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ABSTRACT
Non-alcoholic fatty liver disease (NAFLD) prevalence has not been well established.
The aim of this study was to define prospectively non-alcoholic steatohepatitis
(NASH) and non-alcoholic fatty liver disease prevalence in hospitalized and
ambulatory patients 20-65 years old during June 2013 to June 2014 were selected
from Combined Military Hospital Peshawar Cantonment area. A base line
questionnaire and right upper quadrant ultrasound was completed by all patients. On
identifications of fatty liver among the selected cases further lab test data and liver
biopsy reports were obtained. Mean BMI of female was 29.9 ± 5.65 while prevalence
of hypertension and diabetes were 49.8% and 16.6% respectively. Among all patients
62% were Punjabis, 23% were Pathans while 12% were Sindhies. Overall NAFLD
prevalence was 47% while NASH was confirmed in 20 patients (12.3% of total and
30%of ultrasound positive patients). Pathans had the highest prevalence of NAFLD
(58.5%) as compared to Punjabi’s (44.5%) and Sindhies (35.3%). Pathans also had a
higher prevalence of NASH compared with Punjabies (19.5% VS 10%: p-value=
.03). In general NAFLD patients were more prevalent among male (59%), Diabetic
(p-value <0.00005), hypertensive (p-value< 0.00005) and older (p-value< 0.005).
They consumed more fast food (p-value = 0.049) had a higher BMI (p-value<0.0005)
and had little or no exercise as compared to their normal or non NAFLD counter parts
(p-value= 0.02). NAFLD was found in 75% and NASH in 22.5% among the 26
diabetic patients. ALT, AST, BMI, insulin, quantitative insulin sensitivity checks
index and cytokeratin – 18 correlated with NASH. It was concluded that NAFLD and
NASH prevalence is higher than estimated previously, Pathans and Patients with
diabetes are at high risk.In this part of the study, the effects of tablets Nigella Sativa
on fatty liver disease in rats were determined.
viii

Fatty liver disease are increasing worldwide due to physical inactivity and
increased fructose intake in processed foods. The seeds and oil of the plant Nigella
Sativa have been widely used in various countries of the world to promote health and
cure disease.
The study was conducted on 52 aged (16-18 months) male albino rats to
investigate the effect of Nigella sativa tablets dietary supplementation on fatty liver
disease. Rats were randomly divided in; Group-I (Control rats C) (n = 20) fed
standard rat diet; Group-II (Fatty liver Group-F) (n=14) fed high fructose diet (diet
having 60% fructose w/w) and Group-III (Fatty liver/ Nigella sativaGroup-F/NS) (n =
18) fed Group-F diet but mixed with crushed tablets (1.6 g/kg) in order to achieve
Nigella sativa daily intake of 170mg/kg b.w. During this study rats were monitored
for daily food intake and weekly body weight. The parameters including body weight
final, BMI, liver weight, serum glucose,insulin, HOMA-R, TC, HDL-c, LDL-c,
vLDL-c, Adiponectin, TNF-α, AST, ALT and bilirubin were monitored after six
weeks in the selected group of rats. The rats livers, brains and kidneys
histopathological examination were also carried out.The Real-Time PCR(RT- PCR)
of superoxide dismutase (Sod1, Sod2) and DNA glycosylase (Ogg1, MutY) were used
for the detection ofenzymatic antioxidant defense system. The western blot anlysis of
OGG1 expression was used for the detection of DNA repaire. Our results show that
that there was a significant increase in visceral fat weight in Group-F compared to
Group-C and a significant decrease in Group-F/NS compared to Group-F. Both
Group-F and Group-F/NS had significant increase in glucose fasting, insulin, HOMAR, TC, LDL-c, vLDL-c, TNF-α, AST, ALT and bilirubin. While a significant
decrease in serum adiponectin compared to Group-C. However, Group-F/NS showed
significant decrease in serum glucose fasting, insulin, HOMA-R, TC, LDL-c, TNF-α,
ix

AST, ALT and bilirubin as well adiponectin increased significantly compared to
Group-F. Histopathological examination in Group-F showed vascular congestion in
the liver, kidneys, necrosis of renal tubular cells as well as focal cerebral hemorrhage
while Group-F/NS showed almost normal histology. Gene expression of antioxidant
defense mechanism: Sod1, Sod2, Ogg1 and MutY decreased significantly in the
Group-F but reversed by the Nigella Sativa tablets co-administeration in Group-F/NS.
Nigella sativa crushed tablets co-feeding with higher fructose diet showed
significant decrease in serum level of glucose fasting, insulin, total cholesterol(TC),
LDL-c, HOMA-R, TNF-α, AST, ALT and bilirubin and a significant increase in
serum adiponectin in fatty liver disease in aged rats. TheNigella Sativa tablets role in
attenuation of hepatic oxidative DNA damage in Group-F/NS may be mediated by upregulation of the antioxidant defense mechanism and oxidative DNA repair activity.
The clinical benefits of the Nigella Sativa treatment in the shape of diminution of
oxidative damage may explain its role in patients with fatty liver disease.
In this part of our study the ad-on effects of tablets Nigella Sativa on different
clinical and biochemical parameters in human were determined. Metabolic
syndrome and its associated complications have been reported to be extensively
increased worldwide. The seeds and oil of the plant Nigella Sativa have been widely
used globally to cure various disease and promote health since ancient times
especially in the Southeast Asia and in the mejority of the Middle East countries. A
lot of work has been done already on this plant. This prospective clinical study was
designed to evaluate the ad-on effect of tablets Nigella Sativa on different parameters
in fatty liver disease. This clinical study was conducted in medicine departement of a
tertiary health care facility the

Combined Military Hospital (CMH) Peshawar

cantonment from June 2013 to May 2014. After considering inclusion and exclusion
x

criteria and final diagnoses, 60 patients in this prospective study were enrolled. Upon
approval from hospital ethical committee all the patients were properly consented in
writing and were informed about study scope, Patients were equally distributed in two
groups containing 30 each. In Group-1 (Control group) Patients were given Tab
Metformine 500mg PO BD and Tab Rosuvastatine 10mg PO at night for a period of
six weeks while in Group-II (Nigella Sativa treated group) in additions to standard
treatment tablets Nigella sativa 600mg PO BD for a duration of six weeks were given.
The parameters including waist circumference, body weight, body mass index, lipid
profile, Blood sugar fasting and post parandial, Liver functions test (LFT’s) and
Ultrasound right upper quadrant were recorded before and upon treatment
completion.The above mentioned methodology was followed and the study findings
were : Fasting blood sugar, low density Lipoprotein cholesterol (LDL-c)and total
cholesterol (TC) percentage improvements in Group-II were statistically significant
(p-value<0.05). In both the groups serum Alanintransaminase (ALT) declined
significantly, in the Nigella sativa tablets treated Group-II the reduction was almost 2fold (48% vs. 26.4%). On ultrsonography a statistically significant reversal of fatty
liver was found only in the Nigella sativa tablets treated Group-II (p-value<0.05).
As an ad-on therapy tablets Nigella sativa was found effective in fatty liver
disease. Nigella sativa tablets has shown significant results especially in diabetic and
dyslipidemic patients.
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Chapter 1

INTRODUCTION

INTRODUCTION

1.1 BACK GROUND
There has been reported worldwide the increased prevalence of obesity and its
associated liver injuries called NAFLD (non-alcoholic fatty liver disease). It is
estimated that around 35% of adult population in the developed countries is suffering
from obesity and its related conditions including NAFLD and NASH [1]. About 40
years ago, case reports about above individuals were first published which shows
great concerns while describing the fatty liver disease cases development
andprogression to NASH, cirrhosis and ultimately liver cancer. However in the last 15
years the importance and gravity of this issue has been very much realized. NAFLD
ultimately presenting insulin resistance

due to hepatic involvement in current

scenario represent a range of disease. The fat deposition in the liver tissue without any
inflammation called steatosis is the earliest recognizable stage, which is benign
relatively; the next stage is NASH which represents steatosis plus hepatocellular
injury particularly with or without fibrosis. The two stages are differentiated only by
histological examination.
The occurrence frequency of the said condition in childerns has been also
increased. NAFLD is to generally be suspected in those individuals presenting simple
apparent clinical signs and laboratory profile consistent with that of insulin resistance.
A reasonable number of people with NAFLD, more often which is considered to be a
benign condition, may lead to even more severe and extraordinary hepatic
complications including non-alcoholic steotohepatitis (NASH), Fibrosis, cirrhosis and
sometime liver cancer [2]. NAFLD is generally associated with metabolic syndrome,
high risk of diabetes type-2 and manageable features of insulin resistance such as
1
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dysglycemia and dyslipidemia [3]. Histopathological assessment of liver tissue is the
most proven way of differentiating simple steatosis from NASH, a condition which is
considered more likely to progress to a more severe condition called hepatic cirrhosis.
NAFLD is now considered the leading cause of abnormal liver enzymes that is
associated with higher risk of developing coronary artery disease and diabetes
[4].Worldwide NAFLD prevalence has been estimated to be ranging from 3% to
45%.Wide variations in prevalence depend upon study population and the diagnostic
tools used e.g. liver biopsy, imaging and liver enzyme etc [5]. In a study utilizing
proton nuclear magnetic resonance spectroscopy NAFLD prevalence was estimated
31% [6-7]. In this study mean age cohort were 54.4±7.30 years having age range (2060 years) depending on ethnicity and sex, with total obesity prevalence of (43%).
Hispanics are on the top with 45% prevalence ratio, followed by Caucasian
having 33% occurrence and 24% in African Americans. The prevalence of nonalcoholic steatohepatitis (NASH) is very difficult to be estimated because for
diagnosis liver biopsy is required. The prevalence of non-alcoholic steatohepatitis
(NASH) in general population globally has not been well defined. In early 80’s from
an autopsy study the prevalence of NASH was found to be 2.7% among smart and
lean individuals, in obese individual this raised to 18.5% [8]. Recently three different
studies concluded while evaluating liver transplantation donor NASH prevalence
estimated to be 1.1% to 14%. There was no report of alcohol consumption in these
cases [9]. The prevalence of NASH and NAFLD varies with population uniqueness
and variation. In obese patients undergoing bariatric surgeries the prevalence of
NAFLD and NASH has been found up to 91% and 37% respectively [5,10]. While
studying diabetic’s patients NAFLD prevalence was found to be 40% to 69% without
data for the NASH prevalence.
2
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The number of people with fatty liver and metabolic syndrome is increasing
worldwide and has become the major social problem [11]. It has been reported in
several Population studies, that the prevalence of fatty liver diseases increases in
ageing people and even they are more susceptible to morbidity and mortality [12, 13].
Individuals with fatty liver disease are susceptible to Type-2 Diabetes, cardiovascular
disease, NASH, Cirrhosis and some forms of cancer [14]. Adult treatment panel III
(ATP-III 2002 report) identified 6 components of fatty liver whom are very risky for
cardiovascular disease (CVD) namely; abdominal obesity, raised blood pressure,
atherogenic dyspidemia, insulin resistance + glucose intolerance, prothrombotic state
and pro inflammatory state. A clinical diagnosis of fatty liver / metabolic syndrome is
required for an individual that meets three or more of these criteria [15].
Physcians having expertise in this field opines that data relating metablic
syndrome and fatty liver disease collected from the year 1988-94 have actually under
estimated the real number of cases, there is increased chances of diabetes and
cardiovascular complications in individuals with fatty liver disease.Metabolic
syndrome and fatty liver is actually the major causeative factor for diabetes mellitus
and other micro vascular complications. During recent years, the market growth rate
of oral hypogyceamic agents and cardiovascular products has increased several folds
globally. In our country too the sale of oral hypogyceamic agent’s isincreasing in
parallel way to international market as well.At averageit has been found that one out
of five people is affected, age factor plays a key role in the pravelence of this disease.
The fat cells called adiposities are produced at visceral sites, causes increase in level
of visceral fat may also cause elevated plasma TNF-α concentrations which in turn
may alters plasma resisten and adiponectin levels.TNF-α is cosidered to be
responsible for the production of other cytokines which are causing inflammationof
3
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several organs including liver.It has been also observed that cytokines are responsible
for insulin resistance while studying effects of fructose enriched diet in rats, there was
an increase in triglycerides level with an incraese of vascular fats threshold in adipose
tissue ultimately resulting insulin resistance[16]. Among various factors which may
increase the risk of fatty liver disease are ageing, overweight, abdominal obesity with
central adiposity. It reflects that there is a strong correlation between increased
adiposity and waist circumference. However it is worth mentioning that people having
normal body weight are sufferd with insulin resistance [17]. Physical inactivity and
life style are considerd among strong predictors for cardiovascular disease and related
morbidities. Nowadays stress and worries are also considerd among the causative
factors for fatty liver disease. Sedentry life style seems to be quietly associated with
fatty liver disease, these include predominantly centrally increased adipose tissue:
Low HDL cholesterol, high triglyceride level, increased blood pressure, elevated
blood glucose levels in genetically susceptale individuals. It has been found that
individual’s watching television or computers for a duration of 4 hrs or longer daily
have more chances for occurance of metabolic syndrome and fatty liver disease as
compared to individuals watching for less than 1 hrs duration. Individuals suffering
from coronary artery disease are considered to be more proven to fatty liver disease
and metabolic syndrome. It has been also estimated that the fatty liver prevalence rate
in such individuals is about 50% with 38% premature coronary artery disease and
further it has been observed that womens are more proven as compared to male
patients. Life style mediated changes for example control on diet, physical exercise,
weight reduction and use of medications in case of disease can minimize chances of
metabolic syndrome and fatty liver disease [17].

4
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It has been demonstrated by some investigators, that during insulin resistance
reactive oxygen species(ROS) production increases which resultantly triggers lipid
per oxidation that causes mitochondrial dysfunction and also causes release of several
cytokines, such as TNF-α [18,19]. It has been shown in several human studies that a
fat enriched diet may enhances the hepatocellular free fatty acid pool and causes
increased formation of ROS in mitochondria. Furthermore,ROS directly damages
mitochondrial DNA and hence it triggers the progression of simple steatosis to
steatohapatitis [19-24].
There are different threats to all living cells, among these ROS injury to DNA is
caused by various environmental insults, cellular respiration and metabolism. The
major sources of ROS production are the damaged mitochondria which go onward in
to a vicious cycle of enhancing DNA damage caused by the reactive oxygen species.
ROS damages cellular DNA directly by causing base oxidation and strands breaks
inside the DNA [25,26]. DNA repair and antioxidant defense mechanism are the
physiological defense mechanism against oxidative stress. There is a family of
enzymatic antioxidant defense

comprising of superoxide dismutase ( SOD1 and

SOD2) which converts superoxide in to peroxide. To prevent ROS production in the
mitochonderia Sod2 encodes mitochondrial SOD and sod1 encodes cytosolic SOD
which is considered even

more important antioxidant then Sod1[27,28].

Mitochondrial DNA can be more easily demaged by oxidation as compare to nuclear
DNA. The 7,8-dihydro-8-oxoguanine(8-OxoG) is the most common oxidation product
of DNA, is particularly found abundantly and it is stable with approximately ≈ 180
guanines which are oxidized to 8-oxoG in ratio of per mammalian cell per day.
However in the mitochondria base excision repair (BER) is an other major repair
system that allows mitochondria for a rapid and efficient repairment of oxidized DNA
5
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bases such as BER,8-oxoG which are initiated by 8-oxoG glycosylase (OGG1 ) and
supported by MutY homolog DNA glycosylase (MutY) and is considered the most
important defense against 8-oxoG mutation [27]. The OGG1 genes encodes the DNA
8-OxoG glycosylase which tends to identify and removes the 8-OxoG from DNA.
Evidence from different studies has shown that MutY and OGG1 make a jointly
cooperated defense against C: C to T: A transversions [29-32]. Therefore MutY and
Ogg1 gene expressions both represents the oxidative repair activity of DNA.

1.2 NIGELLA SATIVA
According to Tibb Islami system of medicine, herbs are recognized as the main
source of drugs since ancient times.This herb have a very beutifull and longer track
record of utilization in different eras in folk medicines.The black seeds cures all
disease except death asonce stated by the holy prophet of islam Muhammad PBUH
[33].In Egyptian civilization, it has been widely used for the treatment of various
disease. It has been also evident from the ancient Egyptians that leaves and seeds of
Nigella Sativa were entombed with Pharoah as they believes will help him in the after
life.
The seeds and oil of the plant Nigella sativa had been widely used to fight
disease and promote health since very ancient times globally particularly in the South
Eastern Asia and in the Middle East countries. In recent year’s alternative ways of
treatment and the use of herbal medicines is tremendously increasing especially those
products which are derived from plants origion [18].
The seeds of the plant Nigella sativa a member of renunculacea Family contain
almost 30% of fixed oil, 0.45% wt/wt of volatile oil which contains up to 24 %
thymoquinone and 46% monoterpenes, such as α-piens and P-cymene [34]. Animal
and clinical studies have shown that Nigella sativa seeds have hypertensive,
6
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hepatoprotective and anti-diabetic effects [35]. The seeds and oil of the this plant have
been extensively used globally to treat various disease and promote health since
ancient times especially in the Asian countries and in the Middle East. Its name in
English is black cumin, in Arabic it is known as Habat-Ul-Sauda and Nigella Sativa in
South Asia. Nigella sativa seeds and oil have been used to treat diabetes mellitus
Type-2 due to its insulin sensitizing effects. In individuals with NAFLD the
occurence of insulin resistance is associated with hyperglycemia, hyperinsulinemia,
low plasma adiponectin levels and high plasma free fatty acids. Nigella Sativa tablets
in subjects with NAFLD may reverse these abnormalities. More recently, in animal
models improvement in histological features occurred in rats with NAFLD receiving
Nigella sativa as compared to the control group. In the cases of NAFLD, generally
Nigella Sativa is considered to reduce insulin resistance though varied mechanism of
actions. In addition, reduction of oxidative stress in insulin resistance cases has been
recognized as a prominent role and Nigella Sativa seeds is reported for reducing
vascular oxidative stress [35].
This plant has many traditional uses, therefore it has become an interesting
focus for researchers because of its chemical constituents and therapeutic activities.
To determine the effects of Nigella Sativa seeds / oil on the various parameters of
Fatty Liver disease for example blood pressure and blood suger [36]. The Adult
treatment panel-III (ATP-III) report of the National Cholesterol Education classified
fatty liver as multiplex risk parameter for cardiovascular complications which deserve
great attention of cleniicians and public health authorities. The treatment, prevention
and etiology of the fatty liver disease are presently the focus of extensive research
initiatives. A number of risks are linked with cerebrovascular injuries including
gender, age, alcohol consumtion, smoking, elevated cholesterol, raised blood glucose
7
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level, obesity,increased waist circumference, race, excessive weight, higher body
mass index, family history and hypertension [37]. Although among these risk factors
some cannot be modified while others can be contolled. Among the controllable
factors with greatest impact on the prvevention and etiology of the stroke is high
blood pressure [38]. The Nitric Oxide (NO) is recognized as a major factor in
cotrolling blood pressure. It is released by the endothelial cells through NO synthesis,
which in turn cause relexation of blood vessels and resultantanly causing lowering of
blood pressure [36]. Since several interrelated factors are responsible for the proper
maintenance of blood pressure, an effort to alter one of them may cause increase or
decrease in compensatory activity of other parameters. In cases like this, it is
considered realy much rationale to give a reasonablecombination of various drugs
with different mechanisms of actions for example drugs that lowers the plasma rennin
activity-Methyl dopa, clonidin, beta blockers may be combined with drugs which
increase the threshold of

plasma rennin activity-Calcium channel blockers,

angotensin converting enzyme inhibitors anddiuretics. The diversified mechanisms of
actions which were postulated for hypotensive effects of Nigella Sativa were its
diuretic, calcium channelblocking and centrally acting anti hypertensive activity [39].
A lot of animal studies have been conduted but infatty liver patients no clinical study
has been reported so far. The present study was conducted to prospectively define the
prevalence of fatty liver disease in selected population group so that remedial measure
may be postulated. Further in rats model the effects of Nigella Sativa tablets cofeeding in a fructose enriched diet were investigated.
Therefore, it is a matter of great interst to investigate whether the benefecial
effects of Nigella Sativa tablets in fatty liver cases is mediated by attenuation of the
hepatic DNA damage. We investigated the changes caused by the oxidative DNA
8
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damage, indicated by 8-oxo-G in a rats model fed withfat enriched diet. We further
determined repaire of genes (sod1, sod2, ogg1 and MutY) and the up-regulation of
the antioxidant defense by tablets Nigella Sativa and explored the improvements of
hepatic inflammation and steatosis by reversal of the alerady induced oxidative
damage and stress. Finally this prospective clinical study was extended to determine
the ad-on therapy effects of Nigella Sativa tablets in Fatty Liver disease in humans.

1.3 MOTIVATION TO DO THIS PROJECT
Wolrd wide the prevalence of metabolic syndrome is on increase and is hot
research focus. The importance of this issue was recognized in early 80s. In this
era researchers have found that this is mother of many disease like diabetes
mellitus, hypertension, fatty liver disease, congestive heart failure, chronic kidney
disease and neuropathies. In Pakistan very less work have been done on this issue
besides its tremendous importance, so this all caused motivation for me to choose
this important and public health oriented project.

1.4 AIMS AND OBJECTIVES
i. To prospectively define the prevalence of NAFLD and NASH in selected
population using various diagnostic tools, in order to highlight the importance of this
issue for public health policy makers, health care providers and general public
awareness. This can save many precious lives by timely diagnosing and treatment.
ii. To determine the add-on therapy effects of the tablets Nigella Sativa on different
clinical and biochemical parameters in the non-alcoholic fatty liver disease.
iii. To know the effects of the crushed tablets Nigella Sativa on fatty liver disease in
animal model.

