 3.5ac

26.09± 4.4bc

PUFA(n - 3)

0.75± 0.6a

0.80± 0.1a

0.41± 0.5a

1.27± 1.0a

Fatty acids

Different alphabets (a, b, c, d) shows statistical differences in a row (p<0.05);
Interaction used for statistical difference are HBV to HCV, HCV to HBV cirrhosis , HBV-cirrhosis to HCV-cirrhosis , HBV to HBV cirrhosis and HCV to
HCV cirrhosis.
The current study provides the information about the changes associated with
lipid metabolism in hepatitis B, C and cirrhosis patients. It also provides direct
information about the state of lipid metabolism in liver of all viral diseases. It is
concluded that significant upregulation might be a biomarker in hepatitis B, C
and cirrhosis patients.

4.5 SUMMARY
Hepatitis B virus (HBV) and hepatitis C virus (HCV) exerts an intense impact on
patient’s lipid metabolism. Hence the aim of present study is to determine
metabolic derangement that occurs in subjects suffering from and chronic
hepatitis B, C and cirrhosis.
The epidemiological factors including positive family history, dental treatment,
blood transfusion and shaving from barber shop were significantly associated
with the incidence of HBV, HCV, and cirrhosis. The smoking, betel quid and
gutka chewing were most commonly found in HBV, HCV and cirrhosis patients
in comparison to controls.
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The HBV patients have a significantly lower level (p<0.01) of lipid profile
including

total

cholesterol,

Lipoprotein-Cholesterol

Triacylglyceride

(VLDL-C),

(TAG),

Low-Density

Very

Low-Density

Lipoprotein-Cholesterol

(LDL-C), High-Density Lipoprotein-Cholesterol (HDL-C) and total lipid in
comparison to controls, indicating hypolipidemia in patients. The result of total
FA composition of HBV patients in comparison to controls reveal that myristic,
palmitic and docosahexaenoic acids are significantly (p<0.05) higher. The
linoleic, eicosatrienoic, arachidonic, eicosapentaenoic acids are significantly
lower in HBV patients in comparison to controls. Marker for stearoyl -CoA
desaturase (SCD = ∆9-desaturase) activity i.e. oleic: stearic acid ratios, was
found higher in HBV patients, while the ratio of polyunsaturated fatty acids
(PUFA) and saturated fatty acids (SFA) was lower in HBV patients as compared
to controls. The serum SFA and monounsaturated fatty acids (MUFA) were
increased while PUFAs was reduced in both total and free form in hepatitis B
patients.
The HCV patients have a significantly lower (p<0.05) lipid profile including
TAG, cholesterol, HDL-C and LDL-C in relation to controls (n=50). Results of
serum lipid FA’s (total and free form) revealed elevated level of SFA and
MUFA, with the lower content of PUFA in HCV patient as compared to controls.
Among SFA, myristic and palmitic acid were increased and five unsaturated FA
including nervonic, linoleic, α-linolenic, docosahexaenoic and arachidonic acid
were reduced in patients than controls.
The HCV infection results in hypolipidemia with reduced level of TAG, HDL-C,
LDL-C, cholesterol that increase the infection resolution and after the IFN
treatment, the lipid profile of the patients were increased. The myristic and
palmitic acids were significantly higher while linoleic acid was significantly
lower in HCV patients. The higher ratios of oleic to stearic and palmitoleic to
palmitic acid were detected in HCV patients, showing enhanced stearoyl -CoA
desaturase activity. The levels of serum SFA and MUFA were higher while
PUFAs were found lower in HCV patients in comparison to controls. Elevated
levels of serum saturated free FA in HCV patients indicates stimulated
lipoapoptosis.

