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1. Introduction

The liver contributes about 2-3% of the total bedsight, thus it is considered
the largest organ in the body. It also represertiseanically reactant pool of cells that
have a high rate of metabolism, sharing substrates energy from one metabolic
system to another, processing and synthesizingpteukubstances that are transported
to other tissues and perform numerous other matatuwictions (65).

The primary cell type of the liver that forms tlnel lobules is the hepatocyte,
which is also known as the hepatic parenchymas cellépatocytes accounts for 80% of
the liver volume, but are also account for only 66f4he total number of cells in the
liver. The other 40% of the cells are the hepaticgarenchymal cells that consist of the
endothelial cells, Kupffer cells, hepatic stellatdls, and intrahepatic lymphocytes that
include pit cells (liver-specific natural killer k® (65). In this thesis, hepatocytes are
regarded as liver cells, as they are the centradtion for the body’s intermediary
metabolism. As hepatocytes are particularly richendoplasmic reticulum, and they
carry out the many functions of the liver, moreotregir cytoplasm stores granules of

insoluble glycogen and triglycerides (94).

1. Liver function

The liver performs many different functions, and nyeof these functions
interrelate with one another. This becomes espg@uaident in case of abnormalities in
the liver, because many of its functions are disdrsimultaneously. Some of liver
functions include filtration and storage of bloaghtake of nutrients via the portal vein,
biosynthesis of endogenous compounds, their stomeersion and degradation into
excretable molecules (metabolism), supply the baith metabolites and nutrients,
biosynthesis and degradation of almost all plasrméems and coagulation factors, and
formation of bile (65, 94).

Steroid hormones, bilirubin, as well as drugs, ethaand other xenobiotics are
taken up by liver cells, then inactivated and cotaceinto polar metabolites in order to
detoxify and/or excrete them into the bile or urilreaddition, liver temporarily stores
energy reserves and nutrients for the body. Alsovamious liver cells (such as
hepatocytes and hepatic stellate cells) certaireralrsubstances, trace elements, iron

and vitamins including: retinol, vitamin A, D, Kglic acid, and B, are stored (94).
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1.1. Liver buffering function

The liver is uniquely situated to process and itiste dietary nutrients, because
the venous drainage of the gut and pancreas p#assmaggh the hepatic portal vein
before entry into the general circulation. Thuseraé meal, the liver is bathed in blood
containing absorbed nutrients and elevated leveiasulin secreted by the pancreas.
During this post-absorptive period, the liver takgs carbohydrates, lipids, and most
amino acids. These nutrients are then metaboligeded, or routed to other tissues
(25).

All of the body’s tissues must have a constant irequent for energy substrates
and nutrients. Although, the body receives thestalbadites with food, this supply is
irregular and in varying amounts. The liver actgehalong with other organs,
particularly adipose tissue, as a buffer and se@gan. Its functions primarily serve to
cushion fluctuations in the concentration of nuttrisubstances in the blood, in order to
ensure a constant supply to the peripheral tisgheseostasis) (94). Furthermore,
hepatic injury is usually associated with markestattion of these nutritional status and
metabolic functions (26).

In the metabolism of nutrients, a distinction isdadetween the absorptive state
(Fed state) immediately after a meal, the postigitise state (Early Fasting state and
Fasting state) which starts later, and the switicthe organ metabolism between the
these phases depends on the concentration of ebeagyng metabolites in the blood
(94). A major goal of the many biochemical alteva$i in these periods is to maintain
glucose homeostasis, or in other words a constludiglucose level. A normal
functioning liver regulates blood glucose levefsaddition it synthesizes and exports of
cholesterol and triglycerides, detoxifies ammorfieotigh urea cycle, forms ketone
bodies, synthesizes nucleotide, glycoproteins,eogiyycans and blood proteins, and
generates reduced nicotinamide adenine dinuclegtidesphate (NADPH) and five-

carbon sugars through pentose phosphate pathway (57

1.1.1. The Fed state
This state continues for 2-4 hours after food iataBecause of food digestion,
the plasma levels of glucose, amino acids, antytegides temporarily increase (94).
Figure 1 shows the fate of glucose, amino acidd, fah obtained from food.
Glucose passes via portal vein to the liver. Amacals are partially metabolized in the

gut before being released into portal blood. Chytooms containing triglycerides are
2
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secreted by the intestinal epithelial cells intenphatics, and then they enter the
thoracic duct, which delivers the chylomicrons eibdavian vein and thence to the rest
of the body (68).
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During this post-absorptive period, virtually aiésues use glucose as a fuel