9
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This can be proved as a cost effective, safe, easily available and rational therapy
in future. By promoting local natural products like tablets Nigella Sativa not only
precious foreign exchange can be saved but this will also contribute in country export
and ultimately national economy.
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2.1 FATTY LIVER DISEASE
Obesity is a global issue and epidemic which many people tries to overcome but very
less number is among the successful in resolving the issue. According to the
American Heart Foundation, in the U.S. alone, 78 million adults and 13 million
children are suffered and affected. However, obesity also poses great risks for
developing other serious health complications, aside from being a disease itself, some
of the complications are:
•

Metabolic syndrome

•

Heart disease

•

High blood pressure

•

Stroke

•

Type-2 Diabetes

•

Abnormal blood fats (high levels of triglycerides and LDL and low levels of
HDL)

•

Increased wear and tear on joints, ligaments and tendons due to excessive weight
While a healthy diet and exercise are the ubiquitous guidelines for achieving

and maintaining healthy weight, the solution may be more complicated. Obstructive
sleep apnea (OSA) is associated with obesity and weight gain due to oxidative stress,
which leads to the development of or exacerbation of obesity, metabolic syndrome
and non-alcoholic fatty liver disease ― a liver manifestation of metabolic syndrome.
Metabolic syndrome is a set of risk factors that increases cardiovascular
disease, stroke and diabetes. More than 34 % of U.S. adults have metabolic syndrome
and those affected can become insulin-resistant (preventing the body from using
insulin efficiently). Non-alcoholic fatty liver disease is the greatest cause of liver
11
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disease in the U.S., affecting both adults and adolescents. NAFLD is an excess of fat
accumulation in the liver that causes scarring. A recent study from researchers at the
University Of Colorado School Of Medicine showed that obese adolescents suffering
from sleep apnea and hypoxia (oxygen deficiency) had greater scar tissue than those
without, and are at greater risk of developing a more serious form of liver disease
called non-alcoholic steatohepatitis.“People suffering from more severe OSA may be
more likely to gain more weight than those with less severe OSA over time,” said Dr.
Mark Brown, Department of Psychiatry at the University Of Arizona College Of
Medicine in Tucson. With so many systems and organs affected, achieving and
maintaining weight loss through diet, exercise, and/or medication alone is extremely
difficult but combined with treatment of OSA, the success could be significantly
greater. CPAP is commonly prescribed for the treatment of OSA, but patients do not
regularly adhere to wearing the mask so do not receive the maximum benefits of
treatment. Oral Appliance Therapy (OAT) is the best alternative to CPAP and patients
use the appliance nightly because of its comfort, convenience, and mobility for the
patient.
If you struggle with weight loss, are obese, experience symptoms of sleep apnea,
or have Type-2 diabetes, speak with your physcian or primary care provider to ask for
a sleep study or polysomnography (PSG) that monitors breathing, brain waves,
oxygen levels in the blood, muscle tension, and eye movements.

2.1.1

NON-ALCOHOLIC FATTY LIVER DISEASE

Drinking too much alcohol can lead to increased fat concentration in the liver and
consequently results in scarring of liver tissue, known as cirrhosis. The more scarred a
liver is, the more abnormal functions are observed. However, fatty tissue can also be

12
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grown in the liver, if someone drinks little or no alcohol. This is known as NAFLD
and can potentially cause cirrhosis.
Lifestyle mediated changes can often help keep NAFLD from getting
worstning. But for some people, the condition can lead to life-threatening liver
problems.
NAFLD and alcoholic liver disease (ALD) fall under the umbrella term of
fatty liver disease. When 5 to 10 % of a liver’s weight is made of fat, the condition
can be defined as hepatic steatosis.
NAFLD has tremendous importance due to several reasons. First, its
prevalence is increasing world wideand is a very common disease. Second, NASH is
cosidered as the highest risk for serious and life threatening liver disease, which may
lead to cirrhosis and some times to liver cancer. Third, NAFLD is linked with other
serious and very common non-liver diseases; perhaps the most important among these
are diabetes and cardiovascular disease. Probably fatty liver is not the direct cause of
these diseases but there is strong association which is represented by this disease.
Fatty liver, therefore, is a clue of disease manifestation which should be addressed
before it is worstned. If these are not treated during initial phases a cluster of
complications incuding hypertension, cirrhosis and even other life threatening
complications may arise.
Non-alcoholic fatty liver disease (NAFLD) is the most common cause of
abnormal liver function test among adults in western world [40]. Among the world
population, the the number of obese people has reported to be increased that had
ultimately increased the prevalence of fatty liver disease. It is estimated that in the
developed countries 20-30% of their adult populations have NAFLD; this conditionin
children’s also is clearly increasing. Infect this figure may be very less because
13
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currently on the subject matter high quality data is lacking. Generally, NAFLD is
suspected in those individuals presenting simple clinical signs and biochemistry
consistent with insulin resistance. The spectrum of NAFLD ranges from simple
steatosis to non-alcoholic steatohepatits (NASH) which can progress to end stage liver
disease. Fatty liver disease is commonly associated with type-2 diabetes, insulin
resistance, obesity and dyslipidemia, which all are components of the metabolic
syndrome [41].

Figure 2.1:Schematic representation of natural history of
NAFLD
The majority of individuals with early NAFLD do not Progress to NASH.
However, those individuals that do are at far higher risk of progression to cirrhosis
with subsequent HCC or liver death. There is thus a need for robust methods to assess
(i) who has NASH, and (ii) who will progress toNASH. Safe, proven and costeffective therapy for NASH remains sought after.
14
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The few major factors for the accumulation of excess liver fat are overweight,
obesity and also insulin resistance beside many other well recognized causes
(disorders of lipid metabolism; medication such as diltiazem,tamoxifen, amiodarone,
steroids, synthetic estrogens, refeeding syndrome; total parenteral nutrition,
lipodystrophy, severe weight loss following jejunileal or gastric bypass and highly
active antiretroviral therapy; and toxic exposure to organic solvents. During process
of history taking physcians may be able in order to avoid many of these potential
parameters although in some individuals an overlap between fatty liver secondary to
alcohol intake in excess and NAFLD may probably occurs.Drinking less alcohol up to
30gm daily have less hazards for ALD (alcoholic liver disease) as shown by
prevoious studies [42]. Sometime this is quoted as an artificial threshold for
differentiating NAFLD from ALD. However others opins in this regard of lower
threshold values [43].
2.1.2

SYMPTOMS

In many cases of NAFLD, there are no symptoms to be measured. However, the
following signs could be helpful to mark the disease:
•

Pain in the upper right side of the abdomen

•

Fatigue

•

An enlarged liver or spleen (usually observed by a doctor during examination)

•

Ascites, or swelling in your belly

•

Jaundice, or yellowing of your skin and eyes

If NAFLD progresses to cirrhosis, symptoms may include:
•

Mental confusion

•

Internal bleeding

•

Fluid retention

•

Loss of healthy liver function
15
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CAUSES

The exact causes of NAFLD are not well understood. There appears to be a
connection between the disease and insulin resistance. When humen muscles and
tissue need glucose (sugar) for energy, insulin helps unlock cells to take in glucose
from your blood. Insulin also helps the liver store excess glucose.
When your body develops insulin resistance, it means your cells don’t naturally
respond to the insulin the way they should. As a result, an excessive amount of fat
ends up in the liver. This can lead to inflammation and liver scarring.

2.1.4

RISK FACTORS

NAFLD affects an estimated 20 percent of the population. Insulin resistance appears
to be the strongest risk factor, though you can have NAFLD without being insulin
resistant. People who are most likely to develop insulin resistance include people who
are overweight or lead a sedentary lifestyle.
Other risk factors for NAFLD include:
•

Diabetes

•

High cholesterol levels

•

High triglyceride levels

•

Use of corticosteroids

•

Use of certain medications for cancer, including tamoxifen for breast cancer

•

Pregnancy

Poor eating habits or sudden weight loss may also raise your risk of NAFLD.

2.1.5

EPIDEMILOGY

The prevalence of NAFLD varies between 20-30% in unselected population from
developed countries and 2-3% of this population may have NASH [44]. There is a
parallel increase in the prevalence of NAFLD in the sub group studied with the
variation in the body weight or body mass index (BMI). As these parameters increases
16
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prevalence is aso increases. Prevalence of hepatic steatosis in obese persons
(BMI>35kg/m2) is estimated at 60-75% [45] and 80-90% [46] respectively.
Moreover, the prevalence of NASH increase disproportionately in obese individuals;
this has become evident from many studies, that as many as 15-20% of overweight
and obese persons may have fatty liver disease including NASH. Similarly a large no
of individuals with NAFLD are obese or overweight [47]. NAFLD is to be suspected
in those individuals showing laboratory profile and clinical signs consistent with that
ofinsulin resistance. A significant number of individuals with fatty liver disease,
often considered a benign condition, will lead to more severe hepatic complications
including NASH with or without Fibrosis, liver cirrhosis and sometime liver cancer.
Histopathological assessment of liver tissue is the most proven way of examinations
to differentiate between simple steatosis and that of NASH, a condition that later on
more probably can lead to hepatic cirrhosis. NAFLD is generally linked with
overweight, obesity, Type-2 diabetes, dyslipidaemia, impaired glucose tolerance and
insulin resistance, all of which are components of the metabolic syndrome strongly
supporting the notion that hepatic manifestation of this syndrome is called
NAFLD[45].
The statistical data demonstrated that 20-70% of fatty liver cases have Type-2
diabetes and 11-75% of population with diabetes has been reported of having NAFLD
[46]. Studies on NASH patients suggests that between 50-90% will be obese, up to
80% may have dyslipidemia [47] and approximately more than half of them may have
diabetes mellitus Type-2. The recent literature suggests that the presence of NAFLD
in DM Type-2 patients may also be linked to increased cardiovascular disease (CVD)
risk [48]. The identification of NAFLD in DM Type-2 may help in CVD risk
prediction with important management implications.
17
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COMPLICATIONS OF NAFLD

The main risk of NAFLD is cirrhosis, which can limit the liver’s ability to do its job.
The liver has several important functions, including:
•

Production of bile, which helps break down fats and remove waste products
from the body

•

Drugs and toxins metabolism

•

Balancing fluid levels in the body through protein production

•

Processing hemoglobin and storing iron

•

Conversion of ammonia in the blood to harmless urea for excretion

•

Storing and releasing glucose (sugar) as needed for energy

•

Producing cholesterol, which is necessary for cellular health

•

Removing bacteria from blood

•

Producing immune factors to fight infections

•

Regulating blood clotting
Cirrhosis can sometimes progress to liver cancer or liver failure. In some

cases, liver failure can be treated with medications, but usually a liver transplant is
needed.
Mild cases of NAFLD may not lead to serious liver problems or other
complications. For mild cases, early diagnosis and lifestyle changes are vital in
preserving liver health.

2.1.7

NAFLD DIAGNOSIS

NAFLD has usually no symptoms. So diagnosing the problem often starts after a
blood test finds higher-than-normal levels of liver enzymes. A standard blood test
could reveal these results.
High levels of liver enzymes could also suggest other liver diseases. Your
doctor will need to rule out other conditions before diagnosing NAFLD.An ultrasound
of the liver can help reveal excessive fat content in the liver. Another type of
18
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ultrasound, called transient elastography, measures your liver’s stiffness. Greater
stiffness suggests greater scarring.If these tests are in conclusive, the doctormay
recommend a liver biopsy. In this test, the doctor removes a small sample of liver
tissue with a needle inserted through your abdomen. The sample is studied in a lab for
signs of inflammation and scarring. If you have symptoms such as right-side
abdominal pain, jaundice, or swelling, don’t hesitate to see a physcian.
2.1.8

CLINICAL FINDINGS

Most of the individuals are diagnosed upon abnormal routine biochemistry because
NAFLD cases are almost apparently asymptomatic. Some of the reported symptomsin
such cases may include upperright side pain, discomfort, fatigue and the most
commonly hepatomegaly [49]. In most of the cases abdominal ultrasound performed
for other purposes e.g. metabolic syndrome or cardiovascular risk factors give a clue
about NAFLD. In some cases when advanced cirrhosis develops prior to diagnoseits
presentation is almost similar to other causes, with clinical features including
splenomegaly, ascites, bruising and this all ultimately may leads to jaundice. Infect
NAFLD is now considered as the

most common cause for the occurence of

cryptogenic cirrhosis [50]. It has been also estimated regarding the diagnosis of
NAFLD that it is the underlying cause in 18 % of liver transplant cases.
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Figure 2.2:Mechanism of insulinresistance in liver cells via
deposition of ectopic fat
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ROUTINE BIOCHEMISTRY TESTS

The overweight and obese individuals having abnormalaties in their liver function
test (LFTs) are normally suspected of having ALD and NAFLD.Individuals with
raised or high-normal fasting blood sugar, elevated fasting triglyceride (TG) and low
high density lipoprotein cholesterol (HDL-c) is likely to have NAFLD (Table-2.1).
Based on this type of clinical information commonly available and routine abnormal
biochemistry tests, physcians are more often alerted regarding theNAFLD suspected
presence in such individuals. The coincidental discovery of fatty liver upon abdominal
ultrasonography for other reasons will often require the clinician to differentiate
between the two alike conditions NAFLD and ALD. The various patterns of clinical
and biochemical findings regarding these two will often be informative, although it is
known that none of the single parameter can clearly differentiate among the two. In
the case of alcoholic liver disease AST/ALT concentration ratio>1, unlike NAFLD.
Furthermore excess alcohol intake often results hypertriglyceridaemia together with
high HDL cholesterol in a pattern that is not consistent with NAFLD and insulin
resistance. Some individual may have mixed types of patterns, owing to both
overweight, obesity-related and alcohol related factors contributions. Some
individuals can Present mixed patterns. Typical biochemical and Clinical parameters
in NAFLD and ALD are shown in Table-2.1.
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Table 2.1:Common parameters recognized in NAFLD and
ALD
Feature/ parameters

ALD

NAFLD

ALT

→

↑

AST

↑

→

ALT/AST
< 1.0

ALT/AST ratio

GGT

↑↑

ALT /AST >1.0 (may be
reversed in hepatocellular
necrosis)
→↑

Mean corpuscular
Volume
Weight
Fasting suger

↑

→

↓→↑
→

↑↑
→↑

↑↑

↓

↑(Reliant on patient)
↑ or ↑↑

↓
↑

HDL-c
History of alcohol Intake
TG

2.1.10 LFT’S AND OTHER SERUM MARKERS
Fatty liver disease is the most common cause of abnormal liver function tests among
adults in western countries[40]. NAFLD is commonly linked with raised serum levels
of ALT and GGT(γ-glutamyltransferase) and these both analysts are recognized
among the surrogate markers which indicates fat accumulation in liver. However,
these markers are neither sufficient to fullfill the purpose and not vary sensitive or
specific in the way to diagnose NAFLD. When combined with clinical findings, GGT
and ALT are of most clinical use. It is worth mentioning that in cirrhosis the AST
concentration can be higher than ALT and thus in patients with known NAFLD, a
raising concentration of AST and reversal of the ALT/AST ratio is a bad prognostic
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sign. Generally raised ALT has been seen in patients with metabolic syndrome. ALT
level is particularly linked with being obese and overweight and the strongest
determinants in this regard are higher truncal obesity,increasedwaist circumference,
raisedserum insulin level all are markers of insulin resistance [40]. Raised ALT has
been shown to correlate with a variety of features present in case offatty
liver/metabolic syndrome [52]. Both of the enzymes GGT and ALT tends to correlate
with the liver fat quantity present as measured by MRI scan or ultarasonography in
adults [53] and children’s [54]. Generally, GGT is considered the non specific marker
in case of liver disease while raised in NAFLD and it also correlates with features of
fatty liver disease[55] as already mentioned that NAFLD is hepatic manifestation of
metabolic syndrome[40]. Other additional markers of interest which are produced by
the liver include plasminogen activator inhibitor-1, ferritin and SHGB(sex hormone
binding globulin) [56]. However,these markers are rarely used for NAFLD detection.
These and some other hepatic markers may be significantly changed with increase in
hepatic fat contents.Some of which are in clinical use for other purposes therefore,
they may provide clue for more clinical interventions and investigation in measuring
the total hepatic fat content and their risk for the progression of NAFLD. A number of
biochemistry tests are available which discriminates NASH from steatosis and results
have been available. A combination of HOMA-IR (homeostasis model assessment of
insulin resistance), serum adinopectin and type 4 collagen 7s at cut-off limits of
<4.0mg/ml>3.0 and >5.0 ng/ml for identifying early NASH, was shown to have
aspecifity of 74% and sensitivity of 94% respectively[57]. For identifying NASH an
apokine of these low adinopectin was found to be more powerful and effective while
having a sensitivity of 68% and specify of 79% respectively. In another study,it was
found that there was significant difference in Hyaluronic Acid (HA) level among the
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two groups (steatosis level was 30.1 mg/l (mean) while NASH level was 91.9 mg/l
(mean); p-value = 0.029) and the hyaluronic acid was the independent predictor for
the diagnosis of liver fibrosis [40]. There was no significant difference in adiponectin
level in later study. In the diagnosis of NASH such parameters seems to be rarely used
however, other useful biochemical markers to helpful in investigating liver fibrosis
include ELF (enhanced liver fibrosis) score,laminin,(age-terminal peptide of Type-III
collagen,HA, tissue inhibitor of matrix metalloproteinase-1).
2.1.11 IMAGING
Ultrasound, CT scan and MRI may be used for the diagnosis of steatosis. Ultrasound
the most economical diagnostic option in this regard, has been reported in most of the
cases to have specificity of 93% and a sensitivity of 89 % while diagnosing fatty
liver[58]. The performance of ultrasound is considerably weaker in the morbidly
obese individuals; a recent study quoted a specificity of 75% and a sensitivity of only
49%[59]. The decision for requisitioning hepatic ultrasound in the suspected
individuals with NAFLD is still debatable and probably will remain so till the time
any therapeutic interventions are proved to be effective in this regard. Proponent’s
advocates a comparatively low threshold for ultrasonography requisitions in all
individuals to be suspected of having fatty liver disease. MRI(magnatic resonence
imaging) scanning is very useful and in particularly it is very effective inliver fat
content quantification, a useful tool used as adjunct in many clinical studies.
However, imagings play no role or very minor while staging NAFLD [60].
Ultrasound have several limitations; have relatively poor performance in high obese
individuals and inability to differentiate NASH from simple steatosis, significant
variably in reporting and the lack of an agreed grading system.In our opinion the
additional edge and utility as a usefull tool of imaging based investigation in
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diagnosing NAFLD are questionable in cases with distinct clinical signs and
symptoms of insulin resistance as practically treatment options are unlikely to be
changed. Such type of patients are recomended a thorough examination for diabetes
mellitus Type-2 and cardiovascular risk (blood pressure, congestive cardiac failure,
smoking status, cholesterol , age) and facilitated in acheiving reasonably sustained
weight reduction whether steatosis exists, absent or not yet clear. It will be quite
reasonable and clinically suitable to defer ultrasonography in subjects with mild
elevation in serum ALT concentration (< 3 *the normal upper limit) and in
individuals presenting clinical features of insulin resistance. Ultrasound is
recommended to be performed only in those individuals having moderate or marked
increase in serum level ofliver enzymes, particularly those individuals who are more
likely to have NASH and require liver biopsy and also those with persistent liver
enzymes raised levels despite adequate weight loss as well in cases where diagnostic
doubts already exists. An imaging technique for diagnosing of fatty liver will be
highly appreciated that can differentiate among simple steatosis and NASH and could
also allow some what bigger clinical trials and non invasive follow up in such type of
individuals. A recent published study showed some promising results on subject
matter involving injecting gadolinium-ethoxybenzyl-diethylenetriamine penta-acetic
acid in male rats with or with either steatosisor NASH followed by magnetic
resonance imaging (MRI) [61].
2.1.12 HISTOLOGY
The only proven and effective method to distinguish between simple steatosis and
NASH is histological examination. Although biopsy is usefull and facilitates
diagnosis, helpful in prognostic information and effective in the selection for
surveillance testing of fatty liver cases forHepatocellular Carcinoma (HCC) and
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cirrhosis complications, but presently clear guidelines are not present for biopsy in
NAFLD. Therefore the disadvantages must also be carefully considered. Biopsy
introduces many risks even if performed by expert hands, the potential for false
negative reporting exists as liver tissue tend to be unevenly distributed, variations has
been reported in interpretations of histological sections . To address this type of issues
a scoring system has been formulated and adapted by the clinical research fellows on
NAFLD, [61] the same has been pointed out in the British society of gastroenterology
guidelines for liver biopsy; in all NAFLD cases the cost of biopsy would be
prohibitive. It is worth mentioning that on this issue there is still lack of consensus,
regarding histological criteria for classification of NAFLD [40]. Divergent opinions
exist while diagnosing regarding the decision that which histological features are
necessarily important and their definitions. Features currently under active
consideration are the fibrosis, variations found at different ages, the amount and
patterns of fat accumulation and lobular inflammation. Evidence of better clinical
outcomes for NASH in trials and imaging modalities with the scope to identify NASH
will determine the requirement for liver biopsy in NAFLD in the future. It is well
unerstood that till date there is no licensed treatment for NASH if diagnosed.
2.1.13 ALOGRITHMS TO DETECT CASES OF NASH
Algorithms are considered to be quite helpful in detecting and diagnosing individuals
with a higher likelihood of havingNASH. In a study population of 144 patients
suffered with NASH, 39 of whom had observed with severe fibrosis it was found that
age > 45 years, particularly in the presence of diabetes type-2 and/or obesity was
strongly found to be predictive for fibrosis [62]. While investigating 93 overweight
patients while having a profile of abnormal liver function tests and no clear
explanation it was concluded that age>50 years, BMI >28kg/m2, elevated ALT and
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hypertriglyceridemia were found risk factors independently associated with septal
fibrosis[63]. It had been tried by the Published algorithms to resolve the issue of
detecting and diagnosing individuals with a higher likelihood of NASH. A promising
results have been shown by the currently suggested various scoring system combining
these factors was shown to significantly decrease the volume of cases having
requirement of liver biopsy [64].
2.1.14 NOVEL METHODS TO DETECT NASH/FIBROSIS
Fibro scan (transient elastograhy) is a unique and non-invasive technique utilized for
stiffness measurement of the liver tissue and also provides information on the level
and severity of fibrosis. Vibrations are transmitted inside the liver by an electronic
probe; ultrasound measures the speed and velocity of the propagating waves which
gives an estimate of liver fibrosis. A large number of liver biopsies can be avoided
with Fibroscan®, already a good correlation between the Fibroscan® and fibrosis
histological grading have been shown by some studies[65]. However, due to inter
observer variability in reporting Fibroscan® is not considered very much reliable
technique for advanced stage fibrosis diagnosis in individuals with visceral obesity or
fatty liver[66]. Therefore, currently it is not considered as very much practical and
reliable technique for this purpose.
2.1.15 CONSIDERATIONS FOR BIOPSY
At present it will be more logical to curtail biopsies and limit patient to be considered
suitable for biopsy to only those one cases who are likely of having advance liver
disease (predictors regarding therefore, include age> 45 years, Type-2 diabetes,
AST/ALT ratio >1, BMI>30kg/m2) and patients with persistent raised threshold of
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liver enzymes despite providing adequate treatment for individual features and
complications of insulin resistance syndrome.
2.1.16 PATHOGENESIS
There are complex causes of NAFLD and is very difficult to understand
completely.However, overweight obesity and diabetes are considered as the most
prominent contributing factors. It is known fact that fat tissue is metabolically very
active and has effects and interactions with other tissue throughout the body. When
excess amount of fats are available for interactions with other tissues as in case of
obesity it become metabolically active and causes inflammation. This inflamed fat in
turn causes release of some proteins and harmones in to the blood stream through out
the body. These proteins and harmones cause among many other effects insulin
resistance. Insulin resistance is a syndrome in which body cells become resistant to
insulin. In addition these circulating fats also release some fats in the form of fatty
acids. This may raise the level of fatty acids in the blood stream. As the large amount
of fats are deposited in the liver which in addition to inflammation and toxicity may
also lowers hepatic functional performance.
2.1.17 HEPATIC FAT SOURCE
The deposition of ectopic fat especially inside the liver and skeletal muscle cells is of
tremendous importance, although increased body fat as found in obese and
overweight individuals is an important factor which predicts insulin resistance. Liver
Fat deposits cause may be particularly due to three sources namely routine dietary
content, circulating Non-Esterified Fatty Acids (NEFAs) and denovo synthesis from
body fat deposits. It is well known fact that high fat diets can cause hepatic steatosis.
However, it is estimated that approximately 60% of the total hepatic fat content has to
be derived from the circulating NEFAs in subjects with fatty liver on a routine
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normal fat cotent containing diet [67]. There is a strong thought that peripheral insulin
resistance is increasing NEFAs due to reduction in suppression of adipocyte lipolysis.
However some other studies on subject matter reveal that this approach may be very
simplistic and some other mechanisms may also operate [67]. It is therefore argued
that in morbidly obese subjects compared with their lean counterparts circulating
NEFAs released from adipocites are relaticely higher. Systemic values calculated are
actually lower when these parameters are expressed in terms of total body fat content;
which indicates some form of metabolic compensation by adipocites in the adipose
tissue. Hence, it is well esteblished fact that an increased NEFAs flux is generally
associated with hepatic steatosis.
2.1.18 HEPATIC FAT AND INSULIN RESISTENCE
The increased intracellular lipid presence and by-products of lipids may cause
important knock-on effects. In the skeletal muscle, NEFAs increased level may leads
to insulin resistance by the following mechanism; in the routine normal health state,
the insulin stimulation of Insulin Receptor Substrate-1 (IRS) in the muscle cells may
lead to activation of intracellular enzyme the Phospho-Inositide 3-Kinase (PI 3K)
which can causes activation of GLUT (glucose transporter-4) and thus allowing entry
of glucose. An elevated level in NEFAs concentration with concomitant raise in
intracellular metabolites (diacylglycerol) however, diminishes the PI 3K activity and
may cause a decline in glucose cellular entry [68]. The decreased in the activity of
P13 K will leads to increased volume of dysfunctional cellular glucose production.
Thus in the prevailing circumstances the liver at times is exposed to some additional
and extra amount of circulating NEFAswhich may be derived from adipocites in the
adipose tissue, both visceraland peripheral and potentially some other similar
potential sources. It has been also postulated that a process very similar to that in
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muscle cells may occur in liver cells as well; in the insulin resistant state, increased
circulating NEFAS will leads to intracellular deposition of some chemicals like
diaceylglycerol which in turn may leads to decrease in phosphorylation of IRS-2 via
activation of an enzyme serine kinase cascade (Figure2.2). Inflammatory pathways
are also considered among the contributing factors to insulin resistance.
2.1.19 LIVER FAT AND INFLAMMATIONS
There is sufficient data that provide evidence of correlation between chronic
inflammation and hepatic steatosis and a key elementin this regards appears to be
Nuclear Factor-KB (NF-KB). NF-KB is cosidered as a transcription factor activated
up stream by an other factor i, e IKKB [IKB (inhibitory KB)B]. It has also been
shown in animal models that ahigh fat diet resultant hepatic steatosis may leads to
elevated level of NF-KB signaling in the liver [69]. It is also evident in the same
studythat in rats inflammation of their livers in the shape of isolated increased NF-KB
expression may lead to insulin resistance [70]. NF-KB activation then induces the
formation of local as well as systemic inflammatory mediators, such as TNF-α, IL
(interleukin) -6, IL IB which all are considered to be responsible for the further
progression of NAFLD and also leads to activation of Kupffer cells and macrophages
within the liver tissue. Unlike proposed Two-Hit Theory this evidence clearly
supports single process involvement that may be responsible for further progression
and development of fatty liver disease. In the Two-Hit Model a separate insult is
needed for progression in to inflammation, steatosis and ultimately fibrosis while on
the other hand a primary insult leads to fat accumulation.
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2.1.20 LEADING FACTORS DISTINGUISHING BETWEEN STEATOSIS
AND NASHAND PREDICT PROGRESSION OF NAFLD
As discussed above published cohort studies in groups with different stages and
severity of liver disease and with varied biochemical and physical features have at
least made it easier for comparisons making and further algorithms have been
suggested. In current scenario, there are no such studies which can be proved of
adequate importance while using frequent and sequential liver biopsies particularly in
those individuals having simple steatosis for identifications of such features that
might predict progression to NASH and cirrhosis however, it has been keenly
observed that conclusions from such type of studies are not uniform and consistent.
In a recently conducted study in Korea, while comparing simple steatosis and
NASHgroups (n=39) only mass difference was found significant whereas the routine
biochemistry was not different significantly [71]. The HOMA-IR ability in order to
measure insulin resistance in predicting NASH in selected population group has also
been investigated, In one of the study in obese and overweight patients prior to their
gastric bypass surgery HOMA-IR>5.8 gave an odd ratio of 4.8 [72] while in another
similer study based on NAFLD population cohort study the area under the curve
(AUC) of the Receiver Operator Characteristic (ROC) was 0.757 [35].
Naturally, more data for this purpose is required in order to predict disease
progression and to help differentiate between different stages of fatty liver disease.
Dietary composition may be more relevant although, beside all this excess calorie
intake is itself a higher risk factor for the prevelance of fatty liver disease. Other
common possible risk factors for fatty liver disease occurrence and progression may
include family history of prevalenceand race. There is also a strong evidence of
family clustering of individuals with NASH [73]. In a small study while comparing
the dietary intake of 25 non- diabetic and non-obese individuals with NASH and 25
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normal other individuals’ age-gender and BMI-matched controls. The dietary intake
of those with NASH individuals contained significantly lower levels of vitamins C, E
and other poly unsaturated fats plus significantly more saturated fat [74]. The off
springs of such parents with family history of diabetes were found more proven to
diabetes and have also found with raised plasma NEFAs level as compared with
control subjects.
It has also been reported in an observational study, that despite the fact of
similar levels of severity of Type-2 diabetes in both of the groups a comparatively
higher incidence rate of cryptogenic liver cirrhosis and liver cirrhosis were attributing
factors to NASH in Hispanics patients on the other hand a lower incidence rate was
found in African-Americans [75]. The reason is the popualtion group of AfricanAmericans is in controlling and maintaining better control over cholesterollevel (high
HDL cholesteroland low triglycerides), despite this a greater incidence rate of
diabetes.
2.1.21 ROLE OF GENETICS IN NAFLD PREVALENCE
A wide range of research is going on in order to know regarding genetics contribution
in occurrence and progression of NAFLD which till date remains to be fully
elucidated. In fact in people with similar metabolic characteristic the broad range of
NAFLD phenotype found to be complex genetic contribution. Examples include
TNF-α polymorphism [75] and microsomal triglycerol transfer protein gene [76]. It is
still required further exploration to confirm the exact linkage for the said mechanism.
2.1.22 NAFLD IN CHILDREN
As in adults, fatty liver disease in children too is emerging and growing rapidly as a
significant health threat and complication. Obesity and overweight is considered in
children also as a future and current health problem which need due consideration on
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part of health care providers and policy makers. High quality studies in unselected
groups of children’s regarding prevalence of fatty liver disease are still lacking.
Existing studies while using different diagnostic techniques e, g raised serum
concentration of ALT, ultrasound and liver histology are making comparison difficult.
Some studies from Asia and USA suggest prevalence rate between 2.5 and 9.5% [77].
Studies of the obese/ overweight subgroups are affected by similar limitations,
without mentioning differences in defining the childhood obesity. NAFLD prevalence
is found to be more common in boys, whites and Hispanics children’s as compared
with girls, blacks and other ethnic group children’s [78]. In children’s the NAFLD
prevalence natural history is poorly understood although liver cirrhosis may rarely
develop as in adults. In adults patients who had NAFLD in childhood cases of HCC
have been reported among them [79]. The NASH histological changes varies in
children’s from that of adults as fibrotic changes and inflammation are almost seen in
periportal or portal type regions [80].
The NAFLD differential screening and diagnosis in children’s population also
varies from adults, primarily lying in between inflammatory and metabolic conditions.
The recent guidelines about the use and selection of timings for liver biopsy in
children’s states that in those cases having marked abnormal LFT,S biopsy should be
considered early priority[81]. There is a little evidence in children’s NAFLD
demonstrating a benefit of therapy.
2.1.23 TREATMENT
There is no specific medication or procedure to treat NAFLD. Instead, the doctor’s
recomend several important lifestyle changes which include:
•