105

The HBV-cirrhosis patients have a significantly lower level (p<0.001) of lipid
profile including total cholesterol, TAG, VLDL-C, LDL-C, HDL-C and total
lipid in comparison to controls, indicating hypolipidemia in patients. The serum
total fatty acid composition of HBV-cirrhosis patients in comparison to controls
revealed that palmitic and palmitoleic acids were significantly (p<0.05) higher
while eicosatrienoic, arachidonic, linoleic, eicosapentaenoic, α-linolenic acids
were significantly lower in HBV-cirrhotic patients in comparison to controls.
Marker for the stearoyl-CoA desaturase (SCD = ∆9-desaturase) activity i.e. ratio
between palmitoleic and palmitic and oleic to stearic acid ratios, were found
higher in HBV-cirrhotic patients, while the ratio of PUFA and SFA was lower in
HBV-cirrhosis patients as compared to controls. The serum SFA and MUFA
were increased while PUFA were reduced in both total and free form.
The decreased serum lipid profile is associated with hypolipidemia and indicates
liver dysfunction in HCV-cirrhotic patients. The increased lipogenesis is
possibly due to altered enzyme desaturases activities with impaired PUFA
metabolism and non-enzymatic oxidation.
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CHAPTER 5
CONCLUSION AND FUTURE DIRECTIONS

In

this

chapter

we

present

conclusion,

public

health

significance,

recommendations of this research work and future directions.

5.1 CONCLUSION
Present study concluded that demographic factors like positive family history of
hepatitis, dental treatment, blood transfusion and shave from barber shops were
strongly associated with Hepatitis induced by HBV, HCV, and cirrhosis.
Hypolipidemia is observed in HBV patients due to impaired liver function. The
increased the level of SFA and decreased the level of PUFA were detected in
HBV patients due to altered activities of enzyme desaturases with impaired
PUFA

metabolism

and

non-enzymatic

oxidation.

The

PUFA

contain

immunomodulating activities and management of n-3 fatty acid usually
decreases infection rate in HBV patients.
This study confirms that lipogenesis increases in patients with chronic HCV
compared to healthy controls as apparent from low serum PUFA and higher SFA
and MUFA levels may be due to activation of SREBPs.
In HCV patients, before treatment elevated levels of palmitic and myristic acid
were found in serum, which enhances virus replication and inhibits the anti HCV effects of IFN therapy. The elevated levels of serum saturated free FA
induces lipoapoptosis which may cause cellular steatosis. PUFA play numerous
important roles in normal physiological conditions and progression of diseases.
The present study concludes that serum PUFA levels were lower in HCV patients
including arachidonic, α-linolenic and linoleic acids, which were reported to
reduce HCV RNA level. Hence PUFA supplementation can provide coadjutant
antiviral effects in the INF therapy.
The hypolipidemia was observed in HBV-cirrhosis patients and the altered levels
of lipids in patients indicate the deterioration of hepatic function. The reduced
level of cholesterol specifies the severity of liver cell injury, which is associated
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with impaired liver function. The elevated levels of SFA and low levels of PUFA
were detected in HBV-cirrhosis patients due to impaired enzymatic elongation
and desaturation of fatty acid metabolic pathway. It was concluded that
introduction of n-3 fatty acid can ease infection frequency and enhance liver
function regaining in HBV-associated hepatic carcinoma.
The decreased serum lipid profile was associated with hypolipidemia and
indicating the liver dysfunction in HCV-cirrhotic patients. The increased
lipogenesis is possibly due to altered enzyme desaturases activities with impaired
PUFA metabolism and non-enzymatic oxidation. The hepatic lipotoxicity was
accelerated by toxic effects of FFAs and contributed to hepatocyte lipoapoptosis
which causes steatosis.
The present study concludes that the demographic factors, mainly family history,
dental treatment, blood transfusion and shaving from barber shop are significant
contributing factors in spread of HBV, HCV and cirrhosis infection.
Hypolipidemia in HBV and HCV patients is possibly due to alter fatty acid
metabolism during enzymatic elongation and desaturation pathway. Lipogenesis
is elevated in HCV and HBV patients as evident from reduced serum PUFA and
elevated SFA as well as MUFA levels. Hence, proposes the importance of PUFA
supplementation and it may provide synergistic antiviral effects when given as a
food supplement during the INF based anti- HCV therapy. Hypolipidemia in
HBV-cirrhosis and HCV-cirrhosis patients specify the nonfunctioning of liver
and alteration in fatty acid composition. The increased lipogenesis due to
desaturases activities, impaired PUFA metabolism and non-enzymatic oxidation
are associated with progression of HBV-cirrhosis/ HCV-cirrhosis diseases in
patients and promote the hepatic lipotoxicity.
In conclusion, the hepatitis B, and C virus alter the cholesterol and FA metabolic
pathways. Therefore, the present study provides the information about the
changes associated with lipid metabolism and significant upregulation, which
might be used as a biomarker for hepatitis B, C and cirrhosis diseases.