Muscle tissue

(25). Much of the dietary glucose passes througHitter to reach other organs, but the
liver can also convert excess dietary glucose gihyoogen or into pyruvate and lactate,
or it can be used in the pentose phosphate patfovayADPH generation. Pyruvate
can be oxidized into acetyl Coenzyme A (acetyl Goaich can be converted into
triglycerides or oxidized into COand water (68). In this well-fed state, the liuses
glucose and does not engage in gluconeogenesis, ttleis conversion of lactate

(produced in peripheral tissue) to glucose is rafged in this state (68).
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Liver removes some absorbed amino acids from pdaitadd, but most pass
through. Moreover, liver metabolizes amino acidyy avhen they are present in high
concentration inside the cell. Such excess amimtsaman be oxidized completely to
carbon dioxide (C@), urea, and water, or converted into other inteliates that can be
used for lipogenesis. Amino acids that escapeitlee &re used for protein synthesis or
energy in other tissue (68).

Dietary triglyceride reaches the bloodstream asochigrons, which hydrolyzed
by lipoprotein lipase attached to the surface afoginelial cells in the lumen of the
capillaries of various tissues, especially adiptiseue. The liver uptake the remnant
chylomicrons, and hydrolyze them by lysosomal lgpakhe released fatty acids are re-
esterified in hepatocytes and packed into very d@nsity lipoproteins (VLDL) and
secreted into the blood (68).

1.1.2. The Early Fasting state
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In this state, blood glucose level begins to drepesal hours after a meal,
leading to a decrease in insulin secretion andein glucagon secretion. As shown in
Figure 2, hepatic glycogenolysis maintains bloagcgke during early fasting. Lactate
and pyruvate, and alanine are diverted from oxatlatnd fatty acid synthesis into
glucose formation, completing Cori cycle. The at@nicycle, in which carbon and
nitrogen returns to the liver in the form of alamialso becomes important (68).

Liver does not use the released glucose, but sfpfiie other tissues with it. In
particular, the brain, adrenal gland medulla, angheocytes depend on a constant

supply of glucose, as they have no substantiabgkiceserves themselves (94).

1.1.3. The Fasting state

Since no dietary fuel enters from the gut andeliflycogen is left in the liver
after 10-12 hours of fasting state, the body isedelent on hepatic gluconeogenesis,
primarily from pyruvate, lactate, glycerol, and Alae as shown in Figure 3. The brain
oxidizes glucose completely to G@nd water, hence net glucose synthesis from some
other source of carbon is mandatory in fastingtyFatids cannot be used for glucose
synthesis, but glycerol can be used. However, proéspecially from skeletal muscle,
supplies most of the carbon needed for net glusgathesis (68). As proteins are not
stored, and so any breakdown will necessitate & ¢dsfunction, the body tends to
preserve protein by shifting the fuel being usernfrglucose to fatty acids and ketone
bodies (25).

Because of low blood insulin levels during fastitigolysis is greatly activated
in adipose tissue, raising the blood level of fattyds, which are used in preference to
glucose by many tissues. In liver, fatty acid okmia provides most of the adenosine
triphosphate (ATP) needed for gluconeogenesis. Hreyconverted to ketone bodies
(acetoacetate ang-hydroxybutyrate) by liver mitochondria. Then, thaye released
into the blood and are a source of energy for m#sgues. Once their blood
concentration is high enough, ketone bodies eheibtain and serve as an alternative
fuel. However, they cannot replace completely th&ins need for glucose. Ketone
bodies suppress proteolysis and branched-chainoaatids oxidation in muscle and
decrease alanine release (68).