Lifestyle changes (exercise, weight loss, diet)

•

losing weight if you’re obese or overweight
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•

Eating a diet made of mostly fruits, vegetables, and whole grains

•

Exercising at least 30 minutes daily

•

Controlling your cholesterol and blood glucose levels

•

Avoiding alcohol

•

Medications

•

Supplements (antioxidants)

•

Omega-3 fatty acids

•

Surgery and

•

Liver transplantation.
It’s also important to follow up on doctor appointments and to report any new

symptoms as they develop.If one can make the recommended lifestyle changes early
on, he or she may be able to preserve good liver health for a long time. People may
even be able to reverse liver damage in the earliest stages of the disease. Even if you
don’t feel any symptoms from NAFLD, that doesn’t mean liver scarring isn’t already
occurring. To reduce your risk, follow a healthy lifestyle and have regular blood work
done, including liver enzyme tests.

Diet For Fatty Liver Patients
The normal treatment for fatty liver disease, whether it's alcohol-related or not, is to
work toward a healthy weight through diet and exercise.What should have a place on
your plate?
In general, foods that fight cell damage make it easier for your body to use
insulin, or lower inflammation can help reverse the condition.
Since every person is different, therefore, every individual should work with
his/her own physician to come up with an eating plan that's right for the individual.
Although the Mediterranean diet wasn't originally meant for people with fatty
liver disease, however, this style of eating combines the kinds of foods that help
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reduce fat in your liver: healthy fats, antioxidants, and complex carbohydrates. The
best examples of such food include:
•

Fish

•

Fruits

•

Grains

•

Nuts

•

Olive oil

•

Vegetables

Our cells use glucose, a kind of sugar, for energy. The hormone insulin helps get
the glucose better utilization.
At present for treating NAFLD, no medical or surgical intervention have been
approved and also there is lake of evidence from prospective double- blind
randomized trials while showing the impact of any treatment modality on long-term
important outcomes and measure, such as cirrhosis, fibrosis and HCC. Until further
progress and forthcoming, such data, the present therapy focus must remain on future
diabetes risk reduction (via diet control and enhanced physical activities,
cardiovascular risk management (suitable therapy for hypertension and dyslipidemia
in those at high risk) and potentially facilitating waist circumference or weight
reduction. Nevertheless, improvements in liver enzymes and histology have been
shown with numerous interventions suggests that just it is possible that for NAFLD
beneficial and effective therapy will be confirmed before long to resolve this long
lasting issue.
The findings of some small studies on subject matter are described below,
however in the presence of NAFLD the listed therapies should not be certainly
withhold.
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2.1.24 LIFE-STYLE MEDIATED WEIGHT LOSS
As a logical and generally recommended method for the reduction of liver fat content
is through reduced caloric intake, increased physical activity and weight loss via lifestyle mediated changes. To support this position there is lake of data from controlled
randomized studies at present, However improvement in LFT,S, liver ultrasound have
been shown in a number of case studieswithout comparison with a control group.
LFT,S improves significantly in those individuals who lost through any mean a
significant amount of weight i.e. ±10% compare to those who did not losttheir weight
significantly. This was found in two studies while studying the effect of weight loss
on LFT,S [82]. This suggest that a decrease in the liver fat content is linked with total
weight loss. In another study in overweight patients with NAFLD (n=25) comparing
intensive life style modification with no life style changes for a duration of 03 months
revealed improvements in all histological measured parameters in the treated groups
although these did not reached the statistically significant range [83].
2.1.25 MEDICATIONS
Various medications have been used for the treatment of NAFLD including weight
reducing and insulin sensitizing agents in different studies. Generally these studies
lacks control group and are often small. Medications and other treatment options
include:
a. Weight- Loss Drugs
Treatment with lipase inhibitors like orlistate have reduced fat absorption with
marked improvements in LFT,S , hepatic ultrasound and histology as revealed by
various published pilot studies[86]. In another study improvements in LFT,S and
reduced liver fat on ultrasonography was found by both the agents while comparing
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orlistate(n=12) and sibutramin(n=13) a serotonin and nor adrenaline central reuptake
inhibitor[84].
b. Insulin Sensitizing Agents
Oral hypoglycemic agents like metformin and thiazolidinedione’s are very effective
agents in fatty liver disease. Glitazones are considered as a drug of choice in
redistributing fat from ectopic source particularly liver in subcutaneous areas but in
some patients over all weight is markedly increased also peripheral edema and heart
failure have been seen with long term use of glitazones [85]. Glitazones appears to
have some additional cardiovascular advantages but recent studies on the subject
matter have findings that it can increase future cardiovascular complications risk up to
some extent [89]. Similarly, ALT concentrations reduced significantly from 104
units/L to 42 units/Lin another uncontrolled study while treating 30 patients with
rosiglitazone 8mg/day for duration of 48 weeks [86] despite weight gain in most of
the patients histological grading also improved. After the treatment, it was found that
10 patients out of a total of 22 had no longer NASH, however ALT concentrations
had returned to pre treatment levels 06 months after the trial was endedand the
therapy was completed. In another uncontrolled study while treating 18 patients with
pioglitazone 30mg/day for a period of 48 weeks resultantly significantly reduced both
liver fat content and serum ALT [87]. In a randomized controlled study in 55 patients
for a duration of 6 months comparing hypocaloric diet plus placebo with pioglitazone
45mg daily plus hypo caloric diet in patients with biopsy confirmed NASH and
impaired glucose tolerance or Type-2 diabetes [88], both serum ALT and hepatic
steatosis significantly reduced in pioglitazone group in contrast to only diet managed
group. The Metformin treatment resulted in less histological improvements and
smaller reduction in ALT [89]. Due to concomitant dyslipidemia, and cardiovascular
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risk statins are advised in numerous patients with NAFLD. In NAFLD statin therapy,
certainly appears safe and effective and it may not be avoided due to mild abnormal
transaminase level [90]. A small placebo controlled recently published regarding
statins have findings of some evidence of improvements in liver histology [91]. No
benefit has been shown by fibrate therapy so far [92] and variable results have been
produced by Vitamin-E therapy [93].
A significant reduction in hepatic steatosis was found with Vitamin-E and
UDCA (Ursodeoxycolic acid) combination therapy for duration of two years in one of
the only controlled placebo study so far[94]. UDCA alone therapy reduced serum
ALT and did not improved histology. In two small studies improvements in liver
histology was found with the Angiotensin-II Blocker, losartan potassium treatment
[95].
c. Surgery
Obesity surgery can improve NAFLD resolution or staging as shown by already
published data with a follow up of over 18-24 months duration. Following
laparoscopic bypass surgery and concomitant loss in weight (50±2 kg) and
determined by liver biopsy [96] considerable improvements in the prevalence of
steatosis was found (2.9% post operatively to 90% preoperatively), centrilobular
fibrosis (25% down to previous 50%) and hepatocellular ballooning (0% post
operatively to 58.9% preoperatively) [97]. In another similar study [96] considerable
improvements resembling to previous study results in hepatocellular ballooning
fibrosis and steatosis. On a group of 18 patients in this later study, steatosis resolved
in 75% patients and NASH resolved in 84% of the patients. Promising improvements
in liver histology has been found with laparoscopic adjustable banding and
concomitant weight loss [98].
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2.1.26 NAFLD CORRELATION WITH ONSET OF DIABETES TYPE-2
The NAFLD diagnosis and timely treatment can help in better disease prediction and
treatment modalities. There are also possibilities that therapies which resolve steatosis
and improve NAFLD staging may also lead to improved changes in patient outcomes.
The occurrence ofdiabetes Type-2 and cardiovascular disease are strongly associated
with NAFLD. Warrant life style advice is extended to individuals with NAFLD if not
already diagnosed with diabetes. Also regular measurement of blood pressure and
check on lipid profile for ascertaining of cardiovascular risk is recommended for such
individuals. There is clear evidence about future development of diabetes Type-2 with
markers associated with fatty liver. In (WOSCOPS) west of Scotland study over[17] a
distinct fatty liver marker, ALT was found toassociated independently with diabetes
Type-2 onset and development. Furthermore, ALT sustained moderate elevation for a
period of 18 months was found to be associated with conversion in to diabetes in
WOSCOPS [99].
NAFLD the simple steatosis with ultimate progression to advance stages like
NASH with or with out fibrosis and cirrhosis is quite common and also clearly
associated with overweight, obesity and in many cases with insulin resistance. Since
liver fat tries to impedes liver glucose metabolism therefore subjects with NAFLD are
at high risk for developing diabetes Type-2. Furthermore, life style advice and
conventional cardiovascular risk factor screening for individuals with NAFLD due to
having high risk for developing these disease. In the majority of cases routine blood
results and clinical findings will definitely helpful in distinguishing between ALD and
NAFLD. The timely diagnosis and treatment of NASH is very important due to high
risk and chances of further progression to cirrhosis and HCC. At present the only
reliable and effective method to diagnose NASH is histology. In cases at high risk to
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NASH and liver fibrosis, liver biopsy should be duly considered. Many therapies have
been found effective in maintaining serum ALT and improving histology, due
consideration of benefits and costs is needed before instituting these therapeutic
modalities in order to treat NAFLD.

2.2 NIGELLA SATIVA
Medicinal plants being a major source of therapeutic agents have got tremendous
importance, because of their uses for the treatment of many challenging disease since
ancient times. In indopak after many studies it was identified that more than 2200
species ofaromatic and medicinal plants have got therapeutic potential, therefore this
part of world is considered as “botanical garden of the world”. In natural drugs the
revival of interest started in the last decade due to wide spread belief that synthetic
drugs have serious side effects while green medicine is healthier and having less side
effects. Medicinal plants industries are growing due to customer likeness of natural
products worldwide green products industry annual growth rate is 7-15%. The
development and evaluation of new drugs from natural sources, are gaining
tremendous importance despite the higher advancement in the allopathic medicine.
The WHO has been encouraging since 1980s the countries to identify and exploit the
utilization of natural medicines. This stratagy likely seems to be even more relevant
and useful for the developing economies, where the cost of drug developement and
evaluation is prohibitive the indopak traditional system of medicine names tibb-anabvi , Ayurveda, biochemic and siddha are basically plant based system , a vast area
of research and development had been again opened by the evaluation and utilization
of new drugs especially plant based obtained materials . As per WHO protocols, for
40

CHAPTER No. 2

LITERATURE REVIEW

the treatment of various diseases about 80% of the people in the world are dependent
on the utilization of traditional medicines, therefore, the evaluation and developement
of rich heritage of alternative and complementary medicine is vary much important
and essential. In this connection, Nigella sativa,linn is among such plants which is a
rennunculacea family small elegant and annual flowering herb cultivated and
distributed in nearly through out the Southeast Asia[100]. According to our great
religion Islam, it is considered as one of the greatestang magic form of curing
remedynaturally available. The Holy Prophet Peace be upon him once stated that
except death it can cure all disease. The canons of medicine the great scientist
Avicenna most famous volume refer to help recovery from fatigue and dispiritedness
because it stimulates body energy system. According to the traditions “hold on to the
use of black seeds for the cure andhealing of all the disease’ so it is also enlisted in the
catalog of the natural sources drugs of “Tibb-E-Nabavi” or medicine of the Prophet
Muhammad (PBUH).Nigella sativa is considered as a proven and effective remedy
for a number of illnesses in the unani tibb system of medicine. In the Southeast Asia,
the seeds of the plant are used as diuretic, emmenagigue, intermittent fever, jaundice,
piles, skin disease, paralysis etc [101]. The aims and objective of the present study on
the subject matter is to evaluate and highlight the pharmacognostical, traditional uses,
pharmacological and pytochemical analysis carried out on thismedicinal plant so that
more clinical and animal studies could be performed, so that exploited potential may
be further investigated and more people could be benefited.
Nigella sativais a small and elegant plant that belongs to renunculacea family,
its common name as Nigella Sativa or black seed commonly cultivated and found in
southeast asia, Lebanon, southern Europe, Syria and Israel. Annual herb about 45 cm
in height its flower is pale blue 2.0-2.5 cm long linear-lanceolate capsule 1.2cm long ;
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seeds flattened, angular oblong, funnel shaped, small 0.2 cm long and 0.1 cm wide
and having black color [102].
It is normally, cultivated between November to April on dry soil and its seeds
germinate in 10 to 15 days, from the month of January to April its flowering and
fruitening occur. It can also be propagated and cultivated from aseptically grown
seedlings and the callus culture invitro from stem,root and leaf explants [103].
2.2.1

Pharmacognostic Attributes of Nigella SativaSeeds

2.2.1.1 Macroscopic Characteristics
These are small angular, dicotyledonous, trigonous, regulose-tubercular having size
approximately, 2-3.5×1.2 mm, and areblack externally while white in colourinternally
also having bitter taste and odor slightly aromatic [104].

2.2.1.2 Powder and Microscopic Characteristics
The seeds transverse section presents single layers epidermis which is consists of
elliptical cells and is thick walled, externally protected by apapolise cuticle having
darkish brown material inside. Inside epidermis it is consist of 2-4 layers of slightly
thick walled parenchyma cells elongated tangentially, followed by a pigmented
reddish brown layer, consisting of rectangular elongated cells which are also thick
walled. A layer inner to the pigment layer is also present which is composed of the
thick walled coloumn shaped elongated cells endosperm contains thin walled
polygonal or rectangular cells filled mostly inside with oil goblets. The microscopy of
seeds powder shows oil globules and parenchyamatous cells having brownish black
color.
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Figure 2.3:Nigella Sativa Seeds

2.2.1.3 PhysicalContents
Foreign matter , 2% w/w ; acid ; in the form of insoluble ash , 0.2% w/w ; water
soluble extracts content is , 12% w/w ; organic matter , 3.9%w/w ; total fixed oil
contents , 25,31% ; volatile oil share is , 0.42% w/w [105].