5.2 PUBLIC HEALTH SIGNIFICANCE OF THIS RESEARCH
The hepatitis B, C, and cirrhosis as an emerging community health related
issue existed all over the world but in Pakistan as an underdeveloped country
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and it’s small region like Hyderabad and adjoining areas , the problem identified
as a massive public health issue, which requires the serious response from the
concern authorities. The economic condition of Pakistan, such as; less
expenditures on health sector and high cost for treatment making the situation
more complicated and in reality the other regions of Pakistan the situation is
more or less same and creating a serious threat to large proportion of population
at risks of getting hepatitis B, C infections due to same reasons identified in
Hyderabad and its adjoining areas during the course of study. The vital
information collected after studying the demographic risk factors among target
population in the study area can be utilized for the improvement of flaws and
weakness in the community. The peoples are encouraged to follow clean sanitary
condition and adequate hand washing, the personal and social responsibilities
addresses and redefined in depth by adopting one person one blade or disposable
shaving kit usage at hairdressers shops, on the other hand, habitual blood donor
should be discouraged. The diagnosed cases encouraged to follow healthy
lifestyle and healthy eating and motivated to discontinue bad habits like tobacco
chewing and cigarette smoking. The epidemiological study and serum lipid
analysis of hepatitis B, C and cirrhosis will be the hallmark in the fi eld of
Identification, diagnostic and management approaches of hepatitis B, C and
cirrhosis patients. The study is not only addressing the clinical approach, which
helps the clinician to find out the root cause of the onset of infection and helps
them

for making their diagnosis more easily and cost-effectively

but also

addressing the lipid analysis during course of diseases by clearly identifying the
hypolipidemic state of the patient. The hypolipidemia is a major problem which
directly influenced by Hepatitis B, C, and cirrhosis infection and the condition
influences the immune system of patients. The study identified that the elevated
level of SFA and low level of PUFA in hepatitis B, C, and cirrhosis patients were
due to impairment in fatty acid metabolism, enzymatic elongation and
desaturation. Importantly the study provides the clear approaches to the clinician
for treatment option included with the administration of n-3 and n-6 fatty acid
which reduces infection rate and improve liver function recovery in hepatitis B
and C associated hepatic cirrhosis.
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5.3 RECOMMENDATIONS OF THIS RESEARCH WORK
This study provides great support to the clinician as they confidentially plan their
management and well aware of patient prognosis and response to treatment after
evaluating patient condition by his or her cellular morphology and lipid
metabolic activities. By adopting simple and cost effective measures to identify
the Hepatitis B, C and Cirrhosis infection and regular evaluation during the
course of management not only reduce the doctor/ patient burden but also helps
the government to adopt this new and updated methodology for their current and
future plans for the health sector.