The working relationship between liver, muscle, adgose tissue in providing

glucose for the brain are shown in Figure 3. Lisynthesizes the glucose, muscle and
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gut supply the substrate (alanine), and adiposedisupplies the ATP (via fatty acid
oxidation in the liver) needed for hepatic glucogemesis (68).
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1.2 Liver effect on some dietary parameters

1.2.1. The body weight

Body weight may be considered as a simple paraniktgrshows the body
physiological function, such as liver. It was neticthat patients suffering from liver
dysfunction may manifest complications such as exiar weight loss, weakness, and
fatigue. As the liver has a central role in nubricdl homeostasis, any liver disease leads
to abnormalities in nutrient metabolism and subsatgmalnutrition. In addition, other
reasons for malnutrition may be anorexia, diminisf@od intake, fat malabsorption,

impaired intestinal absorption, and/or abnormatiants metabolism and storage (15).
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1.2.2. Serum glucose level

One of the primary functions of the liver is to main blood glucose
concentrations within the normal range. Dietary boadrates are digested to
monosaccharides, which are absorbed into the bldbd.liver removes most of the
glucose from the blood and all of the other monolsaddes (galactose and fructose),
where they are converted into glucose (65). Livas the greatest number of ways to
utilize glucose. Liver uptake of glucose occursejpeindently of insulin by means of
glucose transporter -2 (GLUT2) (68). Liver is notipa glucose-producing rather than
a glucose-consuming tissue, that is why a littleglofcose is used to meet liver own
energy needs (25).

The absorbed glucose is transported into hepatwageaylucose 6-phosphate by
hexokinase and the liver-specific glucokinase (68). Glucose 6-phosphate can be
stored as glycogen, or converted back to glucosechareleased back to blood, by
glucose 6-phosphatase which found in the lumen rafoplasmic reticulum (68).
Alternatively, glucose 6-phosphate is oxidized youpate, then to acetyl CoA, in the
pathway of glycolysis. The acetyl group enters thearboxylic acid (TCA) cycle,
where it is completely oxidized to G@nd water. Energy from this oxidative reaction is
used to generate ATP (65).

Glucose 6-phospate is also used by pentose phesghathway for the
production of NADPH, which is needed for reductsynthesis de novo synthesis of
fatty acids, and cholesterol), maintenance of reduglutathione (GSH), a numerous
reactions catalyzed by endoplasmic reticulum enzwystem. A vital function of
pentose phosphate pathway is the provision of elpdgsphate for the synthesis of the
sugar moiety of nucleotides such as ATP and thosieoxyribonucleic acid (DNA) and
ribonucleic acid (RNA) (25, 68).

Glucose 6-phosphate is also used in the glucouracid pathway, which is
important in drug and bilirubin detoxification. THeer also converts three-carbon
precursors (lactate, pyruvate, glycerol, and animto glucose by the process of
gluconeogenesis to meet the needs of the otherared the brain (57, 68, 94).

The blood glucose level is increased pathologicallycases of diabetes,
pancreatitis, some hepatic diseases, obesitysstaiesl some CNS lesions. In addition,
the level rises due to increase in circulatory ephrine, or due to effect of drugs like

alcohol, phenytoin, and steroids. On the other hdredblood glucose level decreases in

v
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endocrine disorders, insulin overproduction, hyguaiidism, extrapancreatic tumors,

hepatic diseases, pediatric abnormalities, enzyseases, and malnutrition (117).

1.2.3. Serum protein level

Protein undergo constant turnover; they are cotigtdneing synthesized and
degraded, as the body cannot store protein inghesvay as glycogen or triglycerides
(25). The amino acids released by protein breakdentar the same pool of free amino
acids in the blood as the amino acids from the dieése free amino acids can be used
by all cells for protein synthesis or for biosyrglseof other compounds. As hepatocyte
has a well-developed endoplasmic reticulum, Goygteam, and cellular cytoskeleton,
all of which function in the synthesis, processiaggd secretion of proteins, liver uses
the amino acids absorbed from the blood for theresis of various proteins (162).

The body cannot dispense with the liver's contidouto protein metabolism for
more than a few days without death ensuing. Thet mgsortant functions of the liver
in protein metabolism include deamination of amauids, removal of ammonia from
the body fluids in form of urea. In addition, itrfies plasma proteins and the clotting
factors, inter-convert of the various amino acidsms nonessential amino acids, and
syntheses other compounds from amino acids such hesie, hormones,
neurotransmitters, and purine and pyrimidine bé8s162).