2.2.1.4 Traditional Uses
In several diseases the seeds and oil of Nigella Sativaare used traditionally the seeds
of this plant are considered as aromatic, bitter, pungent, stimulant, ,emmenagogue,
diuretic , glactagogue, appetizer, acrid, anthelmintic , gastrokinatic, carminative,
thermogenic,

digestive,anodyne, deodorant, sudrofic, constipating, febrifuge,

purgative, abortifacient and expectorant and have been also used in ascites,jaundice,
cough, hydrophobia, paralysis, fever, conjunctivitis,dermatitis and other skin disease,
piles, dyspepsia, flatulence, anorexia, diarohoea, dysentery, abdominal disorders,
amenorrhea, and intrinsic heamorrhage, Nigella Sativa oil is also used as local
anesthetic [106].
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2.2.1.5 Phytochemistry
As per scope of this spice very little photochemical work has been done till date. The
plants seeds are reported to contain nigellicine, nigellone, nigellomine, N-oxide,
campestral,

avenosterol-5-ene,

cholesterol,avenasterol-7-ene,

cycloeucalenol,

citrostadienol, 24-ethyl-lophenol, gramisterol, obtusifoliol, 243-methyllophenol,
sitosterol, stigmasterol, beta-amyrin, stigmasterol-7-ene, cycloartenol, butyrospermol,
taraxerol, tirucallol, 24-methylene-cycloartanol, O-[α-L-rhamnopyranosyl (1-4)β-Dglucopyranosyl,3-O-[β-D-xylopyranosyl(1-3)-α-L-rhamnopyranosyl(1-2)--Larabinopyranosyl]- 28- (1-6)--D-glucopyranosyl] hederagenin, fatty oil (35.6-41.6%),
volatile oil (0.5-1.6%), unsaturated fatty acids esters with C15 and other higher
compounds, oleic acid, melanthigenin, terpenoids, nigellidine, bitter principle, tannin,
resin, protein, carvone,d-limonene, cymene, unsaturated hydroxyl, esters of
dehydrostearic and linoleic acid, nigellamines A1, nigellamines A3, nigellidine-4-Osulfite, nigellidine-4-O-sulfit, A2, B1, and B2 acid, glycosidal saponin, aliphatic
alcohol6, steroids, ketone, reducing sugar, melanthin, glycoside, hederagenin etc
[107]. The structure of some major chemical compound isolated from this plant are
given in Figure2.4.
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Figure 2.4: Chemical strctures of major compounds isolated
from Nigella sativa
2.2.2

PHARMACOLOGICAL STUDY

Due to the ideological belief regarding this plant that it cures all the diseases except
death has highly enhanced its importance and popularity. Its brief pharmacological
activities are given as under:

2.2.2.1 Antitumor Activities
In vitro studies have shown thatpancreatic cancer cells pre exposure to thymoquinone
in concentration of (25 mmol/l) for a duration of 48 hours followed by oxaliplatin or
gemcitabine resultantly inhibited approximately up to 80% growth of cancer cells
compared to oxaliplatin or gemetabine alone inhibition of 15 to 25% only this suggest
that thymoquinone have synergistic effects and it can potentiate the pancreas
cancerous cells killing by down regulating of nuclear factor kappa (NF-kappa), NFkappa-dependant anti-apoptotic genes and BCL-2 family [108]. 6-alkyl derivatives
and 4-acylhydrazone of thymoquinone (the seed of oil extract major constituent)
where tested to inhibit growth in human 519 A2 melanoma HL-60 leukemia, MCF7/TOPO breast cancer and KB-VI-Vbi cervix.
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In all the resistant tumor cells the 6-hencasahexaenyl conjugate was most active
with IC50 (72hrs) value as law as 30nm in topocells[MCF-7] [109].
The thymoquinone and selenium combined dose produced decreased cell
counts, decreased alkaline phosphate levels, increased cellular damage and decreases
the glutathione levels on the proliferation of osteoblast cells(Mg63)in the tissue culture
[110].
Oral administration of thymoquinone in 1, 2 and 4mg/kg/daily consecutively for
5 days was found effective in enhancing the effects of glutathione transferase and
quinine as in liquid and make thymoquinone the major constituent of Nigella Sativa
as a best prophylactic and therapeutic agent against chemical carcinogenecity and
toxicity [111].
The ethyl acetate(IC50=0.750 and essential oil (IC50=0.6%) extracts were proved
more effective cytotoxic against the cell line P815 in contrast to the butanol
extract(IC50=2%). Verocell line produced similar results. Although a comparable
effect have been shown by these extracts against the ICOL cell line with IC 50 values
between 0.2 to 0.26%(v/v); a high cytotoxic effect of the ethyl acetate extract
(IC50=0.2%) as revealed by tested on the BSR cells line as shown by these data each
extract cytotoxicaty depends on the tumor cells type [112].
The long term treatment for a duration of 16 months with the decoctions of
Nigella sativa seeds, similax glabra roxb. Rhizome and hemidesmus indicus. R. Br
root bark was proved effectivel in inhibiting in rat livers den mediated expressions of
GST-P and carcinogens mediated tumors developement or histopathalogical
alterations causing development of tumors. [113]. The individual effects of
thymaquinone and α-hederin on four different human cancer cell lines namely MIA
paca-2 (pancreas carcinoma) A 549 (lung carcinoma), HT-29 (colonadeno-carcinoma)
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andHEP (larynxepidermoid carcinoma) where reported to poses cytotoxic line after
investigation [114].
The cytotoxic effects of the decoction of Nigella sativa seeds, S.glabra rhizome
and H.indicus root and the extracts of the individual plant seperately were checked on
the cancer cells called human hepatoma HepG2 cell line. Results from SRB and MTT
assays and [H3]-Thymidine and [c14]-Lucien uptake demonstrated that decoctions of
Nigella Sativa had a dose dependant very strong cytotoxic activity against these type
of carcinomas [115].
The Nigella sativa seeds constituents fractionation yielded various antioxidant
compounds in both the lipid soluble and water soluble fractions. Fractionated extracts
of black seed and pore thymoquinone presents significantly low threshold of MDA in
A549 cells in culture for a duration of 24, 48 and 72 hours .
The effects of thymoquinone on isofamide antitumor activity and its induced
fanconi syndrome were investigated in mice and rats respectively. Thymoquinone
prevented significantly Isofamide induced lipid peroxides accumulation and renal
glutathione depletion in mice bearing Ehrlich ascites carcinoma xenografts,
thymaquinone administerd in drinking water in doses of l0mg/kg per day enhanced
significantly the anti neoplastic effect of Isofamid. Similarly mice treated with
combination of Isofamide and thymoquinone show less reduction in body weight and
mortality ratio in contrast to Isofamide only treated, suggesting that thymaquinone
enhances therapeutic efficacy and decreases Isofamide induced nephrotoxicity [116].
The active ingredients of certain fatty acid contained in the black seed were
studied for anti-tumor activities against Dalton’s lymphoma ascites, Ehrlich ascites
sarcoma–180 cellsand carcinoma. In-vitro cytotoxic investigations showed that 50%
cytotoxicity to Dalton’s lymphoma ascites, sarcoma-180 cells, and Ehrlich ascites
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carcinoma at a concentration of 1.5mg and 3mg respectively with minor efficacy
against lymphocytes [117].
The invitro studies exhibited that ethanolic xtract of kalonj seeds resulted in
inhibitionof endothelial cells progression of cancer cells [118]. In rats Nigella seeds
protective effects were investigated on the carcinogenesis and oxidative stress induced
due to methylnitrosurea. Moreover, it gives 80% protection against the methyl
nitrosurea induced carcinogenesis, swelling, oxidative stress and inflammatory
response [119]. For several types of human cancer cells both thymoquionone and
dithymoquinone were found to be cytotoxic [120].
The seed extract topical applications in mice inhibited carcinogenesis and the
papolloma formation onset was delayed by interaparitonial administration [121]. Due
to its antioxidant and anti-inflammatory activity thymoquinone inhibited benzopyrene
induced carcinogenesis in mice [122]. The In-vitrostudies demonstrated that

the

alcoholic and aqueous extracts in combinations or alone with hydrogen peroxide were
found of having potential in in activating MCF-7 breast cancer [123]. In developing
cytotoxicity against YAC in vitro the aqoues extract augmented natural killer cells
[124]. The cytomegalo virus lead in liver and spleen was subsequently decreased by
interaperistoneal administration of black seed oil. There was in CD4+T cells,
interferon-γ and macrophages and decrease in NK cells both in no and function [125].
A significant tumor inhibition rate was produced by α-hederin and interestingly the
life span was increased by 153% in treated rats as compared to mice treated with
dimethysulphoxide [126].
The thymoquinone antitumor effect was investigated both in vitro and in vivo
on fabrisacroma induced by 20-methylcholantherane in male albino rats. It was found
that it inhibits significantly tumors burden and tumor incidence [127]. Thymoquinone
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inhibited proliferation in pancreatic ductal adenocarcinoma scolls and induced
apoptosis. The P21 WAFI expression was also enhanced by thymoquinone, also
thymoquinone induced histone hyper acetylation in contrast with that of trichostatin
A, and inhibited histone deacetylase (HDAC) activity. Anti inflammatory an effect of
thmoquinone, followed by inhibitory effect on NF-Kappa B is also reported about
thymoquinone in pancreatic ductal adeno carcinoma (PDA) cells. Thymoquinone
inhibits pro inflammatory pathways in a novel way which combines proapoptotic and
anti-inflammatory mechanism of action mediated by the chloroform,n-hexane and
methanol extracts of the Nigella Sativa seeds killed effectively HeLa cells [128].
The IC50 Values of the Nigella Sativa seeds Chloroform, N-hexane and methanol
seed extracts were 0.41 mg/ml, 2.20 mg/ml and 2.28 mg/ml respectively, in HeLa
cells apoptosis was induced by all three extracts [129]. To improve thymoquinone
bioavailability and effectiveness for anti-inflammatory and anticancer activities
polymer based nanoparticles formulations were evaluated.
The biodegradable nanoparticulate formulation of thymoquinone were found
more active in inhibiting kappaB activation and in suppressing expression of Matrix
Metalloproteinase (MNP-9),cyclin D, Vascular Endothelial Growth Factor (VEGF),
those are markers of cells metastasis, proliferation and angioneogenisis respectively.
Thymoquinone nanoparticles were also more potent compared to thymoquinone in
suppressing proliferation of breast cancer, colon cancer, multiple myeloma cells and
prostate cancer, TQ.nanoparticles were found more potent than TQ as such in
sensitizing leukemic cells to tissue necrosis factor and paclitoxal-induced apoptosis as
revealed by esterase staining for plasma membrane integrity suggests that
TQ.nanoparicles cause maximizing its chemo sensitizing,anti-inflammatory and anti
proliferative effects[130].
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The thymoquinone effects on dendrite cells (DCS) a key players in the adaptive
and innate immunity regulation by LPS deminished annexin v binding and caspace 3
and caspose 8 activation.
Moreover, thymoquinone abrogated LPS-induced phosphorylation ofERK1/2
and prosurvival kinases AKT indicating that it is considered to compromises the
cytokine release, maturation and survival of dendride cells [131].

2.2.2.2 Anti hyperglycemic Activity
The hypoglycemic effects of the Nigella Sativaseeds crude aqueous extract on the
intestinal glucose absorption were studied in rats while using the method of short
circuit current technique in vivo and an oral glucose tolerance test in vitro. It was
found that after chronic oral administration in the dose range from 0.1pg/ml to
100ng/ml in vivo it improved glucose tolerance test, body weight and in vitro
inhibited electrogenic intestinal absorption of glucose, further validate these seeds
traditional use against diabetes [132].
The mortality rate in HIV-1 positive patients has been considerably reduced by
highly active anti-retroviral therapy (HAART) regime. However prolonged utilization
of HAART is linked with future complication of metabolic syndrome including
insulin resistance, cardiovascular dysfunction and lipo dystrophy. Exposure for a long
term to several different types of protease inhibitors like saquinavir (5-10µM),
nelfiavir (5-10µM) and atazanavir (8-20µM) with seed extracts of Nigella sativa
decreases glucose stimulated insulin secretions from β- cells of rats pancreas islets
[133].
The Nigella sativa oil protective effect in rats treated for duration of months
along withdaily HAART regimen administration which is supposed tobe associated in
HIV-1 positive patients with insulin resistance was studied. Serum insulin level is
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increased by chronic HAART regimen due to deregulation of insulin formation by
beta cells and action of insulin in periphery, black seed oil dietary supplementation
may prevent these deleterious effects [134].
The thymoquinone effects in mice on embryonic development in streptozotocin
receiving rats showed resorptions and malformations at 18.39% and 16.37%
respectively. GSH and MDA levels were increased and decreased significantly in the
thymoquinone and streptozotocin induced group, which recommend the utilization of
thymoquinone in diabetic pregnant female patients [135]. The Nigella sativa and
thymoquinone possible beneficial effects on sciatic nerves histopothalogical changes
were evaluated in rats with streptozaotocin induced diabetes. The treatment of both
thymioquinone and Nigella sativa caused an increase in the lowered serum insulin
concentrations and a sharp, decrease was seen in the already elevated serum glucose
in rats with streptozotocin Induced diabetes.
Treatment with thymoquinone and Nigella sativawas found to increase
significantlythe surface area of insulin immunoreactive beta cells. Diabetic animals
treated with Nigella sativa showed fewer morphological changes during tissue
histological examinations. After treatment with Nigella sativa and thymoquinone, the
myelin breakdown also decreased significantly [136].
The remarkable improvements shown on ultra structural features of axon
suggesting the utility of Nigella sativa in streptozocin induced diabetic rats as a
potential treatment on peripheral neuropathy. Nigella sativa and Human Parathyroid
Hormone (HPTH) combined treatment is more effective in improving bone mass,
connectivity, strength and biochemical behavior as compared to treatment with
Nigella sativa or HPTH alone as evaluated in insulin-dependent diabetic rats [137].
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The significant increase in the surface area of insulin sensitizing beta cells in
the diabetic rats with Nigella treatment alone or in combination suggests that Nigella
sativa might be effective in diabetic osteopenia treatment [138].
Oral administration of the Nigella seeds ethanolic extract in dose range of
300mg/kg/day for a period of 30 days in streptozotacin induced diabetic rats reduced
significantly the raised lipids levels, blood sugar and serum insulin levels. It also
improved altered levels of anti oxidant enzymes like catalase, superoxide dismutase
and lipid peroxide products, reduced glutathione and glutathione peroxide in the liver
and kidneys [139].
In vitro the insulin secretary effects of the defatted fraction were evaluated in
two sub fractions; the first containing neutral and acidic fractions were analyzed
separately at various strength 0.01,0.1 and 5mg/ml in the presence of 8.3 mmol/l
glucose in isolated rat pancreatic islets. The result shows that the addition of the seeds
basic fractions or of the defatted whole extract in the incubation medium enhanced
glucose induced insulin release significantlyfrom the β-cells in the islets. Moreover,
for the basic sub fraction a distinct concentration-dependant raise in release of insulin
from isolated pancreatic islets was noted.
The anti diabetic properties of these seeds may be due to stimulation of insulin
release caused by the basic sub-fraction as shown by results [140].
The effects of intragastric gavage with a Nigella seeds extracts in petroleum
ether on blood sugar, insulin and cholesterol for a duration of 4-weeks in the normal
rat was studied a 25% reduction in food intake was caused by petroleum ether extract
that translated in to a weight reduction also reduced plasma triglycerides fasting levels
and insulin and raised HDL-c cholesterol level which ultimately suggest a slight
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anorexic effect of petroleum ether extract of Nigella sativa seeds that resulted the
hypolipidemic activity [141].
The Nigella possible protective effects against damage of β-cells of islets of rats
from streptozotocin induced diabetes for duration of 4 weeks was studied. The
treatment with Nigella has been found to exert protective effect by decreasing serum
Nitrous oxide and lipid per oxidation and enhancing antioxidant enzyme activity in
the Nigella treated diabetic rats, preservation of β-cells numbers and increasing
intensity of staining for insulin were apparent suggesting that Nigella sativa treatment
exerts a therapeutic and protective effect in diabetes by preserving pancreatic β-cell
integrity and decreasing oxidative stress [142].
The Nigella Sativa oil was administered in a dose of 400mg/kg b.w for duration
of 6 weeks to streptozocin induced diabetic hamsters and the possible mechanism
under lying the blood glucose lowering in terms of immunopotentiating effect and
hepatic glucose production on peripheral macrophages were studied.Nigella Sativa
therapy increased significantly the phagocytic index as well phagocytic activity of
macrophages and lymphocyte countin peripheral blood vessels was also increased
significantly compared to untreated hamsters. This suggests that the hypoglycemic
effect is due to reduction in hepatic gluconeogenesis and immunoptentiating effect is
mediated via stimulation of phagocytic activity of peritoneal macrophages through
activation of either lymphocytes or directly [143].
The Nigella Sativa oil potential insulin sensitizing effects were evaluated in
streptozocin plus nicotinamide-induced diabetic hamsters. After 4 weeks therapy with
Nigella Sativa oil a significant increase in serum insulin level and a subsequent
decrease in blood sugar level were observed. The possible stimulatory effect on βcells caused hypoglycemic effect and subsequently serum insulin level was raised. It
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is therefore postulated that Nigella Sativa oil in Type-2 like model possesses
insulinotropic properties [144].
The effect of thymoquinone, nigellone and Nigella Sativa oil in the presence of
3, 5, 6 or11.1 mµ glucose were investigated onisolated rat pancreatic islet insulin
secretions. After 2, 4 and 6 weeks therapy itlowered significantly blood sugar levels
in rats having diabetes. The blood glucose lowering effect was not parallel with
stimulating insulin release while taking thymoquinone, nigellone or Nigella Sativa oil
which explains that hypoglycemic effect was mediated due to extra pancreatic effect
rather than by insulin release stimulating activity [145].
The Nigella Sativa oil and thymoquinone effects were evaluated in rats model
on the oxidative stress induced in the heart and brain where diabetes mellitus was
induced by streptozotocin. The results suggested that thymoquinone and Nigella
Sativa oil both due to their anti oxidant properties corrected diabetes abnormalities in
cardiac muscles and brain monoamines and brain types (CK.MB)[146].
The effects of thymoquinone in the concentrations of 20,40 and 80mg/kg b.w
for 6 weeks on the effects of key enzymes involved in the carbohydrates metabolism
in streptozotocin plus nicotanamide co induced diabetes in rats was evaluated. The
result suggested that 80mg/kg body weight concentration of thymoquinone was found
effective in exhibiting ant hyperglycemic effect [147].
The ethanolic extract of Nigella Sativa seed following the 18 hours therapy
produced a very important insulin like effect on glucose re uptake stimulation in 3T3L1 adipocytes and C2C12 skeletal muscle cells, the extract increases activity of AMPactivated proteins kinase (AMPK) and activity of AKT, a keyInsulin mediatorwhich
suggests Nigella Sativa effective and potent un coupling activity . The extractof this
plant seeds behaves as a PRAR gamma agonist [148].
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The Nigella Sativa volatile oil possible protective effects in streptozotocin
induced diabetic rats on ultra structural changes of beta cells of pancreas and insulin
immuno reactivity were evaluated. A therapeutic protective effect was exerted by
Nigella Sativa oil in diabetes by preserving pancreatic beta cells integrity and
decreasing morphological changes thus suggesting its antioxidant effects in protecting
beta cells [149].
Treatment with kalonji lowered the MDA and blood sugar elevated
concentrations, increased the lowered cereloplasmin and GSH serum levels and in
diabetic rabbits prevent lipid per oxidation which suggest that in diabetic patients it
might be used for prevention of lipid peroxidation, liver damage and enhancing
antioxidant activity of defense system [150].
TheNigella Sativa blood sugar lowering effect was found to be due to the
hepatic gluconeogensis inhibition as revealed by the plant mixture containing these
seeds which suggest its utilization in the diabetes mellitus type-2 [151]. An aqueous
decoction of

Nigella Sativa seeds mixture after oral administrations was found

effective in reducing level of blood sugar [152]. The Nigella Sativa oil intraperitonial
administration produced a significant anti hyperglycemic effect in alloxan induced
diabetic and normal rabbits upon per oral administrations for duration of 2 months
similar results were obtained with seed extracts of Nigella sativa [153].

2.2.2.3 Effects on Cardivascular System
The effects of Nigella Sativa seeds oral supplementation on normal rats for two weeks
in vivo on cardiac hemodynamic and the in vitro chronoscopic and iono tropic
characteristics of the isolated hearts and the responsiveness of the heart to
isoproterenal adrenergic stimulation were studied.
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The intrinsic stimulation and cardiac contractile properties were shown by the
results with an evidence of increasing cardiac work load or high energy consumptions
in vivo studies which makes Nigella Sativa seeds with a strong hemodynamic profile
as an isotropic agent [154].
Similarly, the Nigella Sativa aqueous and macerated extracts effectswere
examined on cardiac contractility and rate of the isolated heart. Both of the extracts
shown a potent inhibitory effect on the heart contractaility and rate that was
comparable even higher than that of deltiazem which may be due to an opening effect
on potassium channels of the isolated heart or due to calcium channel blocking of
guinea pig heart [155].
The protective effect of thymoquinone was evaluated in rats during a study after
nitric oxide synthesis chronic inhibition of with N (omega)-nitro-i-arginine methyl
ester (I-name).In vitro thymoquinone diminished synthesis of superoxide radical in
enzymatic and non-enzymatic systems involved thus Nigella Sativa and
thymoquinone are effective in 1-name induced renal damage and hypertension in rats
via anti oxidant activity possibly [156].
The dichloromethane extracts of Nigella Sativa seeds 0.6ml/kg/day antihypertensive effects in the spontaneously hypertensive rats were evaluated. In the rats
treated with extracts of Nigella Sativa and nifidipine separately with (0.5mg/kg/day
the mean arterial pressure decreased by 22 and 18% respectively [157]. The Nigella
Sativa seeds essential oil and the seeds unsaponifiable matter of oil produced a
relaxant effect on isolated cardiac muscles and bradycardia in rats and on frog heart
exhibited a depressant effect [158]. A cardiac depressant effect was produced by the
Nigella Sativavolatile
mechanismmediated

oil

and thymoquinone

centrally

via

through

direct and indirect

5-hydroxytryptemenergic

and

mascaranic
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mechanism [159]. Thymol one of the the active ingredient of Nigella Sativa exerts
blood pressure lowering effect through blocking of calcium channels [156].
The effect of oral Nigella therapy on the levels of serum lipids of winstar albino
rats with powdered seeds different doses100, 200,400 and 600 mg/kg/day for duration
of 4 weeks were investigated. The results showed a significant decrease in the levels
of low density lipoprotein cholesterols, triglyceride levels and also high density
lipoprotein cholesterol level was significantly increased [160]. Similar results were
found when Nigella Sativa seeds were fed to rats as supplementation in food
(30mg/kg/b.w for 20 weeks, oil 800mg/kg orally for 4 weeks and TQ for 5 days
interaperritonealy [161].
The effects of Nigella Sativa fixed oil on blood glucose level, blood
homeostasis and cholesterol in rats were investigated. The serum glucose level, serum
cholesterol, triglyceride, platelets count and serum leukocyte levels declined while
hemoglobin and heamotocrit levelssignificantly increased [162]. Previously similar
results have been obtaibe with both crushed seeds and volatile oil of Nigella Sativa
[163].
The seeds extracts was proved effective in protecting against cisplatin induced
fall in leukocyte count and hemoglobin levels [164]. An inhibitory effect on
arachidonic acid induced blood coagulation and platelet aggregation was shown by
menthol soluble portion of the oil which upon purification gives 2-(2methoxypropyl)-5methyl-1, 4-benzene-ediol, thymal and carvasel that exhibited a
potent inhibitory effect in comparison to methanol soluble portion [128].
The thymoquinone enriched fraction (TQRF;0.5-1.5g/kg) and thymoquinone
(TQ;20-100mg/kg/b.w) both extracted from Nigella Sativa were investigated for their
anti oxidant activities in rats with induced hypercholesterolemia. The liver and plasma
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anti oxidant capacity were effectively improved by TQ and TQRF andin hyper
cholesterolemia rats increased the liver antioxidant genes expression [165].