5.4 FUTURE DIRECTIONS
Random population survey studies should be carried out after every three years
to find out the true incidence of the disease and any change in the pattern of the
diseases. The follow-up study required for pre and post treated hepatitis B
patients and design of potential multifaceted therapeutic modules to control HBV
infection, thus, therapeutic interventions targeting host factors involved in lipid
metabolism to control HBV infection holds great potential for the future. In
addition, further investigation for the relationship between cellular metabolic
processes and pathogens will help to improve our understanding of the selective
pressures driving the evolution of host-microbe interactions. How and why lipids
are manipulated in the host cell continues to expand in hepatitis B patients. This
not only increases our basic understanding of virology and cell biology, but
could also have practical implications for novel antiviral agents.
Future studies examining whether host-derived metabolites in turn dictate the
metabolomics of invading microbes may help to identify novel points of
therapeutic intervention in hepatitis C patients.
Host lipid metabolic pathways and the VLDL pathway facilitate replication,
assembly, secretion and HCV entry. The association of HCV with VLDL may
help the virus evade host immune defense by masking its putative antigenic
moieties from immune recognition. Growing insight into the details of HCV
mediated modulations of host lipid metabolism may eventually unravel
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uncharacterized facets of lipid/fatty acid biosynthetic pathways, including VLDL
assembly. Elucidating mechanistic details underlying the similitude between
viral and host lipid metabolic pathways will help to identify potential host cell
factors that are required for HCV and the infectious processes. In addition, this
would also enable the design of potential multifaceted therapeutic modules to
curb HCV infection, to reduce serum levels of atherosclerotic lipoproteins and to
reduce susceptibility for metabolic syndrome. Thus, therapeutic interventions
targeting host factors involved in lipid metabolism to control HCV infection
holds great promise for the future.
Much work remains to be done on viral-lipid interactions. A number of studies
have relied heavily on drug or RNA interference inhibition of lipid metabolic
process to determine whether or not it is required during viral infection.
However, the essential lipid or lipid species have been identified only rarely.
Additionally, even in cases where we can identify distinct lipid species that are
modified during viral infection, the proposed mechanism for how they contribute
to viral replication is often left to speculation. Questions remain as to why
specific lipid species are required, in addition to their physical orientation and
biochemical function within these complexes. Finally, most of the studies
described here have focused on the virus-cell interaction. Much remains to be
determined how alterations in cellular metabolism influence the host response to
viral infection on an organismal level, from hormone production to immun e
responses. With increased research in this area, our understanding of how and
why lipids are manipulated in the host cell continues to expand.
There is a need for very well settled molecular, genetic and nutritional studies to
understand well the HBV and HCV infections. Further studies on interactions
between B-vitamins, and lipid metabolism in relation to lifestyle diseases are
also the need of time, because circulating B-vitamins are, in contrast to plasma
cotinine, generally positively associated with serum n-3 polyunsaturated fatty
acids and negatively with serum n-6 polyunsaturated fatty acids.
Studies for the role of specific metabolic pathways in the genesis and
progression

of

cirrhosis

in

hepatocellular

carcinoma

to

describe

its

pathophysiology and natural history should also be carried out. Research is
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warranted in an attempt to define risk factors, improve characterization, and
determine causal relationship; hence, analysis and histopathology reevaluation
may provide clinical clues to reconsider previously ruled out causative factors.
With new advancements in the field of hepatology, we may be able to elucidate
this condition and improve the management of affected patients, as well as the
long-term results in those who undergo transplantation.