Plasma protein depletion causes rapid mitosis ehtpatic cells and growth of
the liver to a larger size; these effects are adiplith rapid output of plasma proteins
until the plasma concentration returns to normal).(&uch decrease in blood protein
levels may be due to poor nutrition, malabsorptidiarrhea, or severe burns, while
increase in proteins levels are seen in patholbgicadition e.g. lupus, hepatitis
disease, chronic infections, alcoholism, leukenaiag tuberculosis. In case of liver
cirrhosis, protein levels in the blood are alsoucsdt, as liver protein synthesis is
reduced (162).

The most abundant plasma protein produced by the Is albumin, which
represents 40 to 60% of the total plasma protelburin serves as a carrier for a large
number of hydrophobic compounds, such as fattysaa@teroids, hydrophobic amino
acids, vitamins, and pharmacologic agents. It $® an important osmotic regulator in
the maintenance of normal plasma osmotic presglbeimin is synthesized but it is

not stored in the liver, thus it is used as a mad€ehepatic synthetic function (94).

8
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Increased albumin level is caused either by deligarashock, or by dehydration.
Albumin level decreased in cases of sever protess (e.g. nephrotic syndrome, burns,
protein losing enteropathy), increased albumin duen (e.g. catabolic states,
glucocorticoids administration), decreased proiatake (e.g. malnutrition, very low
protein diets), alterations in plasma oncotic puesge.g. hypergammaglobulinemia),
and liver diseases. Although, plasma albumin idsaldecreased in acute hepatitis, due
to its long half-life (20 days), but with the pregsion of liver disease serum albumin
level falls reflecting decreased synthesis, howeéwehe presence of ascites may also
reflect albumin dilution (65).

Among other important functions, liver has the iapito synthesize certain
amino acids and other important chemical compodraia amino acids. For instance,
the nonessential amino acids can all be synthesiztied liver through several stages of
aminotransferation. Therefore, aminotransferaseyreas are abundant in the liver,

such as alanine aminotransferases (ALT) and aspamainotransferases (AST) (65).

1.2.4. Serum lipid profile

The liver plays a central role in the regulationlipid metabolism. When fuels
are abundant, fatty acids derived from the dietymthesized by the liver are esterified
into triglycerides and secreted into the bloodhe form of VLDL. However, in the
fasting state, the liver converts fatty acids irketone bodies, and then they are
subsequently oxidized for energy or used in bidsstit pathways (25, 162). The liver
also synthesizes cholesterol, which is transpottedther tissues as a component of
lipoproteins, and excess cholesterol is conveméa bile acids in the liver or directly
excreted with the bile (94).

Although most cells of the body metabolize lipidgrtain aspects of there
metabolism occur mainly in the liver, such as betalation of fatty acids and synthesis
of phospholipids and most lipoproteins. To deriveergy from fatty acids; they are
broken-down by beta-oxidationo form acetyl-CoA, which can take place in
mitochondria, such reaction occurs in the hepagitscThe excess of hepatic acetyl-
CoA is converted into ketone bodies that are traried throughout the body to be
absorbed by other tissues. These tissues recaineedcetoacetic acid into acetyl-CoA,

and then oxidize it in the TCA cycle to liberatertrendous amounts of energy (65).
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Ninety percent of the dietary intake and 95% offeiéy acids stored in tissues
are triglycerides. Increased triglycerides levelaynbe present in arthrosclerosis,
hypothyroidism, liver diseases, pancreatitis, mydied infarction, metabolic disorders,
toxemia, and nephrotic syndrome. Decreased trigljee levels may be present in
chronic obstructive pulmonary disease, brain irtfan; hyperthyroidism, malnutrition,

and malabsorption (162).