2.2.2.4 Gastro Protective Effects
The Nigella Sativa aqueos suspension effects onbasal gastric secretion and gastric
ulcers induced experimentally by different noxious agents e. g. 25% NaCl , 0.2 M
NaoH,80% ethanol

and indomethcin were evaluated in rats.It ameliorated

significantly the ulcer severity and basal gastric acid secretion and also prevented
gastric ulcers formation induced by necrotizing agents in rats . The ethanol induced
depleted gastric wall mucous content levels and gastric mucosal non-protein
sulfhydroxyl concentration was significantly replenished by the aqueous suspension
which explains the mechanism of anti ulcer effect of Nigella Sativa is probably
through its anti secretary and antioxidant activity and/or through prostaglandin
mediated activities [166].
The effects of thymoquinone and Nigella Sativa oil were evaluated in anethanol
induced ulcers experimental model in rats. The gastric mucosa was protected against
the injurious effect of absolute alcohol by the Nigella Sativa and thymoquinone and
was found effective in healing gastric ulcers.
Nigella Sativa and thymoquinone reasonably reduced the alcohol-induced
elevated levels of tissue histamine, thiobarbeturic acid-reactive substances and
myeloperoxidase level and decrease enzymatic activities of gastric superoxide
dismutase, gastric glutathione content and glutathione-s-transferase [167]. These
gastro protective effects could be due to their antioxidant, anti histaminic and anti per
oxidative effect suggesting that Nigella Sativa is effective in protection from mucosal
injuries, further it protected the gastric mucosa from acute alcohol induced mucosal
injury [168].
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The Nigella Sativa oil and thymoquinone anti oxidant effects on gastric lesions
and ischemia/reperfusion induced gastric lesion was evaluated 1 and 24 hrs after re
perfusion. Thymoquinone and Nigella Sativa oilboth were found effective in
normalizing the serum levels of GSH, LDH, SOD and LPX suggesting their
effectiveness as a gastro protective agent in re perfusion induced gastric lesions/
ischemia [169].
TheNigella Sativa seeds aqueous extract exhibited its anti ulcer activity in
acetyl salicylic acid treated rats while decreasing the volume of acid in gastric juices
[170]. The anti ulcer activity of the alcoholic extract of Nigella Sativa seeds was
investigated by pyloric legation in rat’s model on Aspirin induced ulcers. The Nigella
Sativa therapy tended to reduce significantly volume of gastric acid secretions,
flatulence, total acidity,gastric discomfort and ulcer index [171].
The effect of Nigella Sativa seeds was evaluated in rats on intestinal-reperfusion
injury. Nigella Sativa treatment increased the catalase, total antioxidant capacity and
decreased the oxidative stress index, total oxidative status and myeloperoxidase in
Ilium tissue suggested that Nigella Sativa seeds may protects against intestinal
ischemia reperfusion injurythe intestinal tissue [172].

2.2.2.5 Effects on Pulmonary System
For evaluation of the relaxant activityof Nigella Sativa, four different cumulative
concentrations including that of methanol, n-hexane, dichloro methane and aqueous
fractions and four cumulative concentrations of theophylin were examined for their
efficacy on precontracted tracheal chains of guinea pig by 10mM potassium chloride.
The result showed a strong relaxant effect on tracheal chains of guinea pig by
methane and dichloromethane fractions of Nigella Sativa [173].
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The potential for Nigella Sativa treatment has been investigated for protection
against long injury after pulmonary aspiration of materials. In different pulmonary
aspiration models Nigella Sativa treatment inhibit the inflammatory pulmonary
response, reducing significantly alveolar septal infiltration, peribronchial infiltration
of inflammatory cells, alveolar exudates, alveolar macrophages, interstitial fibrosis
alveolar edema, granuloma and formation of necrosis. After Nigella Sativa
therapy,further results presented a significantly prominent decrease in the inducible
nitric oxide synthase activity and the surfactant protein-D level rose in the lung tissue
which ultimately suggests that it could have beneficial effects in case of lung injury
[174].
The effect of leukotrien, Barium and carbachol induced contractions of trachea
and the transport of the Rhomadin-B (fluorescent dye) regarding ciliary action in the
tracheal contractions by the thymoquinone and nigellone were studied. The rate of
contraction varies with nigellone and thymoquinone concentrations and was highly
increased by nigellone which suggests that only nigellenoe not thymoquinone is
responsible for increases in mucocilliary clearance [175].
The effect of thymoquinone in a mouse model of allergic air way inflammation
were investigated on the in vivo production of varoius prostaglandins (PGS) and their
effects in the lung inflammation. Thymoquinone injections were administered
intraperitonealy consectively for 5 days which caused a significant decrease in Th 2
cytokine, lung eosinophilia and gablet cell hyperplasia and inhibition of COX2 protein
expression and PGD2 production. However, this effect was slighter on COX1
suggesting that thymoquinone during the allergic response in the lung has an antiinflammatory effect through Th2-driven immune response and the inhibition of PGD2
synthesis [176].
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Nigella Sativa use in asthma was strongly suggested due to its inhibitory
effectson release of histamine from mast cells [177]. The antianaphylactic effect on
mesenteric mast cell of a poly herbal formulation containing Nigella Sativa was
investigated. The possible anti anaphylactic activity may be due to the inhibition of
antigen induced histamine release, suppression of anti body production and membrane
stabilizing potential [178].
The Nigella Sativa seed exhibit a strong bronchodilatory effect which may be
possibly mediated through its calcium channel blocking activity [179]. Similerly, the
effect of Nigella Sativa oil and thymoquinone on the respiratory system of guinea pigs
were investigated and compared. Intravenous administration of thymoquinone
significantly raised in the intertracheal pressure without any compromise on the
respiratory rate suggesting the Nigella Sativa oil induced benifecial respiratory effects
were mediated via histamine release with direct involvement of histaminergic
mechanism and indirectly activated muscarinic cholinergic mechanisms, while
intravenous administration of Nigella Sativa oil was found to produce a dose
dependent raise in respiratory rate and intertracheal pressure [180].
The thymoquinone prophylactic effect on lung levage of sensitized guinea pigs
was checked upon tracheal responsiveness and count of white blood cells.
Thymoquinone administration showed a preventive effect on inflammatory cells of
lung levage and tracheal responsiveness of sensitized guinea pigs [181].
A concentration-dependent

decrease

in the

tension was caused by

thymoquinone in the phenylepherine precontracted pulmonary arterial rings. The
thymoquinone effects were not even affected by the pretreatment of the ring with
theophyline, propranolol, atropine, indomethacin, methyline blue and nifidipine. The
precontracted pulmonary artery relaxation induced by thymoquinone is probably
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caused the ATP sensitive potassium channels activation,endotheline and alpha
receptors or by the serotonin receptorsnon-competitive blockage [182].

2.2.2.6 NephroprotectiveEffects
The Nigella Sativa possible protective effects in rats against gentamycin-induced
nephrotoxicity were investigated. A significant decrease in Urea, creatinine, MDA,
nitrous oxide generation and accelerated SOD and GSH-px outputs were resulted after
administration of NS oil with gentamycin injection as compared with gentamycin
alone suggesting its nephro protective activity[183]. Against gentamycin induced
nephrotoxicity

a

similar

experiment

was

conducted

with

thymoquinone.

Supplementation of thymoquinone produced a total reversal of the gentamycininduced raised levels in creatinin, BUN, NOXand TBARS and declined the GSH,
CAT, GPx and ATP levels almost to normal values suggesting that in kidney tissues it
inhibits degenerative changes induced by gentamycin [184].
The Nigella Sativa oil protective effects in prevention of chronic nephrotoxicity
induced by cyclosporine in rats were investigated. The functional and histological
parameters were significantly improved by Nigella Sativa oil and also attenuated the
cyclosporine induced oxidative stress[185].
Treatment with Nigella Sativa oil for 10 days in rats on nephrotoxicity of
gentamycin was studied. A statistically significant improvement of the biochemical
and histological indices of gentamycin-induced nephrotoxicity at 1ml/kg/day was
observed in the treated group. Treatment of rats with Nigella Sativa oil increased total
antioxidant status in plasma, did not caused any severe toxicity, reduce serum
glutathione (GSH) concentration in the renal cortex and accelerated its growth [186].
The thymoquinone possible effects on oxidative stress and nephrotoxicity in
rats by doxorubicin (DOX) were studied. Thymoquinone therapy of rats with
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supplementation in drinking water 10mg/kg/day for 5days before and daily thereafter
significantly lowered serum cholesterol and urea. Similarly, TC, TG and lipid
peroxidase in the kidneys of thymoquinone treated group were decreased significantly
ascompared with doxorubicin only treated group.Thymoquinone treatment suppressed
significantly doxorubicin-induced albumin urea, protein urea and urinary and NAG
urinary excretion which further suggest thymoquinone usefulness for hyper lipidemia
and protein urea associated with nephrotic syndrome as a protective agent[187].
The Nigella Sativa seeds extracts were foundvery effective and significantly
reduced the chemo therapeutic agent cisplatin-induced nephrotoxicity, serum creatinin
level, BUN as well as serum total lipid increase induced by cisplatin [188]. A potent
chemo preventive agent who was found effective to suppress tumor proliferation
response,reduce the renal oxidative stress and toxicity in rats mediated potassium by
bromate [189]. In another study, in albino rats similar results were found regarding
the protective effects of Nigella Sativa oil on methtrexate-induced toxicity [190].

2.2.2.7 HepatoprotectiveEffects
Oral administration of Nigella Sativa oil in doses of 1ml/kg daily for one week before
carbon tetrachloride (CCL4) injection alleviated carbon tetrachloride-induced
suppression of CYP2B, CYP1A2, CYP3A and CYP2 C 11 and also up regulated IL10
mRNA and down regulated the CCL4-induced iNOS mRNA. This possible protective
effect on ,iver is partly due to thethe anti-inflammatory IL-10 up-regulation and down
regulation of NO production as shown by the results [191].
Serum ALT, AST, lactatedehydrogenase (LDH), myeloperoxidase (MPO), total
oxidative stress (TOS), oxidative stress index (OSI) andcatalase (CAT) were
determined in the liver tissue. The results have revealed thathepatic ischemic
reperfusion injury to the liver was prevented due to therapy with Nigella Sativa [192].
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The effect of Nigella Sativa and Urtica diocica linn (UD) was evaluated in
CCL4 treated rats on lipid per oxidation, liver enzymes and antioxidant enzyme
systems. Nigella Sativa or UD treatment for 60 days alone or in combination
decreased the elevated liver enzymes, anti oxidant enzyme levels and lipid per
oxidation level and were increased. Nigella Sativa and UD increase the anti oxidant
defense system activity and decrease the lipid per oxidation and liver enzymes in the
CCL4 treated rats [193].
The effect of Nigella Sativa aqueous suspension 250 and 500mg/kg in rats on
CCL4- induced liver damage for 5 days were investigated. There was a slight
decrease in the serum levels of ALT and AST where as a significant increase in LDH
level was observed in CCL4 treated animals as compared to the control group. In the
animals pretreated with Nigella Sativa Serum AST and ALT levels were increased
while LDH was restored to normal position [193].
Effects of thymoquinone, α-pinene and P-cymene in mice on CCL4-induced
acute liver injury were investigated. Pre treatment of mice with TQ 12.5mg/kg 1hr
before CCL4 injection showed a significant reduction in the hepatic MDA content as
well as liver enzymes level the concentration of the hepatic nanoprotein sulfhydryl (SH) level wasincreased significantly. It is worth mentioning that mice treated with
other constituents of Nigella Sativa like alpha-pinene and p-cymene d not exhibited
any alterations in the serum ALT level [194].Thymoquinone 100mg/kg as a single
dose administration as an antidote to neutralize the hepato toxic effect of CCL4 had
showed similar results [195].
Thymoquinone was tested for its hepato protective effeect against tertiary butyl
hydro peroxide (TBHP) toxicity in isolated hepatocytes of rats. The isolated
hepatocytes were protected against TBHP induced toxicity upon pre incubation with 1
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mM of either silybin or thymoquinone as evidenced by decreased leakage of AST and
ALT and by the decreased trypan blue uptake in contrast to hepatocyte treated by
TBH. Thymoquinone and Silybin both prevented to the same extent TBHP induced
depletion of GSH [196].
The rat’s hepatocyte culture was applied with thymoquinone and both genotoxic
and cytotoxic effects were evaluated. A significant anti proliferative effect was
induced by thymoquinone at 20 mM and at higher concentrations acute toxicity. The
rat’snecrotic cells were significantly increased by it at the concentrations between 2.5
and 20mM. Further at 1.25mM concentrations it induced significant genotoxicity
suggesting that thymoquinone cause depletion of glutathione and damages the liver,
but the reports indicating anti-clastagenic and antioxidant effects are contradicted
[197].
In the rats with biliary obstruction administration of Nigella Sativa caused
inhibition of necro inflammation by reduction in the level of AST, ALT, ALP, GGT
and LDH suggesting its potent beneficial effects onin the bile duct legated ratson the
cholestatic liver injury [198].

2.2.2.8 Anti inflammatory Effects
The thymoquinone anti-inflammatory effects in rat model on arthritis were evaluated.
The inflammatory markers like TNF-α and IL.IB were measured for the claw and
radiological signs. The results showed adjuvant-induced arthritis suppression by
thymoquinone in rats [199]. The anti-inflammatory and analgesic activities of
polyphenols from Nigella Sativa seeds were evaluated in rats and mice while using
the formalin, light tail flick, acetic acid-induced writhing, croton oil-induced ear
edema and carrageen induced paw edema tests. The results from these studies
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suggests that Nigella Sativa seeds polyphenols have potent anti-inflammatory and
analgesic effects [200].
The essential oil ofNigella Sativa seeds was observed to exhibit a significant
analgesic effect in formalin and light tail flick tests as well acetic acid induced
writhing test. The narcotic antagonist, nalaxone was even not able to not antagonize
the analgesic effect observed in the formalin test. Both local and systemic
administration of Nigella Sativa oil showed anti-inflammatory activity [201].
The Nigella Sativaseeds aqueous extract was evaluated for its in vitro activities
by murine macrophages on Nitric oxide production. The aqueous seed extracts
inhibited the production of nitric oxide the by murine macrophages as shown by the
results. The Nigella Sativa seeds traditional use in treating rheumatic disease is
validated by this study [202].
In other study,Nigella Sativa oil, thymoquinone and nigellone were studied for
evaluation of their effects on the formation of 5-lipooxygenase products from
polymerpho nuclear leukocytes. It was found that Nigella Sativa oil, thymoquinone
and nigellone were proved effective in treating various inflammatory disease [203].
The Nigella Sativa seeds aqueous extract was investigated in animal models for
its anti-inflammatory, analgesic and antipyretic activities. An anti-inflammatory effect
of the aqueous extract had been shown on carrageenan induced paw edema as
inhibitory effect on odema. While the crude Nigella Sativa suspension had almost no
effect on the yeast induced pyrexia, however it produced significant increase in
themice on hot plate reaction time indicating its potent analgesic effect. The Nigella
Sativa crude fixed oil and thymoquinone both inhibit the eicosanoid generation and
minimized lipidper-oxidation by inhibiting cyclooxigenase and 5-lipoxygenase
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pathways of archidonic acid metabolism, thus makes it a potent anti-inflammatory
agent[204].

2.2.2.9 Immunomodulatory Effects
The Nigella Sativa seeds volatile oil was evaluated for its cytotoxic and
immunomodulating activities in rats. The experimental rat’s antibody titer was
observed to be 1280 while in control rats its count was2560 with a significant
reduction in the count of nuetrophils and spenocytes but an increase in the no of
monocytes in peripheries as well as lymphocytes count in the rat’s model. Results
from this study indicate Nigella Sativa seeds oil as a potent immune suppressive and
cytotoxic agent with futuristic potential [205].
Nigella Sativa seeds extracts during its in vitro cytotoxic screening as measured
by various chemical assays showed cytotoxicity against different classes of cancer
cells lines in the ethyl-acetate fraction. The ethylacetate coloumn chromatographic
fraction showed selectivity and was relatively non toxic at the dose of 50µg/ml
against human umbilical cord endothelial cells carcinoma. Fore going in view these
data provide a clue that coloumn chromatography fraction-5 havea strong potentiating
and cytotoxic effect on the cells immunity [206]. The Nigella Sativaseeds crude oil
possible radiop rotective effect against its hemopoietic type side effects of gamma
rays irradiation was studied. The Nigella Sativa seeds oil oral administration 1 hr prior
to

radiation therapy

reasonably

normalized significantly increased the

malondialldehyde concentration as well

significantly decrease the catalase

erythrocyte superoxide dismutase and plasma glutathione activities providing natural
radio protective effects against oxidative and immuno suppressive effects of
radiations and radiation therapies [207].
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2.2.2.10 Effects on Central Nervous System
The Nigella Sativaseeds oil potential effectiveness in rat’s model on experimental
spinal cord injury was compared to methylprednisolone. Nigella Sativa seeds oil and
methylprednisolone treatment prevented in the tissue inhibition of SOD, GSH-px and
CAT enzyme and decreased tissue MDA and PC levels. In the Nigella Sativa and
methylprednisolone-treated group the morphology of neurons were well protected
which proves Nigella Sativa effectiveness in spinal card and tissue damage [208].
The Nigella Sativa seeds effects on the CNS both the aqueous and methanol
extracts of defatted seeds and its analgesic activity were evaluated. Both the extracts
possess a potent analgesic and CNS depressant activity as suggested by the
observations [209]. Similar results with oil treatment were also obtained. It has been
also observed that it may also potentiate and prolong the sleeping timeinduced
byphenobarbitone [210]. The Nigella Sativa seeds aqueous and methanolic extract
exhibited a significant reduction of spontaneous mortality, an alteration in general
behavior, provide analgesic activity against hot plate and tended to normalize body
temperature therefore authenticating its CNS depressant effects [211].
The Nigella Sativa protective effects under special serum/ glucose deprivation
condition on the viability of cell and reactive oxygen species productionwere
evaluated in the cultured PC 12 cells. PretreatmentNigella Sativa and thymoquinone
tended to reverse significantly (P<0.01) the production of already increased reactive
oxygen species following the ischemic insult ultimately suggests that both Nigella
Sativa and thymoquinone protects the PC12 cell through anti oxidant mechanisms
against serum glucose deprivation-induced cytotoxicity and its application is validated
for managing neuro degenerative and cerebral ischemic disorders[212].
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2.2.2.11 Anticonvulsant Effects
The Nigella Sativa seeds oil anticonvulsant and antioxidant effectsin mice model on
phenylenetetrazol (PTZ) kindling seizures were evaluated. Nigella Sativa oil reduced
sensitivity in the kindled mice to the lethal and convulsive activities of
phenylenetetrazl related oxidative stress and injury to the brain thus showed anti
epileptogenic properties comparable to that of valporate [213].
The thymoquinone injections at the doses of 200 and 400µm in PTZ induced
epileptic seizures lengthened the onset time and shorten the Tonic-colonic duration.
The anticonvulsant activity of thymoquinone may be probably produced through an
opioid receptor and causing an increase in GABA ergic tone as shown by the results
[214]. Similar results were obtained on thymoquinone injection intra-peritoneal
administration when administered in doses of 40 and 80 mg/kg. Moreover it have no
any hypnotic effect but reduced the locomotors activity and impairement of
coordination in motor respoce in the Phenobarbital induced hypnosis suggesting its
anticonvulsant activity against petitmal seizures [215].

2.2.2.12 Anti nociceptive Activity
The Nigella Sativa oil and thymoquinone antinociceptive effects were investigated in
the mice. The per oral administration of Nigella Sativa oil (50-400mg/kg) caused a
suppression in the nociceptive response dose dependently in the tail-pinch test, hotplat test, early phase of the formalin test and acetic acid-induced writhing test. The
thymoquinone i.c.v injection (1-4mg/mouse) and 1-6mg/kg, i.p. and the peroral
administration 2.5-10mg/kg attenuated the nociceptive response in the formalin test
later phase as well the early phase which verifies

the Nigella Sativa oil and

thymoquinone effectiveness in producing antinoceceptive effects through the
activities of kappa-opioid receptor subtype and the supraspinal receptors[216].
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2.2.2.13 Anti oxytocic Activity
The Nigella Sativa seeds volatile oil effects on theguinea pigs and rat’s uterine
smooth musclewere evaluatedin vitro while using isolated uterine horns. The guinea
pig and rat uterine smooth muscle spontaneous movements were inhibited by the
Nigella Sativa oil administration further it also reduced the oxytocin-induced
contractions suggesting its strong potential as anti oxytocic agent [217].

2.2.2.14 Post-coital Contraceptive Effects
Nigella sativa hexane extract orally at 2g/kg daily dose administeration on different
day’s ranging from 1-10 post coitum was found to prevent pregnancy in SpragueDawley rats. The seed hexane extract shown uterotrophic activity comparable to
ethinylestradiol, but in the immature rat bioassay it was found devoid of any
esterogenicity [218]. The seeds ethanolic extract in male rats showed antifertility
effect which may be probably due to their inherent estrogenic activity [219].

2.2.2.15 Abortifacient Effects
The Nigella Sativa seeds in large oral doses as well as hot water extract of the seeds
caused abortion in pregnant human females [220].

2.2.2.16 Anti-implantation Effects
The kaonji seeds powder in a dose range of 500mg/kg has exhibited in pregnant rats
anti-implantation effects. The ethanolic extract of Nigella Sativa inhibited the
ovulation in female rabbits when administered at 200mg/kg [221].

2.2.2.17 Diuretic Effects
The diuretic effect of the Nigella Sativa seeds dichloromethane extract was
investigated in rats. The Nigella Sativa seeds extract (0.6ml/kg) and furosemide
(5mg/kg/day) oral administration significantly increased the dieresis by 16 and 30%
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respectively after completion of two week therapy; subsequently urinary excretion of
electrolytes and urea was also enhanced [222].

2.2.2.18 Anti urolithatic Effects
Thymoquinone significantly decreased in rat’s model the calcium oxalate deposits
numbers and size in the renal tubules in ethyleneglycol-induced renal calculi [223].
Treatment with the ethanolic extract of Nigella Sativa caused a significant reduction
in the size and number of calcium oxalate deposits in the case of ethylene glycolinduced renal calculi in rats model and also caused lowering of calcium oxalate
concentration in the urine of rats strongly suggesting the Nigella Sativa utilization as
an antiurolithatic agent [224].

2.2.2.19 Anti spasmolytic Effects
TheNigella Sativa seeds aqueous extract increased the ileum sensitivity to
acetylcholine,also in a dose dependent manner interacted with serotonin, produced
mild to moderate relaxation effect and also showed sposmolytic activity justifying its
traditional use in diarrhea [225]. The ethanol extract and the volatile oil of the seeds
inhibited the agonistic contractions as well as rabbits jejunum spontaneous
movements suggesting the Ca-channel blockade as its possible sposmolytic mode of
action [226].