5.5 SUMMARY
The demographic factors, mainly family history, dental treatment, blood
transfusion and shaving from barber shop are significant contributing factors in
spread of HBV, HCV and cirrhosis infection. Hypolipidemia in HBV and HCV
patients is possibly due to alter fatty acid metabolism during enzymatic
elongation and desaturation pathway. Lipogenesis is elevated in HCV and HBV
patients as evident from reduced serum PUFA and elevated SFA as well as
MUFA levels. Hence, proposes the importance of PUFA supplementation and it
may provide synergistic antiviral effects when given as a food supplement during
the INF based anti- HCV therapy. Hypolipidemia in HBV-cirrhosis and HCVcirrhosis patients specify the nonfunctioning of liver and alteration in fatty acid
composition. The increased lipogenesis due to desaturases activities, impaired
PUFA metabolism and non-enzymatic oxidation are associated with progression
of HBV-cirrhosis/ HCV-cirrhosis diseases in patients and promote the hepatic
lipotoxicity.
The hepatitis B, C, and cirrhosis as an emerging community health related issue
existed all over the world but in Pakistan, the problem identified as a massive
public health issue, which requires the serious response from the concern
authorities. The vital information collected after studying the demographic risk
factors among target population in the study area can be utilized for the
improvement of flaws and weakness in the community. The peoples are
encouraged to follow clean sanitary condition and adequate hand washing, the
personal and social responsibilities addresses and redefined in depth by adopting
one person one blade or disposable shaving kit usage at hairdressers shops, on
the other hand, habitual blood donor should be discouraged. The diagnosed cases
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encouraged to follow healthy lifestyle and healthy eating and motivated to
discontinue bad habits like tobacco chewing and cigarette smoking. The
hypolipidemia is a major problem which directly influenced by Hepatitis B, C,
and cirrhosis infection and the condition influences the immune system of
patients. The study identified that the elevated level of SFA and low level of
PUFA in hepatitis B, C, and cirrhosis patients were due to impairment in fatty
acid metabolism, enzymatic elongation and desaturation. Importantly the study
provides the clear approaches to the clinician for treatment option included with
the administration of n-3 and n-6 fatty acid which reduces infection rate and
improve liver function recovery in hepatitis B and C associated hepatic cirrhosis.
By adopting simple and cost effective measures to identify the Hepatitis B, C
and Cirrhosis infection and regular evaluation during the course of management
not only reduce the doctor/ patient burden but also helps the government to adopt
this new and updated methodology for their current and future plans for the
health sector.
Random population survey studies should be carried out after every three years
to find out the true incidence of the disease and any change in the pattern of the
diseases. There is a need for very well settled molecular, genetic and nutritional
studies to understand well the HBV, HCV and cirrhosis diseases.
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ANNEXURE-1
CONSENT FORM
(This form is applicable only for the academic purpose as mentioned below and
have no legal or medicolegal importance in any circumstances. The volunteer
response is required by the selected personnel’s with keeping all the
confidentiality. )
This is to inform to Mr./Miss/Mrs./MS ………………………..s/o, d/o……………...
that I Sadia Qamar as a Ph.D. scholar conducting a study about the
“EPIDEMIOLOGICAL AND SERUM LIPID ANALYSIS OF HEPATITIS B, C
AND CIRRHOSIS PATIENTS IN HYDERABAD SINDH, PAKISTAN”. Here by
signing this form I need your volunteer participation in the above-mentioned research
project. You are selected as a potential participant in this project due to the presence
of above said viral diseases.
Please read carefully this form (translation in local languages available on request)
and don’t hesitate in case of any query regarding the questions present in the
questionnaire for the study.
This study is conducted by Ms: Sadia Qamar Sajid under the supervision of
respected: Dr. Naseem Aslam Channa, Dr. Farah Naz Talpur, Dr. Mona Humaira of
Institute of Biochemistry, National Center of Excellence in Analytical Chemistry,
University of Sindh, Jamshoro and Liaquat University of Medical and Health
sciences, Jamshoro, Pakistan respectively.
Background Information.
The purpose of this study is: To find out the Epidemiological risk factors for
transmission of Hepatitis B, C and Cirrhosis patients. As currently, the diseases are
affecting the region very rapidly. Lack of knowledge about the disease transmission
increases the risk for spreading. Hepatitis B and C virus exerts an intense impact on
host lipid metabolism. Hence the aim of present study was to determine metabolic
derangement that occurred in subjects suffering from hepatitis B, C, and viral
cirrhosis.
Procedures.
If you like to voluntarily participate in this study:


Please sign/ thumb impression a consent form.
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Provide required information about your disease by filling Performa questions.



5 ml of an intravenous blood sample from each participant for required tests.

Risk and Benefits by participating the Study.
This study has no major or minor, immediate or late health risks for the participants
other than second sample may require in case of insufficient sample. The direct
benefits you will receive as a participate are: Your lipid profile and fatty acid
composition will be tested free of cost. It would be counted as social service in public
benefit. It will be helpful to find out the risk factors and biochemical predictors
(especially serum lipids) for Hepatitis B, C and Cirrhosis patients.
Statement of Consent:
By signing below, I hereby certify that to the best of my knowledge all the
information I have furnished on this form is complete, true and accurate.

Patient/Legal Guardian Signature/ Thumb Impression:

Signature
Signature
ofof
Researcher:
Researcher:

Date:
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