Cholesterol is a structural component of cell meanbrand plasma lipoproteins,
and is important in the synthesis of steroid horesprglucocorticoids, and bile acids.
Some of cholesterol is absorbed through the dtuielver mostly is synthesized in the
liver. The amount of cholesterol from dietary s@sr@nd hepatic synthesis is under
close hepatic homeostatic control. About 80% ofdhelesterol synthesized in the liver
is converted into bile salts; the remainder isspmted together with phospholipids by
the lipoproteins to the tissue cells, as both aeduby the cells to form membranes,
intracellular structures, and multiple chemical sahces that are important to cellular
function (65).

Low levels of cholesterol are seen in malnutritidiyer insufficiency,
malignancies, anemia, and infection. A high dietatgke and intestinal absorption of
cholesterol will reduce the rate of hepatic ch@estsynthesis, in this case the liver
acts as a recycling depot for sending excess glietaslesterol to the peripheral tissue

when needed as well as accepting cholesterol fr@settissues when required (162).

Lipoproteins, which are essential in lipid bloodrtsportation, are classified into
five groups. In order of decreasing size and irgirgpdensity, these are chylomicrons,
VLDL, IDL (intermediate-density lipoprotein), LDLIdw-density lipoprotein), and
HDL (high-density lipoprotein). The classes of lpoteins differ not only in their
composition, but also in the ways in which theygorate and function. The
chylomicrons transport triglycerides from the inites to the tissues; they are formed in
the intestinal mucosa then removed from the blopthk liver. VLDL, IDL, and LDL
are closely related to one another. VLDL formedhia liver to transport triglycerides,
cholesterol, and phospholipids to other tissues they are gradually converted into
IDL and LDL under the influence of lipoprotein lg@aon cells membrane (162).

HDL originates in the liver to transport excess lekterol obtained from
peripheral tissues to the liver, and to exchangdeprs and lipids with chylomicrons

and VLDL (2). A high level of HDL is an indicatioof a healthy metabolic system, if
10
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there is no sign of liver disease or intoxicatiés. HDL metabolism may be abnormal
in chronic liver disease. The HDRL(more antiatherosclerotic): HBL (less

antiatherosclerotic) ratio is usually elevated imrhosis, because hepatic lipases
enzyme may be deficient or reduced in activity. Shehanges may result in an overall

increase in serum total HDL levels (162).

1.3. Liver impairment

Diseases of the liver can be clinically and biocluafty devastating, because no
other organ can compensate for the loss of theitomldt of functions that liver normally
performs. Liver impairment is usually evident bgwted plasma levels of the hepatic
enzymes ALT, AST and gamma glutamyltransferase (G@tie to hepatocyte injury
with a consequent release of these enzymes intbltiogl), jaundice (an accumulation
of bilirubin in the blood caused by inefficientibibin conjugation by the hepatocytes),
increased blood clotting times (hepatocyte hadgcditfy producing clotting factors).
Also, it may be evident by edema (due to reducédmin synthesis by hepatocytes
leads to a reduction in osmotic pressure of thed)oand hepatic encephalopathy
(reduced urea cycle activity in hepatocytes leadexcessive levels of ammonia and
other toxic compounds in the central nervous sys{@eR).

Hepatocytes are well protected against chemicalrynjpy high levels of
cytoprotective agents, such as GSH and high lewélaintioxidant enzymes, e.g.
glutathione peroxidase, superoxide dismutase. thtiad, other mechanisms help in
protecting and restoring liver function such asghecise regulation of liver growth and
functional mass (192).

Hepatic injury or impairment usually involves fulaet and structure, as well as
a diminished capacity to respond to toxic stresanyof these toxic effects result from
macromolecular damage, which is irreversible, ext@mpDNA alteration, up to a point,
and with sustainable levels of hepatocellular pjwompensatory proliferation occurs
(192). Although hepatocytes are normally quiescetis with low turnover and a long
life span, hepatocytes can be stimulated to grosarhage occurs to other cells in the
liver. The liver mass has a relatively constantoeisgion to the total body mass in
adults; deviation from the normal or optimal rafidue to partial hepatectomy or
significant hepatic cell death or injury) is rapidiorrected by hepatic growth. In other
words, a proportional rapid increase in hepatocgfication, as long as the injury is

11
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uncomplicated by viral infection or inflammation6l, 154), and after the original size
and volume of the liver are achieved, the hepa&scyevert to their usual quiescent
state (65).