2.2.2.20 Treatment of Opioid Dependence
Nigella Sativa seeds are effective in opioid dependence long term treatment. While
treating 35 patients with opioid dependency, it not only effectively cures and treats the
dependency from opioid but also effectively ameliorated the weakness and infections
from which a lo of the addict’s individuals suffer [227].
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2.2.2.21 Experimental Autoimmune Encephalomyelitis Treatment
In experimental autoimmune encephomyelitis(EAE) in rats thymoquinone afforded
100% protection suggesting its potential role and efficacy in the treatment in chronic
relapsing multiple sclerosis phase inthe human.The ROS production induced by EAE
was inhibited by the Nigella Sativa therapy which in turn presenting decreased levels
of MDA of both medulla spinalis and brain tissues and a decline in NO levels in brain
suggesting its protective and anti oxidant role against oxidative stress in autoimmune
encephalomyelitis induced experimentally [228].

2.2.2.22 Anti bacterial Effects
TheNigella Sativa seeds ethanolic extract at a dose of 40mg/disc concentration has
inhibited methicillin resistant staphylococcus aureus growth with minimum inhibitory
concentrations in the range of 0.2-0.5mg/ml [229]. Theessential oilof Nigella
Sativaseed obtained by dry steam distillation(SD), hydro distillation(HD), super
critical fluid extraction (SFE-SD), crude oilsproduced by solvent extraction(SE-SD)
and steam distillation (SD) were examined for their anti bacterial effects.
The MIC values of extracts were 4mg/ml for both SE-SD and SFE-SD and 32
and 256 mg/ml for both HD and SD respectively. All samples of oil were more
significantly active against gram positive then against gram negative organisms [230].
The Nigella Sativa different crud extracts were examinedagainst different
isolates for their antimicrobial activity of different bacteria viz 6 types of gram
positive and 16 types of gram negative bacteria’s. Among the tested extracts the crude
alkaloid and water extracts were observed the most effective ones. Further among
them gram negative isolates were found more effective as compared to gram positive
isolates [231]. The Nigella Sativaseed diethyl ether impregnated filter paper discs (25400mg extract/disc) provided concentration dependent inhibitory effect on various
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micro organism for example Escrasia coli. Pseudomonas aeruginosa, staphylococcus
aureus and a pathogenic yeast candida albicans [232].
The Nigella Sativa seeds volatile oil anti microbial effects was studied.
Thymoquinone isolated from volatile oil has been found as the principle anti
microbial agent to be very much active against various gram-positive organism and
some forms of yeasts [233]. The Nigella Sativa seeds methanolic extract has been
found to inhibit the growth of streptococcus mutants thus exhibiting anti-plaque
activity and alsocause prevention of some types of dental caries [234].
The Nigella Sativa seeds alcoholic extract exhibited anti bacterial effects
against micrococcus pyogenese var, shigella dysentteriae, aureus, S;boydii, S sonnei,
E.coli and vibrio cholera. Its antibacterial activities were found in another study too to
exhibit against Bacillus subtalis, B. pumalis staphylococcus aureous, streptococcus
mutants, S. lutea and P. aeruginosa [235].

2.2.2.23 Anti fungal Effects
The Nigella Sativa seeds ether extract and the thymoquinone anti fungal effectiveness
were evaluated against 08 different species of dermatophytes; four various species of
the fungus trichophyton rubrumand one each of the fungus trichophyton menta
graphytes, trichophyton interdigitale, microsporum canis and epidermophyton
floccosum. The thymoquinone and ether extract of Nigella Sativa MICs values were
between the range of 40 and 10 and 0.25 and 0.125 mg/ml, while in the case of an anti
fungal agent griseofulvin it ranged from 0.00095 to 0.0155 mg/ml, respectively [236].
The aqueous extracts of Nigella Sativaseed effects were investigated on
candadiasis in mice. The candida albicans intravenous inoculums caused production
of this organism colonies in the spleen, kidneys and liver in mice. During
investigation an almost double decline in candida in spleen, 8-fold in liver and 5-fold
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in kidneys was noticed in mice post treated with the Nigella Sativa extract, the
aqueous extract of seed exhibit inhibitory effect against candadiasis as shown by the
results [237].
The Nigella Sativa seed oil anti fungal activities were evaluated against 20
different fungi strains including industrial and pathogenic strains.Although all the oils
have anti fungal effects but the volatile oil of Nigella Sativa showed some
extraordinar and stronger range of antifungal effects against different strains of fungi.
The seeds volatile oil MIC values against different fungal growth were also
investigated against threedifferent strains of pathogenic fungi and lowest MIC was
observed against strains of aspergilla’s fumigates [238].

2.2.2.24 Anti-schistosomiasis Effects
The anti schitosomal and anti oxidant effects of the Nigella Sativa oil and garlic
extract on healthy and sehistosoma mansoni-infected mice was evaluated. Nigella
Sativa oil (0.2mg/kg) and garlic extract (125mg/kg) were given in combination or
separately for a duration of 4 weeks consectively, starting from the day first of the
post infection, Nigella Sativa oil and garlic extract ameliorated most of the
biochemicala nd hematological changes and significantly improved sehistomiases
mice anti-oxidant capacityas compare to infected untreated group, in addition to this a
significant decline in the tissue eggs, worms and modification in Oogram style were
noted in all the groupstreated with Nigella Sativa [239].
The Nigella Sativa seeds schistosomocidal effects were investigated in vitro
against some adult worms, sehistosoma mansonic cercariae and sehistoma mansonic
miracidia. Against all stages of the parasite a potent biocidal effect was shown by
inhibiting the egg-laying process of female adult worms and a decrease in the
activities of both anti oxidant enzyme, glutathione peroxidase, super dismutase and
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the enzyme glutathione reductase as wellglucose 6 phosphate dehydrogenase and
hexokinase enzymes which are responsible for the glucose metabolism [240].

2.2.2.25 Anthelmintic Effects
The Nigella Sativa seeds ether extract when used at 151.7 ppm exhibited a lervicidal
effect against culex pipiens, while the hydroalcoholic extract at a concentration of 125
mg/ml is reported of having high effectiveness against Entamoeba hitolytica [241].
2.2.3

TOXICOLOGY

Traditionally in the mentioneddosage the drug is considered to be safe. Thefixed oil of
Nigella Sativa toxicity was evaluated in rats and mice models. After administration of
the single doses interperitoneal and orally the LD50 values in mice were 2.061 ml/kg
b.w. I.p., and 28.8ml/kg b.w. per orally respectively.The alcoholic extract LD50 was
reported in albino mice to be 561 mg/kg interperitonealy. The Nigella Sativa fixed oil
upon oral administration in 2ml/kg b.w. daily for a period of 12 weeks showed
changes in hematological parameters in a chronic toxicity study in rats.
However,there were no any distinct alterations in any biochemical parameter or
histology appearance in liver, pancreas, heart and kidneys [198].
TheNigella Sativa LD50 in mice upon oral ingestion was found to be 870.9
mg/kg and upon adminisreation of intraperitoneal injection it was found to be
104.7mg/kg. Whereas inrats after oral ingestion LD50 was found to be 794.3mg/kg
and 57.5mg/kg respectively upon intraperitoneal injection administration[242].
TheNigella Sativa seeds methanol, chloroform and aqueous extracts acute
toxicity was investigated during another study. To evaluate their LD50 these different
extracts namely methanol, chloroform and aqueous extracts were given per orally, in
four different doses, 6,9, 14 and 21gm/kg in mice. Weight variations and mortality
rate in all the groups have been also determined after 3 and 7 days, respectively.
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Aqueous seed extract treate dgroup shown some degenerative changes suggesting the
hepatic toxicity with this extract group only [243].
During another study in Sprague Dawley rats the safety of Nigella Sativa
essential oil and fixed oil at a doses of 0.3% and 4% were investigated. The various
serological parameters like protein profile, liver and kidneys functioning tests, cardiac
enzymes, serum electrolytes, RBC and WBC count remained within the normal range
validating its safety profile [244].
2.2.4

CLINICAL EVALUATION

After the patients were treated withNigella Sativa seed extracts a decline in pus cells
in the urine was observed during a clinical trial in female patients with urinary tract
infections. The Nigella Sativa seeds alcoholic extracts after oral intake tend to
normelize both types of the blood pressure i, e systolic and diastolic blood pressure
in a very highly significant rangd for up to a 5hrs duration consecutively. The Nigella
Sativa seeds anticestodal effect were evaluated in peadiatric patients, positive results
were shown without any serious nature of side effects [108].
To investigate clinical effectiveness of Nigella Sativa seeds extractand
phylanthrus

niruri

extract

(KSPN

extract)

adouble-blind,comparative,

randomized,parallel and a placebo-controlled studywas conducted on patients of acute
pharangitis for a period of 7 days. A large no of patents in the NSPN group as
compared to the placebo group were found cured their pharangitis upon completion of
therapy which was also statistically significant [245].
The Nigella Sativa seeds aqueous extract was given as an ad-on therapeutic
agent in a cross over,double blind,clinical trial carried out upon children with
refractory epilepsy. During treatment with extract the mean frequency of seizures
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decreased significantly.The effects of Nigella Sativa seeds boiled extract of 0.1%
15ml/kg in asthmatic patients was evaluated for a period of 3 months.
All signs and symptoms of asthma including chest wheezing, attack frequency
and pulomonary function test were significantly improved in the treated group similar
results were obtained upon administration of Nigella Sativa boiled extract50100mg/kg per orally daily in 15 asthmatic patients for a period of 6 weeks [246].
The Nigella Sativa seeds supplementation effects on symptoms levels of
hematological parameters, polymorph nuclear leukocyte (PMN) functions and
lymphocytes subsets of allergen specific immunotherapy in allergic rhinitis during in
24 patients of allergy for a period of30 days was investigated. Upon investigations it
was concluded to be a very effective agent as an ad-on therapy in allergic rhinitis
patients [247].
A double blind, randomized controlled clinical trial on 123 patients was
conducted to evaluate the safety, efficacy and tolerability of the Nigella Sativa seeds
encapsulated powder dosage form on various parameters including blood glucose,
body weight, blood pressure and lipid profile.
Almost in all the variables favorable impact was noted with the utilization of the
said dosage form [248].
In recent years, traditional and ethno botanical uses of natural products,
especially of plant origion gained much importance because of their efficiency and
safety in humans. All over the world natural drugs especially from the plant sources
are the focus of research. These natural compounds also like other allopathic
molecules needs scientific scrutiny on modern and modern lines such as
phytochemistry, clinical evaluation, toxicity studies and mechanism of actions on
animal models [249].
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Nigella Sativais reported to possess antidiabetic, antitumor, pulmonary,
gastroprotective,cardiovascular,diuretic,antiinflammory,antioxidant,antimicrobial,anti
convulsant,antiurolithatic,antinocicepticve,anxiolytic,hepetoprotective,nephroprotecti
ve,anthelmantic,antioxidant,anti fertality and immunomodulatory activities but more
pharmacological activities are required to be explored in future more modern and
scientific studies. The different isolated principles from the Nigella Sativa seeds
require further investigation on sound scientific manner while using different animal
models and clinical trials for this purpose. To understand the molecular mechanism of
action in search of lead molecule from natural sources further research is needed.
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3.1 MATERIALS
i. Chemicals and Drugs
Total Cholesterol test reagent (Pioneer, Italy), Triglyceride test reagent (Globe, Italy),
HDL cholesterol test reagent (Human, Germany), LDL cholesterol test reagent
(Human, Germany), Blood glucose test reagent (Globe, Italy), Tumor necrosis factor
test reagent

(Biotech, Germany), Adiponectin test reagent (Biotech, Germany),

HBA1C test reagent (Globe, Italy), ALT, AST test reagent (Sigma, Italy) PT, PTT test
reagent (Roche, diagnostics), Total Cholesterol

reagent rats (Pioneer, Italy),

Adiponectin reagent rats (Alapco, Germany), HDL cholesterol reagent rats(Human,
Germany), LDL cholesterol reagent rats (Human, Germany), Blood glucose/insulin
reagent rats (Globe, Italy), TNF-α reagent rats (Alapco, Germany), LFT’s reagent
rats (Quimica, Spain), DNA synthesis kit (Roche, Germany), Ultra sound gel (Adopt,
Malasia), RT-PCR primers (Roche, Germany),Rats OGG1 antibody (Alpha
Diagnostics, USA),TNF-α reagent (Biotech, Germany), LFT’s reagent (Sigma, Italy),
Rats β-actin antibody (Alpha Diagnostics, USA), RT-PCR primers (Roche,
Germany), ECL plus detection reagent (Roche, Germany), Tablet Nigella Sativa, 300
mg, (Top Treatment Products, Lahore, Pakistan),Tab. Elalapril 10mg (MSD,
Karachi), Tab. Atenolol 50mg (ICI, Karachi) Tab. Simvastain 10mg (Willsons,
Islamabad),Tab. Asprin 75mg (Highnoon, Karachi), Tab. Metformin 500mg (Aventis,
Karachi), Tab. Amlodipin 5mg (Pfizer, Karachi)
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ii. Equipments
RT-PCR (Roche, Germany), Tru cut biopsy needle (Brunt System, Malaysia), PVDF
membrane (Millipore, USA)
iii. Animals
Albino rats (NIH, Islamabad)

3.2 METHODS
3.2.1 PREVALENCE OF NAFLD AND NASH IN AGEING POPULATION
The present prospective clinical study was carried out in a tertiary care facility
medicine department of the Combined Military Hospital Peshawar Cantonment,
Khyber Pakhtunkhwa, Pakistan. Only eligible cases including Army personnel,
Officers and their families, parents and private patients who visited department of
Medicine for various medical problems in age group of 20 to 65 years were enrolled
for the study. It includes patients of both genders. Diagnosis was made on the basis of
ultrasound and liver biopsy along with clinical findings. All specialists and medical
officers (MO’s) were informed about study scope and patients referral for enrollment.
Approximately 400 patients were offered enrollment during 12 months period from
June 2013 to June 2014 after permission from hospital ethical committee and written
patient consent. A base line questionnaire was provided. The questionnaire include
information about the patients dietary habits i.e. frequency of fast food restaurants
visits and soft drinks/beverages intake, medical history, known history of chronic
liver disease and current drug profile. Following questionnaire was provided to all the
participants:
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Patients Name---------------------------------- Age--------------------------------------------Sex---------------------------------------------- Weight---------------------------------------Lenguage----------------------------------------- Ethnicity ------------------------------------Profession -----------------------------------------Medical history -------------------------Diet (fast foods) ---------------------------Soft drinks -------------------------------Exercise ----------------------------------------A. Ethical issues: Proper approval from hospital ethical committee was obtained
vide Letter No. E/012/2013.
B. Patients consent: All the participants were informed about study scope and
possible hazards during study and their written consent was obtained.
C. Study design: Randomized controlled prospective clinical study.

3.2.1.1 Inclusion Criteria
1.Waist circumference : abdominal obesity
>102cm in male
>88 cm in female
2.Serum TG > 152mg%
3.Serum HDL< 51mg
4. Blood pressure:
Systolic> 140mmHg,
Diastolic > 90mm Hg.
5. Fasting blood sugar >120mg %
A criteria of 3 or >3 was followed for confirmation of fatty liver disease cases.

3.2.1.2 Exclusion Criteria
•

Having a history of chronic liver disease

•

Patients on medications that are associated with fatty liver disease steroids,
tamoxifen etc.
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3.2.1.3 Sampling Method of NAFLD and NASH
Ultrasound (U/S) right upper quadrant and percutaneous liver biopsy were used as
diagnostic tools for NAFLD and NASH.
A. U/S Right Upper Quadrant
Ultrasound right upper quadrant was performed by radiology department at Combined
Military Hospital Peshawar Cantonment. Ultrasonographic examinations were
performed by qualified radiologist having 10-15 years of experience. For right upper
quadrant ultrasoundexamination technical parameters were adjusted for each patient
using the standard protocols. The liver was labeled as fatty liver when the liver had
areas of significantly increased echogenicity as compared to the renal parenchyma.
B. Investigations Required
Venous blood was drawn in the morning after an over night fast and following fasting
blood tests were carried out before liver biopsy: Complete Bloodcounts, coagulation
studies, tumor necrosis factor, lipid profile, liver function tests, hemoglobin A1C,
blood glucose and serum adipokine and cytokine analysis.
C. Liver Biopsy
All cases among the studied patients having a positive US report i.e. suggesting
hepatic steotosis were considered for liver biopsy An expert hepatologist himself did
all the biopsies using 18 G trucut biopsy needle. All the biopsy were examined and
reported by expert histopathologists while utilizing the Brunt system of grading and
staging of steatohepatitis.
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IN-VIVO STUDIES OF NIGELLA SATIVA USING RAT AS ANIMAL
MODEL

3.2.2.1 Experimental Animals
This part ofthe study was carried out under the supervision of institutional animal care
and use committee. The rats were kept individually in wire cages under controlled
conditions of temperature (30±3 ˚C), light (12 hrs light/dark cycles) and relative
humidity (70±80 %). The animals were feded with a diet of ad libitum on water a rat
diet (AIN-93 M diet) specially formulated for adults rodents. The protocols were
approved by the institutional

Ethical Committee, University of Malakand under

Animal Bye-Laws 2008 of the University of Malakand (Scientific Procedures IssueI).

3.2.2.2 Design of Experiment
The study was conducted on 52 male albino aged rats (16-18 months) procured from
the national institute of health Islamabad Pakistan. All rats were housed individually
in cages provided with standard laboratory environment of 12hrs light/ dark at
30±3˚Cand relative humidly of 70-80% in the animal house. Rats were allocated
randomly in to three groups:
Group-I (Control Group-C) (n=20) standard diet feeded rats group
Group-II (Fatty liver Group-F) (n=14) High fructose diet feeded group (60%
pure fructose w/w added in diet)
Group-III (Fatty liver and Nigella sativa Group-F/NS) (n=18) was fed high
fructose diet as Group-F and supplemented with Nigella sativa crushed tablets (1.6
g/kg) in order to achieve Nigella sativa daily intake of 170 mg/kg b.w.
The Nigella sativa crushed tablets mean daily intake per rat was calculated to be
54±1.4 mg modified from Buriro and Tayyab (Buriro and Tayyab, 2007). Tablets
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Nigella Sativa were obtained from Top Treatment Products (Private) Limited Lahore,
Pakistan.
Throughout the study duration, all the rats involved were examined for daily
food intake and their body weight was calculated on weekly basis. After 06 weeks, the
rats were fasted for 12 hrs, weighed and for ease of handling anesthetized with a
mixture of ketamin and xylaxine (100 and 20 mg/kg) and fixed on dissecting table on
its back and the animal length was determined from anus to the tip of the nose while
the neck is extended for Body Mass Index (BMI) calculation. The blood samples were
collected by abdominal incision from aorta and dispensed in to the labeled plastic
tubes. The collected sample was centrifuged at 3000 rpm for 15 minutes for serum
separation for later biochemical study and was stored at -80OC. A 5-Digit-Melter
Balance was used for weighing of excised visceral fat.

3.2.2.3 Biochemical Assay of Serum
Randox and Eliza kit EIA, 2018 (DRG international Inc, USA) were used for
determination of rate glucose and insulin levels. Total cholesterol (TC) HDL-c and
LDL-c were determined by using Bio merieux kit and serum adeponectin and TNF-α
by using ALPCO ELIZA kit. Liver function tests were performed by using diagnostic
kits (Quimica Clinica, Applicada, S.A, Spain).
Following equation was used for determination of vLDL-c
VLDL-c = Total cholesterol – (HDL-c+ LDL-c)
The HOMA-R an index of insulin resistance was calculated from the product of
the fasting level of plasma insulin (micro units / milliliter) and plasma sugar (mmoles
/ l divided by 22.5).
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3.2.2.4 Histopathological examination
Liver, kidney and brains of the rat were excised for histopathalogical examination and
kept in 10 % formalin solution, dehydrated, cleared in Zylol and embedded in
perablast. Paraffin sections stained by hemotoxylin and eosin (Hx&E) were cut
serially at 6 cm thickness for microscopical examination. Score system was used for
histopathological examination. Vascular degeneration, inflammatory cell infiltration,
congestion and necrosis were used as criteria.
Grading of numerous parameters were designated as;
0 = No abnormality
+ = Mild abnormality,
++ = Moderate abnormality
+++ = Sever abnormality(Bilgin et al. 2011) [250].
3.2.2.5 Real-Time PCR (RT-PCR) for oxidative defense mechanism related
genes
The total hepatic RNA was extracted while using trizol reagent with absorbency
measured at 260 nm according to the supplier protocol. Briefly1µg of total RNA was
utilized for the synthesis of the first strand of cDNAs with an iScript TM while using
cDNA synthesis kit. Then the synthesized first-strand of cDNA in a ratio of 1:9 was
diluted with water and the aliquots were further processed for the simplification of the
genes related to oxidative defense mechanism (Sod1, Sod2, Ogg1, and MutY) and βactin cDNA fragments with commercially available IQ TM SYBR Green Super mix.
Real-Time PCR was carried out while using a Bio-Rad Mini Optican RT-PCR
system. The Real-Time PCR primers were purchased from Roche Inc, Germany. The
primer sequences are enlisted in Table 3.1.
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3.2.2.6 Western Blot Analysis
The expression of OGG1 in the rat’s liver was determined with western blotting. For
this purpose 30µg of livers protein was separated on 10% SDS-polycrylamide gel
while running with a uniform and constant current for duration of 2.5 hrs. After
electrophoresis, the separated fraction of proteins were shifted to PVDF membrane
already assembled in a Bio-Rad Transblot system and then immersed in blocking
buffer at 40C for overnight. Then, the membrane was utilized for the detection of the
levels of rats OGG1 protein with a primary antibody against rats OGG1 or β-actin as a
control immune complexes which were visualized while using ECL plus detection
reagents. The fluorescent images quantitative comparison was achieved with a
densitometer.

Table 3.1:Primer sequences of genes related to DNA repair
and antioxidant defense mechanism
Gene
Sod I

Sequence

ID Number

F:5’gtggcgbbccagccgtgttgct-3’

AS 011434

R:5’ctgactcttagccctggacacc-3’
Sod 2

F:5’-acgccacaacccaggccgtcctct-3’

AS 013671

R:5’-tgctcgaataacgaccatataa-3’
Ogg 1

F:5’-gcgatcatggtcggtactt-3’

AS 010957

R:5’-cggattggttggagccgg-3’
MutY

F:5’-acttgattaactagaatttgca-3’

AS 133250

R:5’-gatccgttaacgcggtgctgcgag-3’
β-actin

F:5’-gccctagtgagtgcacta-3’

AS 007393

R:5’-acctcaaccgccggccgg-3’
Code for oxoguanine DNA glycosylase:

Ogg1

Code for MutY homolog DNA (A/G specific adenine) glycosylase: MutY
Code for cytosolic superoxide dismutase:

Sod1

Code for mitochondrial superoxide dismutase:

Sod2

As a competitive control:

β-actin
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3.2.3 AD-ON THERAPY EFFECTS OF TABLETS NIGELLA SATIVA ON
FATTY LIVER DISEASE IN HUMANS
After fulfillment of all the prerequisites required for study purpose the well identified
and diagnosed and individuals were enrolled in this prospective study. This clinical
study was conducted in a tertiary care health care facility the Combined Military
Hospital Peshawar Cantonment from June, 2013 to May,2014. A total of 60
individuals (50 male and 10 female) above the age of 25 years were included in the
study, upon confirmed diagnosis and after careful consideration of inclusion and
exclusion criteria.
A. Ethical issues: Proper approval from hospital ethical committee was obtained
vide Letter No. E/012/2013.
B. Informed patients consent: All the participants were informed about study
scope and possible hazards during study and their written consent was got.
C. Study design: Controlled randomized prospective study.