In addition, the nature of hepatocytes as interatedproliferating cells, and
their frequency of proliferation are extremely logflected by a low rate of cell death
through apoptosis, enable hepatocytes to avoidisuBINA damage in the vulnerable
S-phase of DNA replication. This renders hepatacyderant to levels of DNA damage
that are lethal to other cell types, in additioapatocytes are well equipped with DNA
repair systems (192).

From previously mentioned data, the liver is usueltposed to many potential
harmful agents that in normal situations do not agenthe liver cells due to the
protective mechanisms and the large repair capatityese cells. However, during
acute and chronic liver diseases, hepatocytesxga@sed to increased levels of harmful
stress results in disturbed liver function. As anber of diseases can progress into
hepatic fibrosis and cirrhosis, liver function bees inadequate for life when these
become greater than cell tolerance (154).

Acute viral hepatitis is characterized by inflamorgtcells infiltration, necrosis,
hepatocellular degeneration, and regenerationart lze developed in a short period
because of viral hepatitis, drug-induced (e.g.,taaneophen overdose) or toxin-
induced (e.g., mushroom derived alpha-Amanitin)idibx Chronic hepatic injury
occurs in response to a variety of insults, inalgdong-term exposure to viral hepatitis,
alcohol abuse, drugs or chemicals, metabolic deseas/olving an overload of iron or
copper, autoimmune diseases, or congenital abniiesgP5, 163).

Regardless of the insulting agent of the hepasoie the liver will apparently
react in five ways: necrosis, degeneration, inflatiom, regeneration, and fibrosis.
Necrosis may follow practically any lesion whereagpes are significant. However,
before it becomes characteristically necrotic, bhepdes may become swollen and
edematous, with irregularly compact cytoplasm (degated). Hepatocytes
inflammation is caused by the afflux of inflammatocells to portal-spaces or
parenchyma. Regeneration may take place and Idevisy the thickening of hepatocyte
cords or their proliferation, and certain disorgation of the parenchyma structure.
Fibrosis occurs through increased collagen deposishould fibrosis persists liver will

be divided into regenerating hepatocytes nodulesosnded by scarring tissue
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(cirrhosis) (143). However, apoptosis can be adddtiese signs, as it may also appear
together with necrosis during liver injury, as Kigsfcells, leukocytes and lymphocytes
are activated, producing pro-inflammatory cytokinmsd reactive oxygen species,

which cause apoptotic and necrotic cell death paterytes (95).

1.4. Liver cell death pathways

Hepatocyte cell death occurs in both acute andnetiliver diseases, moreover
these hepatocellular injuries can progress to eéheptosis or necrosis. In addition, the
characteristic features of both necrotic and apapte®ll death can occur in the same
tissue and even in the same cell simultaneousiy)(IBherefore, to understand the
hepatocellular injury in any experimental modelthbgparameters of necrosis and
apoptosis should be investigated.

During apoptotic cell death (or programmed cell tdgawhich is ATP
dependent and develops more orderly, the followdagcade of events occur: DNA
condensation, nuclear fragmentation, plasma merebbardding and cell shrinkage.
Eventually, the apoptotic cell breaks into smalinmbeane-surrounded fragments called
apoptotic bodies (as shown in Figure 4), whichceared by surrounding neighboring
cells and mononuclear cells. In addition, the plegio cells were reported to secrete
cytokines that inhibit inflammation (95).

On the contrary, necrosis is defined by the loss ptdsma membrane
permeability barrier, resulting in cell cytolysi®5). It can result from metabolic
disruption with energy depletion (loss of ATP), ocihondrial and cellular swelling,
and/or activation of degradative enzymes, whiclseaell lysis followed by loss of cell
constituents into its surroundings (as shown inufég4). Thus, necrosis is usually
accompanied by inflammation (154). Figure 4 shotes morphological differences
between necrosis and apoptosis.