3.2.3.1 Inclusion Criteria
•

Fasting Blood Sugar (FBS) > 110 mg %

•

Blood Pressure (BP)

> 140 / 90mm Hg

•

Serum Triglyceride (TG)

> 150 mg %

•

Serum High Density Lipoprotein (HDL-c) < 50 mg %

•

Abdominal obesity; west circumference
Male patients > 102 cm
Female Patients > 88 cm

•

ALT/AST Ratio > 1.0 may be reversed.

To diagnose fatty liver disease case a criteria of 03 or more with or without
therapy must exists.
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3.2.3.2 Exclusion Criteria
Diabetes mellitus Type-I, primary dislipidemia, myopathy, chronic renal disease,
Pregnancy.
After a thorough examination complete medical histories of all the patients were
taken. Following base line parameters were taken. Fasting and post parandial blood
sugar, total cholesterol (TC) triglyceride (TG) low density lipoprotein (LDL-c), high
density lipoprotein (HDL-c), body weight, body mass index and waist circumference,
LFTs, TNF-α, Serum bilirubin and ultrasound liver in selected individuals.
The afore mentioned clinical and biochemical variables were noted at the
commencement and termination of therapy.

3.2.3.3 Study Groups
Based on clinical profiles and therapeutic interventions a total of 60 patients were
divided in to two groups.
A. Group-1 (Control Group)
Patients having dyslipidemia, diabetes, obesity and getting the standard treatment i,e
tablet Pioglitazone 30mg once daily, tablet metformin 500mg twice daily and Tablet
Rosuvastatin 10mg at night daily for six weeks duration (n=30).
B. Group-II (Nigella Sativa Group)
Patients having same problems and getting the standard treatment plus tablet Nigella
Sativa 600 mg per orally twice daily for six weeks duration (n=30).

3.2.3.4 Statistical Analysis
All the collected data was analysed using SPSS software and percentage
improvements were calculated. The difference among the two groups was noted,
unpaired t-Test was applied to determine whether difference of percentage
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improvement in Group-I and Group-II was significant or not.Potential difference
between proportions and rates of occurrence were assessed with fisher exact test or X 2
as appropriate and descriptive statistics were calculated for all age groups.
Differences of the average value between groups for continuous variables were
evaluated with Mann Whitney test. A logistic regression model was constructed and
parameters selected by maximum like to assess the independent predictive effect of a
covariate for a nominal response (development of NASH). On a spearman rank
correlation analysis only the factors that were significant (P<0.05) were covered in to
the multivariate model for the determinations of independent prognostic effect of
these variables for development of NASH. For the best predictive model receiver
operating characteristic curve was created. The probability of NASH presence was
calculated by utilizing the combination of minimum, maximum and mean values from
the logistic regression model of independent predictors.

The one way analysis of variance (ANOVA) and LSD (Least Significance
Difference) was used for analysis to find difference among the groups. Least square
method was used for calculating correlations and lines of regression. A probability of
P-value< 0.05; 2-tailed t-Test was taken as statistically significant. All the calculated
data was expressed as mean ±SEM.
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4.1 PREVALENCE OF NAFLD AND NASH IN AGEING
POPULATION
A total of 400 patients were enrolled from June, 2013 to June, 2014, 30 patients either
did not underwent ultrasound examination or did not keep their ultrasound record, 06
patients were excluded on having earlier fatty liver disease, 164 Patients under went
right upper quadrant ultrasound. Most of the patients were middle aged (53.5±7.30
year, ranges 20-65 years) and 51% were female. The mean BMI calculated as Kg/m 2
was 29.9±5.65 with 45.5% of the cases meeting obesity criteria (BMI>30).
Hypertension and diabetes mellitus were identified in 49.8% and 16.6% of patients
respectively (Table 4.1).

Table 4. 1: NAFLD/ NASH patient’s demographic data
Patient No.
(n=164)
Study Cohort %
Pathans (n=36)%
Pashtu
Punjabies (n=103)%
Punjabi
Sindhies (n=18)%
Sindhi
Others (n=7)%
Hindko
Male %
Age,
BMI a
BMI> 30 (obese)%
Diabetes %
Hypertension %
Fast Food (> 2 per week)
Non diet Beverages (> 2 per
week)
Exercise (> 60 min/week)

Negative
U/S(nonNAFLD)
(n=86)
54% (n=86)
41.5% (n=36)

Positive U/S
(NAFLD included
NASH)
(n=78)
46% (n=78)
58.5% (n=36)

55.5% (n=103)

44.5% (n=103)

NA

64.8% (n=18)

35.2% (n=18)

NA

64.4% (n=7)

35.6% (n=7)

NA

41%
53.7% (7.85)
27.5% (4.95)
26.7%
10.1%
33.8%
60.7%
39.7%

59%
55.8% (6.50)
32.5% (5.35)
67.6%
26.5%
68.5%
70.8%
48.5%

0.002
0.005
<0.000
<0.000
<0.000
<0.000
0.049
0.12

68.8%

56.5%

P Value
NA
NA

0.02
90

CHAPTER No. 4

RESULTS AND DISCUSSION

Table 4.2: Comparative clinical data of individuals (NASH
and without NASH)
Ptient No (n=164)
Complete Study prevalence cohort %
Pathans (n=18)% *L= Pashtu
Punjabies (n=39)% *L= Punjabi
Sindhies (n=06)% *L= Sindhi
Others (n=3)% *L= Hindko
Male%
Age,γ,mean (SD)
BMI a Mean (SD)
BMI >30(obese)%
Diabetes
Hypertension%
Insulin-Sensitivity check Index
quantitative mean (SD)
Glucose, mg/dl, mean (SD)
Insulin, iu/ml,mean(SD)
Hb A1c, mean (SD)
ALT,U/L, mean (SD)
AST,U/L, mean (SD)
Alkaline phosphates mg/ml mean (SD)
LDL mg/dl, mean (SD)
HDL mg/μl, mean (SD)
Total cholesterol mg/ml mean (SD)
Adiponectin mg/ml, mean (SD)
Tumor necrosis factor, pg/ml mean
(SD)
High sensitively c-reactive protein,
mg/ml, mean (SD)
Cytokaratin-18 μg/l, mean (SD)
Free fatty acid, mEq/l, mean(SD)
Steatoosis %
<05
05-33
33-65
Beverages Non diet >02 per week)%
Fast food >2 per week) %
Exercise (> 60 min per week)%

WithoutNASH
(n=46)
28.1
59
37.6
61.6
79.8
59
55.2(6.76)
31.7(5.35)
64.5
23.9
63
0.34(0.04)

P
NASH
Value
(n=20)
12.3
NA
41
NA
26.4
NA
38.4
NA
19.2
NA
64
0.55
54.18(6.16)
0.40
34.5(5.42)
0.02
80.5
0.08
25.2
0.87
77.6
0.11
0.31(0.03)
<0.00

103.5(30.02)
15 (8.5)
06.14(0.92)
36.3(15.74)

109.6(26.9)
23.5(14)
06 (0.73)
51(19.56)

25.7(7.45)
82.8(22.32)
110.7(39.25)

36.4(13.06)
88.3(29.92)
111.4(30.07
)
44.4(0.02)
004
187(36.70)
0.35
7816(4812) 0.03
12.04(36.03
0.14
)
7352(6398)
0.05

49.3(15.66)
180.7(44.50)
11,030(13,080)
5.59(2.05)
5356(5538)

0.18
<.0005
0.83
<0.000
5
<.0005
0.26
0.94

0.03

0.63(0.27)

307.2(233.2
)
062(0.22)

19
59.7
21.4
43
67.5
56.45

0.0
37.7
51
55.5
80.2
57.7

NA
NA
NA
0.21
0.15
0.90

210.4(119)

0.89

Key: *L stand for Language spoken in Pakistan
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Figure 4.1:Independent pridictors of NASH
Insulin and alanine aminotransferase (ALT) were found to be independently
predictive of non alcoholic steatohepatitis (NASH). Using these variables, an equation
was created to predict NASH with a receiver operating characteristic of 0.806 (95%
CI: 0.72−0.89; P< .001). Using a cut-off value of −0.806 derived from equation, the
sensitivity and specificity are approximately equal to 75%. Subsequently, a
probability curve for insulin and ALT for detecting NASH was created.
4.1.1

PREVALENCE OF NAFLD

Seventy eight patients out of 164 had evidence of NAFLD upon ultrasound of right
upper quadrant and were referred for percutaneous liver biopsy, ten patients refused
percutaneous liver biopsy and three patents had no NAFLD evidence upon biopsy.
The majority of this study NAFLD cases were male (59%). NAFLD cases were
heavier and significantly older with a much higher ratio of prevalence of diabetes and
hypertension NAFLD cases also visited more fast food restaurant and their eating
habits were irrational also they exercised very less as compared to other normal
healthy individuals (Table 4.1)
4.1.2

PREVALENCE OF NASH

The NASH prevalence was found 12.3% (20 patients) among the entire cohort. The
majority (65%) of NASH patients were male with more insulin resistance and a
significantly higher BMI than patients with simple stetosis on liver biopsy (Table 4.2).
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The mean Aspartate Amino Transferase (AST) (36.5±13.3 vs 25.8±7.45 and mean
Alanine Amino-Transferase (ALT) (50.9±19.8 vs 36.4±15.9) were higher in the
NASH cohort significantly (p-value <0.0005). The means HDL (high density
lipoprotein) levels were significantly low (p-value = 0.04) although there was no
significant difference in LDL cholesterol level (low density lipoprotein), Cytokeratin18 and C-Reactive protein levels were (p-value =0.03) and (p-value =0.05)
respectively which were significantly higher among the NASH patients while
adiponectin (p-value =0.03) was significantly lower among the NASH cohort. On
observation NASH patients and the simple steatosis cases with respect to free fatty
acid or tumor necrosis factor levels no difference were noted. A significant correlation
with respect to following variable was found for NASH: ALT 0.390 (p-value <0.002),
AST 0.315 (p-value <0.002), Insulin 0.412 (p-value < 0.002), BMI 0.224 (p-value
=0.02), Insulin sensitivity check index quantitative 0.378 (p-value <0.002), and
cytokeratin-18 0.277 (p-value =0.003), insulin and alanin aminotransferase were
found predictive of NASH independently as shown in (Figure 4.1).26 patients were
diabetic out of 164 i.e. total study cases with equal sex distribution. All the diabetic
patients were aged heavier exercised less and more hypertensive as compared to their
non diabetic counterparts. NAFLD and NASH prevalence among the study diabetic
population was 75% and 23% respectively. Diabetic patients having NASH were
obese heavier and hypertensive (Table 4.3).
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Table 4.3: Diabetic and Non-Diabetic patient’s clinical data.
Patient No.
(n=164)
Complete study cohort

Non-diabetic
(n=138)
83.6

Diabetic
(n=26)
16.4

p value
N/A

Pathans (n=36)%

81.8

18.2

NA

Punjabies (n=103)%

83.8

16.2

NA

Sindhies (n=18)%

81.2

18.2

NA

Others (n=7)%

92.8

7.2

NA

Female %

51.2

50.1

0.89

Age, , mean (SD)

53.5(7.17)

59(6.65)

<.0005

BMI,a mean (SD)

29.3(5.63)

32.9(4.78)

<.0005

Hypertension%

39.9

100.5

<.00005

Beverages non diet (>2 per wk)%

42.8

48.2

0.47

Fast food (>2 per wk) %

64.5

70.5

0.40

Exercise (>60min/wk)%

65.8

50.5

0.40

prevalence%

NAFLD the accumulation ofectopic fat in the hepatic tissue with possible progression
to NASH and at times to cirrhosis is more common and well associated with obesity
and insulin resistance. In this prospective study the most compelling finding is the
overall prevalence of NAFLD (46.5%) and NASH (12.3%) within our middle aged
population. The Dallas heart study found an overall prevalence for NAFLD 31% by
utilizing more sensitive imaging modalities. According to Dallas Heart study, the
highest prevalence rate was found in Hispanics followed by Caucasians and African
American [251]. A higher prevalence of NAFLD in this study may be due to very
simple and less sensitive tests used for this study and also a rising trend of obesity
and diabetes in Pakistan like around the world.
Life style mediated weight loss, through intake of reduced calories and physical
exercise is generally recommended to reduce liver fat content. The significant
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difference between patients with fatty liver group and those having no NAFLD on
U/S studies is really striking. Cases labeled with fatty liver visited more fast food
restaurants and seen less involved in any physical exercise compared to other
counterparts without fatty liver disease. Other investigators, have also confirmed the
linkage of fatty liver disease to life style[252]. Christopher-D William et al found in
their study that the majority of patients did not meet the physical activities
recommended guidelines for NAFLD [253]. Other investigators have shown that diet
higher in simple carbohydrates and less in vitamins especially vitamin C & E and
dietary fibers was consumed by NASH patients [254]. Data have shown that survival
rateand quality of life is lower in NAFLD cases as compared to general population
[1,255].
Liver related mortalities are considered the 3 rd cause after cardiovascular and
malignant disease. NAFLD cases were asymptomatic and were in middle aged
population in our study whereas; NASH prevalence is 7-fold to 8-fold higher than
previously investigated [256]. According to our knowledge at Pakistan military
hospitals level this is the first study to prospectively define prevalence NAFLD and
NASH. The 3% of all cases studied had evidence of advanced NASH i.e. stage 2-4
fibrosis. In patients with NASH long term follow up studies are lacking, but it has
been shown that in NASH patients liver related mortalities, are higher as compared to
non-NASH fatty liver [257]. In 20% cases cirrhosis develops whereas 30% to 40% of
cirrhotic patients dies during 10 year period, which is similar to mortality rate with
chronic hepatitis C [3].
NASH prevalence varies according to ethnicity; prevalence is highest in
Pathans in this region. It has been found that genetics and life style play a great role.
Examples include TNF-α polymorphism [258]. The PNPLA, 3 genes has been linked
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to steatosis and hepetocyte injury which is due to genetic polymorphism.It may be
more common among Pathans like Hispanics [259]. However, such genetic studies
are not enough to establish this linkage and further detailed research investigations are
required to confirm the said study.
It has become evident that sex is an important and major factor responsible for
the prevalence of NAFLD. During our study it was found that male patients had
significantly higher NAFLD (59% VS 41%; p-value = 0.001) and also higher rate of
NASH (64% VS 35%: p-value = 0.02). Sex hormone metabolism may be important in
pathogenesis of NAFLD, this findings are consistent with previous studies [260].
These statements are strongly supported by recent study inpediatrics that found
highest rate of fatty liver disease in boys after puberty (51.3%) and the lowest rate of
NAFLD in postpubertal girls (12.3%) [261]. Male patients with NAFLD within this
study cohort had significantly lower alkaline phosphotase (79.7%±22.5 VS
92.5±27.5; p-value =0.005), and higher serum ALT (44.2±18.2 VS 35.5±17.5: p-value
= 0.008), mean HDL (43.5±9.6 VS 54.5±17.5: p-value=<0.00005), C reactive protein
(5.65±6341, 7315±6380; p-value = 0.02), adeponectin (7875±4235 VS 11505±9370;
p-value <0.000). In male and female patients with NAFLD no difference in insulin
resistance and obesity were found. Although life style difference between male and
female may play a role because non diet beverages were consumed more by male
patients on weekly basis (54.5% Vs 35%, p-value =0.038).
The diabetic patients’ cohort was of special interest because they are at high risk
for NAFLD as compared to general population. A range of previously published
studies on the subject matter have substaintiated our findings and they concluded with
the prevalence percentage of NAFLD around 60% which is nearly consistent with
results found in our study [262]. In Pakistan, NASH prevalence had not been defined
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prospectively till date according to our knowledge. In this study the prevalence of
NASH in diabetic population was found to be 23% which is higher significantly than
in non-diabetic patients prevalence (11%, p-value =0.04) which is quite a matter of
worry because of higher risk of mortalities in patients with diabetes [263].
Every research study certainly has some limitations. So limitations of this study
are acknowledged because this is not a study based on population but on case
ascertainment and selection basis. The interesting fact regarding the prevalence of
obesity, diabetes and hypertension in this study is that it is quite similar to that found
by various US age based population studies [2,264]. No similar studies giving this
type of statistics are available in Pakistan till date on the subject matter. It is possible
that these observations and findings are conservative and NAFLD and NASH
prevalence may be higher. In this study, ultrasound of right upper quadrant was used
as a screening technique for detection of fatty liver. Although the specificity and
sensitively of ultrasound is very good for detection of fatty liver, whereas in cases
where steatosis is accounting for <33%, the accuracy of the test is likely to be
diminished.
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4.2 EFFECTS OF TABLETS NIGELLA SATIVA ON FATTY
LIVER IN THE RAT’S MODEL
In the 6th week of the study the death rate in the rats placed in Group-F was found
40%. However, there was observed less percentage of the death (15%) in the rats of
Group-F/NS. Among the three studied groups food intake, body weight both initial
and final, weight gain, liver weight, Body Mass Index (BMI) were not significantly
different (Table 4.4). However, in Group-F there was significant increase (pvalue<0.05) in visceral fat weight compared to Group-C and in Group-F/NS
decreased significantly (p-value<0.05) compared to Group-F approaching normal
control values. In both Group-F and Group-F/NS groups serum adeponectin level
decreased significantly (p-value<0.05) compared to Group-Cand in Group-F/NS
increased significantly (p-value<0.05) as compared to Group-F. In Group-F and
Group-F/NS serum glucose, insulin and HOMA-R increased significantly (pvalue<0.05) as compared to Group-Cand in Group-F/NS group decreased
significantly (p-value<0.05) as compared to Group-F (Table 4.4).
There was significant increase (p-value<0.05) in total cholesterol (TC), LDL-c,
vLDL-c, TNF-α, ALT, AST and bilirubin in Group-F and Group-F/NS compared to
control group. In Group-F/NS compared to Group-F there was significant decrease (pvalue<0.05) in total cholesterol (TC) and LDL-c while HDL-c was not different
significantly among the three studied groups (Table 4.4).
During correlation study of Group-F and Group-F/NS groups, it was found that
there were significantly positive correlations of visceral fat with serum glucose,
insulin, HOMA-R, TC, LDL-c, vLDL-c, TNF-α, ALT, AST and bilirubin and
negatively with serum adeponectin (Table 4.6).
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Histopathological examination of the liver of Group-F rats showed central veins
and blood sinusoids congestion, necrosis of the hepatocytes cells in the form of
Pyknosis of their nuclei and hepatocellular vacuolations (Figure 4.4 a.b.c). However
less extensive changes in this regard were found in livers of Group-F/NS in the form
of central veins congestion. The scoring of histological findings is shown in Table 4.5.
Histopathological examination of brains of Group-F rats showed pyknosis of
neurons, focal cerebral hemorrhage and focal gliosis. Brains from Group-F/NS rats
showed pyknosis of some neurons and neurophagia of pyknotic neurons (Figure 4.5
a.b.c).
Histopathological examination of the kidneys from Group-F rats showed
congestion of the renal blood vessels and necrobiotic changes of epithelial lining of
renal tubules. These changes in the kidneys of Group-F/NS rats were minor and less
extensive (Figure 4.6 a.b.c).
Gene expression of SOD1, SOD2, OGG1 and MUTY mRNA involved in
oxidative DNA repair and enzymatic antioxidant defense both demonstrated a parallel
wat towards down-regulation in fructose enriched diet Group-F but significant upregulation by adding crushed Nigella Sativa tablets Group-F/NS (Figure 4.7). The
mRNA expression of Ogg1 in fructose enriched group down regulated significantly
up to 34% of that in control diet group. However, it was significantly up-regulated to
1.36-fold of the control diet group and 4-times of the Group-F by co-administration of
crushed Nigella Sativa tablets in case of Group-F/NS. Western blot analysis for
OGG1 expression exhibited a similar and usual trend with expression of OGG1
mRNA. The OGG1 protein expression have demonstrated a substantial decline in
fatty liver group and retrieved significantly by crushed Nigella Sativa tablets co-
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administration Group-F/NS group compared with fatty liver Group-F alone (Figure
4.8).

Table 4.4:Changes in clinical and biochemical parameters
among the three groups
Parameters

Group-II
(n= 14)
297.3±6.8
365.3±7.7

Group-III
(n = 18)
306.2±3.6
368.6±1.9

P Value

Initial body weight (g)
Final body weight (g)

Group-I
(n = 20)
296.7±3.8
357.9±5.1

Weight gain (g)

61.3±2.4

69.2±4.1

63.4±2.8

NS

Food intake (g)

30.8±0.7

32.3±0.7

32.8±0.7

NS

BMI (kg/m2)

8.9±0.2

8.6±0.4

8.5±0.2

NS

Liverweight (g/100gm
B.W)
Visceral fat (g)

3.89+0.23

3.92+0.20

3.50+0.22

NS

9.7±0.3

25.7±2.2a

11.9±0.4b

<0.001

Adiponectin (ng/ml)

1.07 ±0.05

0.5±0.03a

0.6±0.02ab

<0.001

Serum glucose (mg/ml)

87.9±0.9

139.2 ±4.5a

107.8±1.7ab

<0.001

Serum insulin (µU/ml)

12.3±0.2

30.9±0.4a

15.3±0.3ab

<0.001

HOMA-R

2.7± 0.05

10.6±0.3a

3.8±0.09ab

<0.001

TC (mg/dl)

84.7±0.9

219.5±2.2a

121.6±1.9ab

<0.001

HDL-c (mg/dl)

34.8±0.4

36.3±0.6

36.2±0.8

NS

LDL-c(mg/dl)

34.2±0.5

155.8±1.5a

59.9±1.3ab

<0.001

vLDL-c(mg/dl)

15.9±0.8

29.5±2.5a

27.7±1.3a

<0.001

TNF-α (pg/ml)

19.4+0.612

32.1+0.671a

25.1+0.593ab

<0.001

ALT (U/L)

53.7+0.989

86.5+1.727a

74.8+0.749ab

<0.001

AST (U/L)

42.5+0.764

83.7+1.453a

63.3+1.706ab

<0.001

T-Bilirubin (mg/dl)

0.351+0.008

0.499+0.007a

0.432+0.008ab

<0.001

D-bilirubin (mg/dl)

0.151+0.006

0.244+0.01a

0.203+0.005ab

<0.001

NS
NS

a: significance by LSD at significance level p-value< 0.05 from Group-I.
b: significance by LSD at significance level p-value< 0.05 from Group-II.
P: significance by one way ANOVA among the three studied groups.
NS: not significant
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Table 4.5:Semi quantitative score of histopathological
findings
Group

Hydropic
Steotosis
degeneration
0
0

Inflammatory
cell infiltration
0

Group-I
(n = 20)
Group-II
++
+++
+++
(n = 14)
Group-III +
++
+
(n = 18)
0; absent, +; mild, ++; moderate, +++; severe

Congestion Necrosis
0

0

+++

+++

+

+

Table 4. 6:Correlations of visceral fat weight versus serum
level
Parameter
Glucose (mg/dl)
Insulin (µU/ml)
HOMA-R
TC (mg/dl)
LDL-c(mg/dl)
vLDL-c(mg/dl)
Adiponectin (ng/ml)
TNF-α (pg/ml)
ALT (U/L)
AST (U/L)
T-Bilirubin (mg/dl)
D-bilirubin (mg/dl)
r; correlation coefficient

Group-F
(n=14)
r
0.80
p
<0.001
r
0.88
p
<0.001
r
0.86
p
<0.001
r
0.88
p
<0.001
r
0.83
p
<0.001
r
0.96
p
<0.001
r
-0.78
p
<0.001
r
0.94
p
<0.001
r
0.86
p
<0.001
r
0.88
p
<0.001
r
0.80
p
<0.001
r
0.82
p
<0.001

Group-F/NS
(n=18)
r
0.72
p
<0.001
r
0.89
p
<0.001
r
0.84
p
<0.001
r
0.8
p
<0.001
r
0.69
p
<0.001
r
0.48
p
<0.005
r
-0.78
p
<0.001
r
0.52
p
<0.001
r
0.76
p
<0.001
r
0.79
p
<0.001
r
0.72
p
<0.001
r
0.73
p
<0.001
p; significance value
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Figure 4.2:Correlation of visceral fat weight versus HOMA-R

Figure 4.3: Correlation of visceral fat weight versus serum
adiponectin
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Figure 4.4:Liver Microscopic examination of (A) Group-C
Rat (B) Group-F Rat (C) Group-F/NS Rat (Hx & E 400 x)

Figure 4.5:Brain Microscopic examination of (A) Group-C
Rat (B) Group-F Rat (C) Group-F/NS Rat (Hx & E 400 x)
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Figure 4.6:Kidney Microscopic examination of (A) Group-C
Rat (B) Group-F Rat (C) Group-F/NS Rat (Hx & E 400 x)
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Figure 4.7:Real-time PCR for mRNA expression of genes
related to enzymatic antioxidant defense and DNA repair,
normalized by beta-actin.
(A) Sod1. (B) Sod2. (C) Ogg1. (D) MutY. Each experiment was performed in
duplicate for the accuracy purpose and is represented as the mean ± S.E of seven rats
in each group. (p-value< 0.01 compared with Nigella Sativa diet; p-value< 0.01
compared with fructose enriched diet group by Wilcoxon rank-sum test).

Figure 4.8:Western blot analysis of hepatic OGG1
expression
There was a significant decline in expression of OGG1 the Group-F compared with
Group-C (p-value< 0.01, Wilcoxon rank-sum test) but co-administeration of Nigella
Sativa tablets with the Group-F diet caused a significant reversal in the already
decreased OGG1 expression in comparison with that of the Group-F diet alone (p105
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value< 0.01, Wilcoxon rank-sum test). Each experiment was performed in duplicate
for the purpose of accuracy and is represented as the mean ±S.E of seven rats in each
group.
The raising prevalence rate of obesity has caused a leading occurrence of associated
liver injuries named NAFLD (non alcoholic fatty liver disease). Metabolic syndrome
and fatty liver is increasing globally due to sedentary life style and excess fructose
intake in processed foods.
The current investigation revealed that the Group-F rats fed with a diet high in
fructose for a duration of six weeks developed 03 criteria of fatty liver/metabolic
syndrome. This group rats developed visceral adiposity, atherogenic dyslipidemia in
the shape of raised levels of TC, LDL-c vLDL-c and also the develpoment of insulin
resistance. The higher comparative death ratio in Group-F with respect to Group-F/NS
suggests the fatal complications development at the end stage of the study.
The histopathalogical examinations of the livers, brains and kidneys of the
selected rats

showed congestion of vessels, necrosis, cellular degeneration and

cerebral hemorrhage in Group-F which may be causative factor of higher number
death in this particlar group. The findings that in Group-F rats visceral adiposity was
developed significantly with high fructose feeding as early as in 06 weeks without any
significant changes in final body weight, indicates that fatty liver/metabolic syndrome
and its complications are more linked with visceral adiposity and not with the obesity.
Similar results have been shown by previous studies[265]. The observation that
among the three studied groups the food intake was not significantly changed suggests
that if fructose content comparised an increasing proportion of the any ingested food
then fatty liver may occur even with normal food in daily requirement and energy
intake.
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Hypertriglyceridemia and development of hepatic insulin resistance might be
cause of fructose-induced visceral adiposity [266]. The increased level of
inflammatory mediators like, TNF-α and IL-6 were caused by excess visceral
adiposity which have been reported to be implicated in causing the insulin
resistance[267]. Our study showed that occurrence of insulin resistance and
dyslipidemia correlated positively and significantly with visceral fat weight and
negatively with serum adiponectin, a similar correlation validated in humans by
previous studies with increased waist hip ratio as well as normal men[268]. The
contribution of total body fat to hypoadeponectinemia was excluded due to the
absence of any statistically significant difference in BMI between Group-F and
Group-C[269].
The increased visceral fat decreases serum adiponectin which may deprive the
animal from natural anti oxidant, anti inflammatory, hepato protective and Cardio
protective properties which might also explain, the cellular and vascular microscopic
changes observed after therapy in Group-F rats livers brains and kidneys [270]. In
individual with fatty liver disease particularly in elderly patients the causative link
between visceral adiposity and hypoadiponectinemia in fatty liver might be qiute
helpful in prophylactic approach establishment to avoid the complications of fatty
liver disease.
In our study the contribution of visceral adiposity to insulin resistance showed
positively significant association between the visceral adiposity and that of HOMA-R
and was in accordance to previously reported results in animal and human models of
fatty liver and metabolic syndrome[271]. However, this correlation underlying cause
in not fully elucidated, the proposed mechanisms of action included lypolysis of
visceral deposits and enhancing the influx of non-esterified fatty acids into the portal
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vein blood blood circulation to the liver and hypoadiponectemia as well [272]. In the
current study, hypercholesterolemia observed in Group-F rats may be

due to

elevation in the level of LDL-c and vLDL-c rather than in the HDL-c level which was
found to be consistent according to ATP-III criteria of metabolic syndrome. This
unfavorable Lipid profile might be due to insulin resistance which has resultantly
maximized LDL-c and vLDL-c formation by the liver and minimized removal from
the circulation[273].
The results of the present study showed that the supplementation of Nigella
sativa crushed tablets with high fructose diet in Group-F/NS rat’s decreased visceral
fat, hyperlipidemia, insulin resistance, hypoadeponectenemia and normalize
histopathalogical architecture of livers brains and kidneys as seen in Group-F group.
Our results were similar to previous animal and human studies[274]. Nigella sativa
crushed tablets supplementation ameliorated all criteria of fatty liver despite of high
fructose diet continued intake indicates that it reverts causative factors of fatty liver
which might be insulin resistance or visceral adiposity. The seeds of Nigella sativa
were reported to posses’ hypolipidemic, hypoglycemic, antioxidant and antiinflammatory properties [275].
The Nigella Sativa cholesterol’s level lowering effect of was reported due to
either of the following mechanisms: inhibition of de novo cholesterol synthesis by 3HMG co enzyme down regulations or stimulating bile acid excretion [276]. The LDLc significant decrease was reported due to LDL receptor gene up regulation[277].
Previous studies on the subject matter aimed at life style mediated changes for such
patients like physical activities and restricting caloric intake which may not be
possible for elderly people due to their health state that limit physical activities.
Supplementation of Nigella sativa crushed tablets in rats diet produced significant
108

CHAPTER No. 4

RESULTS AND DISCUSSION

improvement in TNF-α and liver dysfunction by reducing the activity of AST, ALT
and the level of direct bilirubin and total bilirubin thereby reducing the progression of
fatty liver disease. Previous studied has already reported Nigella sativa antioxidant
and anti-inflammatory activity [278]. Increased serum ALT activity in Group-F (fatty
liver rat) may point out to energy depletion and mitochondrial dysfunction. Serum
ALT improvements in Group-F/NS may point to improving mitochondrial function
and increasing ATP production by Nigella sativa as shown previously in rats[279].
Our results clearly indicate that in the steatotic liver the oxidative DNA damage in the
rat fed with fructose enriched diet is distinctly increased. The fructose enriched diet
induced oxidative DNA damage can be attenuated by the Nigella Sativa therapy.
Gene expression ofDNA repair mechanism and enzymatic antioxidant defense,
including Sod1, Sod2, Ogg1 and MutY, all of these were down-regulated in fructose
enriched diet group and by adding crushed of tablets Nigella Sativa in fructose
enriched diet these were significantly reversed. ROS production was increased
significantly in rats fed with fructose enriched diet and in subjects with NASH [280].
Chronic oxidative stress secondary tothe excess production of ROS and the
antioxidant deletion is closely associated with chemically altering the structure of
protein, lipids and DNA [281,282].It was demonstrated during this study that in the
rats fed with fructose enriched diet increased oxidative damage with more
accumulation of 8-oxo-G deposition in steatotic hepatocytes. Additionally the DNA
repair mechanism and gene expression of enzymatic antioxidant defense (Sod1, Sod2,
Ogg1 and MutY mRNA) apparently declined in the livers of rat on fructose enriched
diet. The results from this study shows that liver oxidative DNA damage was elevated
remarkably along with decrease in antioxidant defense and repair system in fructose
enriched diet ratsGroup-F. To highlight the hepato-protective activities of Nigella
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different mechanisms have been explored,

including: Insulin resistance amelioration, reduction in TNF-α production, enhancing
the concentration of adiponectin, AMP-related protein kinase activation and
inactivation of the intracellularpro-inflammatory signaling pathway [283]. In another
study in alloxan induced diabetic rats or rabbits, treatment with pioglitazone enhanced
the SOD, Cu and Zn activity, decreased the level of peroxidation products in liver and
kidneys and catalse activity [284]. The increased level of oxidative stress in the fatty
liver patients has been recently recognized as an essential role involved in insulin
resistanceas demonstrated by the evidences [285].
In this study, it was also demonstrated that 8-oxo-G and MDA expression
reasonably enhanced with reciprocal decline in the level of Sod1, Sod2, Ogg1 and
MutY mRNA and Ogg1 protein expression in the hepatic tissue of Group-F diet rats.
As well, the above mentioned deleterious damages were significantly reversed by
adding the crushed Nigella Sativa tablets. To our information, this may be the first
study to demonstrate that kaloni treatment, by DNA repair mechanism and enhancing
antioxidant defense system, could attenuate theDNA damage and hepatic oxidative
stress induced by fructose enriched diet in Group-F rats. It may indicate clearly one
of the hepato-protective mechanisms due to ingestion of Nigella Sativa tablets which
is mediated by retrieving of oxidative DNA repair, which ultimately tries to stop the
pro-inflammatory signaling transduction,block the ROS production vicious cycle and
brings improvement in insulin sensitivity.
In the progression of simple steatosis to steatohepatits, ROS plays an important
role to induce mitochondrial dysfunction, trigger lipid per oxidation, stimulate
cytokine release, and activation of stellate cells. This is evident that the mitochondrial
dysfunction is closely associated with increased ROS production which participate in
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a vicious cycle that may leads to worsen the NAFLD [284]. If the enhanced ROS
level persists, the chances of genetic mutation occrence, oxidative DNAdamage and
the formation of cancer increase [286]. To cater for the oxidative damage from ROS
In the mammalian cells at least there are two oxidative defense pathways involved.
They areDNA repair mechanisms (OGG1 and MutY) and enzymatic antioxidant
defense mechanism (such as SOD, catalse).The BER system repairs the majority of
oxidative DNA damages, especially those of the mitochondria. BER is primarily
responsible to repair the mutations due to the ROS production during internal
metabolic processes in order to maintain genome integrity. In the rats mitochondria,
OGG1 is the only glycosylase responsible for theremoval of 8-oxo-G and plays very
essential role in the repaire of mitochondria as compare to nuclear DNA repair [287].
Our results showed that the Nigella sativa, the ultimate insulin sensitizer have
capability to increase the mitochondrial antioxidant defense (Sod2) and DNA repair
(Ogg1 and MutY) system in order to attenuate the oxidative stress. This finding is
consistent with previous similar studies on pioglitazone effects [288]. Our results may
help in providing evidence regarding the retrieval and repairement of mitochondrial
antioxidant defense mechanism by Nigella Sativa tablets may explain on further
research other therapeutic and prophylactic mechanism of Nigella Sativa preparations
for treatment of NAFLD.
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4.3 AD-ON THERAPY EFFECTS OF TABLETS NIGELLA
SATIVA ON FATTY LIVER DISEASE IN HUMANS
Mean percentage improvement in control and treated groups alongwith their pvalues
are shown in Tables 4.7 and 4.8. There was a statistically significant decrease (pvalue<0.05) in serum ALT and AST level in both the groups. In the Nigella sativa
treated group the ALT percentage reduction was almost double as compared to
control group 48% Vs 26.4%(Table 4.7). The ALT enzyme level declined earlier in
the Nigella Sativa tablet group. As a matter of fact reduction in ALT level in both the
studied groups over the time were found significant however, in control group
reduction shape was linear (p-value= 0.005) compared to Nigella sativa group where
exponential decrease was found (p-value= 0.04) (Figure 4.9).

Table 4.7:Mean changes in different clinical and biochemical
parameters
Mean %age improvement

P value

Parameter

Body weight(in kg)

Group I
(n=30)
0.135 + 0.529

Group II
(n=30)
0.643 + 1.153

NS

BMI

0.020+ 1.277

0.049+ 2.343

NS

Abdominal Circumference

0.169+ 0.644

0.525+ 0.984

NS

TC

16.927+ 6.254

26.873+ 6.755

0.001

TG

14.185+ 0.009

12.028+ 0.549

NS

HDL

13.969+ 3.196

15.896+ 5.752

NS

LDL

15.949+ 2.155

23.892+ 7.299

0.013

FBS

18.465+ 6.774

29.240+ 6.096

0.001

PPBG

19.877+ 6.218

23.388+ 8.545

NS

NS: Not significant
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Table 4.8: Changes in LFT’s from baseline to end of
treatment in each group
Parameter
ALT level U/L

Standard group
(n=30)
-12.7+ 26.6 %

Nigella sativa group
(n=30)
-30.6+59.0 %

-8.8+17.2 %

-18.9+33.0 %

-10.7+34.6 %

-22.3+42.2 %

(normal=(5-39))
AST level U/L
(normal=(5.40)
-glutemayltransfarase
level U/L (normal=5-50)
Note: mean change shown+SD

Figure 4.9:Reduction rateof ALT in human model.
On ultrasonography after six weeks treatment there was reversal of fatty liver
in the Nigella Sativa tablets group which was statistically significant (p-value<0.05).
After Nigella therapy 24% of the patients were found of having the normal
echogenecity vs 17.04% patients in the control Group (Figure 4.10).
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Figure 4.10:Reversibility of fatty liver by ultrasound
On therapy completion data regarding each studied group is presented as the % age of
patients with normal hepatic echo pattern. Accepted methods were used for qualitative
identification of fatty liver including loss of intrahepatic architectural details, a bright
hepatic echo pattern, enhanced the attenuation upon ultrasonograph, a nodular
appearance of the liver surface and a homogenous or coarse echo patternWilcoxin
signed-rank test.
Till date, for investigation of various parameters of the fatty liver disease and
metabolic syndrome various animal studies have been carried out, favorable effect of
Nigella Sativa Seed / Oil have been reported by most of the studies. The causative
factor of all the complications in fatty liver disease and metabolic syndrome is obesity
[289]. Three clinical criteria have been chosen in our study for measurement of
obesity, Including body weight, body Mass Index and abdominal circumference. In
the diagnosis and detection of fatty liver, waist circumference meassurement has got
tremendous importance [290]. It has been observed that both insulin resistance and
fatty liver diseaseare highly linked with obesity and overweight. There is high
correlation of abdominal obesity with the metabolic risk factors as compared to
elevated body mass index. Therefore, the simple waist circumference measurement is
recomended in order toidentify the body weight component of the fatty liver disease
cases. In some male patients multiple risk factors may be evolved upon marginally
increased waist circumference i. e 92 to 102cm (37-39 inch). A strong genetic
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disposition to insulin resistance is found in such cases. They can be benefited from
life style mediated changes for maintenance of quality of life similar to individuals
with marginal increase in waist circumference.
In the Nigella Sativa tablets treated patients Group-II abdominal circumference
reduced more as compared to the standard treated Group-I in our study but this
reduction was not significant statistically.
A very important marker of obesity is the BMI [291].Mostly categorically obese
people having BMI >30 kg/m2 have relatively low insulin sensitivity and
postparandial hyperinsulinimia, but even within the obese population variations in
insulin sensitivities exists, depicting a genetic factor to insulin resistance.
In the Nigella Sativa tablet treated patients Group-II with reference to body
mass index beneficial results have been achieved. Reduction in BMI was also higher
in the Nigella Sativa tablets treated Group-II as compared to control treated Group-I
but the difference in reduction was not found significant statistically.
Body weight is another very important component of fatty Liver disease. In the
Nigalla Sativa tablets treated Group-II body weight was reduced more as compared to
the the control Group-I but the difference in reduction was not significant.
Other very important parameters for fatty liver and metabolic syndrome
detection and diagnosis are fasting and postprandial blood sugar [292].In patient with
diabetes mellitus Type-2 improved glyceamic controls [292] has been shown to
significantly diminish micro vascular complications risks.The reason being for
inclusion of these criteria in most of the definition of Fatty Liver. In our study for the
diagnosis of metabolic syndrome and fatty liver the cut-off point for blood glucose
fasting was 110 mg% which is in accordance to ATP III criteria [293].
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In the Nigella Sativa tablets treated Group-II,the reduction in fasting glycemic
level was found significantly higher (p-value=0.0001) as compared to control
treatment Group-II.Post parandial blood sugar control is also an important parameter
in glyceamic patients. In the Nigella Sativa tablets treated Group-II postparadial blood
sugar percentage reduction was also greater as compare the to control treatment
Group-I but this difference was not found significant statistically.
In our study, in the Nigella Sativa tablets treated Group-II the reduction in total
cholesterol was comparatively higher and was found significant (p-value=0.0001) as
compared to the control treated Group-I. The cholesterol lowering effect of oil and
seeds of Nigella sativa has been also reported by previous studies [294,295].
The Cut-off range for triglyceride (TG) was 150 mg% in our study in
accordance to ATP III criteria. In the Nigella Sativa tablets treated Group-II reduction
in triglyceride was less as compared to control treated Group-I. Previous studies
[296,297] have also reported about Nigella sativa oil and seeds having no significant
effect on triglyceride (TG) level.
The cut-off point according to our study was 50 mg% for HDL cholesterol. This
was taken for the purpose of simplicity, although variation occurs in different genders.
In the Nigella Sativa tablets treated Group-II the raise in HDL cholesterol was found
more as compared to the standard treated Group-I but the difference in percentage
improvements was not found as statistically significant. Variable results have been
reported regarding Nigella sativa Oil / seeds effect on HDL level. Some studies [298]
reported that Nigella sativa had no effect on HDL-c cholesterol level while others
[299] reported increase in HDL-c level.
Serum LDL-c Level reducion was more in the Nigella Sativatablet treated
Group-II in contrast to the control treated Group-I and this reduction was also found
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as statistically significant (p-value= 0.013). In different animal studies on the subject
matter similar results have been reported by previous researchers [300-302].
Interestingly in our study, a more prominent reduction in serum ALT and a
greater degree of reversibility of Fatty liver by ultrasound was shown by the patients
who received Nigella sativa tablets. ALT level declined in a way that was very similar
to insulin and Homeostasis model assessment. An association has been shown by a
prospective study between decreased hepatic insulin sensitivity with increased ALT
levels, which is expressed as increased incidence of diabetes Type-2[303]due to
accelerated glucose output.
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NAFLD the accumulation of ectopic fat in the liver region with possible progression
to NASH and at time to liver cirrhosis is clearly associated with obesity and insulin
resistance. NAFLD and NASH pravelence is higher than estimated previously among
the cohort of middle age patients. This increased level is significant and of great
public health concern. Although all sub ethnic groups are affected, insulin sensitively
varies among patients, Pathans and Patients with diabetes are at high risk for fatty
liver disease including both NAFLD and NASH.
In this part of our study in conclusion, the study showed that high fructose diet
co-feeding for 06 weeks resulted in the development of fatty liver in aged rats with
appearance of cellular and vascular degenerative changes. There was significant
increase in oxidative DNA damage and oxidative stress in steatotic livers of rats
model fed with fructose enriched diet. The Nigella sativa crushed tablets co-feeding
with fructose enriched diet conferred safety from visceral adiposity, insulin resistance,
hyperlipidemia, inflammation and corrected LFTs level in fatty liver disease in
rats.The oxidative DNA damage induced by fructose enriched diet can be attenuated
by Nigella Sativa treatment through up-regulation of the antioxidant defense and
oxidative DNA repair genes (Sod1, Sod2, Ogg1 and MutY). The utilization of Nigella
sativa tablets could be beneficial for elderly people particularly those who cannot
engage in other prophylactic or therapeutic regimens.
In the 3rd part of our study, too beneficial effect has been notedwhile giving
Nigella Sativa tablets as ad-on therapy in case of LDL-c chlesterol, Fasting blood
glucose, and total cholesterol. More work is needed for determination of various
mechanism of action on various components of fatty liver Disease and metabolic
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syndrome. Nigella Sativa tablets can be proved as a most cost effective and potent
remedy in the case of fatty liver and metabolic syndrome prevention and treatment.
FUTURE PROSPECTIVE
In future prospective, it is imperative to prospectively define the prevalence of
NAFLD and NASH in selected population while using various diagnostic tools, will
highlight the importance of this issue for public health policy makers, health care
providers and general public awareness. This can save many precious lives by timely
diagnosing and treatment. It is further suggested that such studies should be further
extended while using modern diagnostic tools like CT scan, Fibro scan etc in order to
properly highlight the matter for public health policy makers and general awareness of
public, which will help in improved quality of life and prolonged life expectancy of
humens.
To know the effects of the crushed tablets Nigella Sativa on fatty liver disease
in animal model and add-on therapy in humans will open new doors in alternative
medicines to treat fatty liver disease. This can be proved as a cost effective, safe,
easily available and rational therapy in future. By promoting local natural products
like tablets Nigella Sativa not only precious foreign exchange can be saved but this
will also contribute in country export and ultimately national economy. Futher work
on various other clinical and biochemical parameters of metabolic syndrome is
suggested; also its formulation on modern scientific bases will improve the quality
and efficacy of the product and will prove as an new therapeutic addition in
neutroceuticals.
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