Necrosis and apoptosis pathways may sometimescioss. When the cell
undergo apoptosis may exhaust cellular ATP leval$ then progress to secondary
necrosis characterized by cell swelling and ly8is.the other hand, if the necrotic cell
death mechanism is inhibited, the stress may eaéinttorce the cell into apoptosis.
Furthermore, an insult affecting only a few mitoostloba would be resolved by
autophagy of the damaged cell organelles. If itoimes more mitochondria, which
release enough cytochrome c to activate the cagjaasade, and if the remaining intact
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mitochondria maintain the cellular ATP levels, tlell will undergo apoptosis.
However, if the insult is too severe, cellular AlERels are not maintained and the cell
will die by oncotic necrosis (80).

Apoptosis
{cell shrinks, chromatin condenses) are phagozytosed,

Viable /;® =
Cell |

Necrosis AL Cellular and nuclear

{cell swells) Cell becomes leaky, lysis causes inflam-
blebbing mation

Figure 4: The differences between necrosis and apimsis (56).

1.4.1. Necrotic hepatocytes death

Necrosis represents an uncontrolled destructiothefcell in response to an
external stimulus injury, which result in cellulanoxia and eventual disruption of the
plasma membrane with loss of cell contents intcstireounding environment, as shown
in Figure 4. This cell necrotic injury is mediateg the interference with the energy
supply of the cell, and/or direct damage to celhtheanes (41). During hepatocellular
damage, varieties of enzymes normally located endyioplasm are released into the
blood flow, such as aminotransferases, GGT andiaékphosphatase, as the integrity
of the hepatocytes membrane diminishes. Their dfiation in plasma is a useful
biomarker of the extent and type of hepatocelldeEmage (136).

In 1989, a panel of 12 European and American eggdeytconsensus defined
liver injury by an increase of more than twice thgper limit of the normal range in the
levels of serum ALT, or conjugated bilirubin. Oretbther hand, a combined increase in
the levels of AST, alkaline phosphatase, and totalbin more than twice the upper

limit of the normal range also indicate liver injuf4l). Elevations in serum enzyme
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levels (ALT and AST) were taken as indicators ofpdtecellular, and alkaline

phosphatase for cholestatic liver injury (127).

1.4.1.1. Serumaminotransferases levels

Aminotransferases are localized abundantly in loEyags, reflecting their role
in oxidative phosphorylation and gluconeogenesigylparticipate in gluconeogenesis
by catalyzing the transfer of amino groups fromaatgie or alanine ta-ketoglutaric
acid to produce oxaloacetate and pyruvate resmdgtias shown in Figure 5), which

are important contributors to the TCA cycle (111).

citrate
acetyl-CoA i oxaloacetate
L(co2
pyruvate -
phosphoenolpyruvate
pyruvate
co, \\coz
aspartate oxaloacetate alanine
2-oxoglutarate glutamate  glutamate 2-oxoglutarate g
NHa_"_—""
glutamine

Figure 5: Alanine (ALT) and aspartate (AST) aminotransferases

biochemical reactions(47).

Aminotransferases blood serum activities presumahbyrease because of
cellular membrane damage or leakage. The highestarses are observed with acute
hepatocellular injuries, caused by xenobioticsaute viral hepatitis, while cholestasis,
alcoholic or chronic liver disease cause slighteases. The degree of increase in ALT
activity correlates with the number of hepatocytamaged, but ALT may also increase
following release from hepatocytes during liveraie13). ALT is highly specific for
the liver cell damage, whereas AST is located werlicells and in the heart, brain,
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kidney and skeletal muscle, making this enzyme $gesific for liver injury. AST and
ALT activity in liver are about 7000 and 3000 tim&rum activities, respectively. As
ALT is exclusively cytoplasmic enzyme, while ASTufad in both mitochondrial and
cytoplasmic forms (13).

ALT was reported to be the more sensitive testaatea and obstructive liver
diseases, whereas AST was more sensitive in chesanfiltrative lesions. The ratio
AST/ALT helps in identifying certain etiologic fams causing hepatitis. In most types
of liver disease, AST/ALT ratio is usually lesstthhO in adult patients with acute and
chronic (non-alcoholic) hepatitis, whereas, AST/ALAtio of two is characteristic of
severe ischemic hepatic injury, severe hepatotdsug injury, or alcoholic hepatitis. In
alcoholic patients, pyridoxine deficiency is commthrat cause a decrease in ALT
activity, and alcohol induces release of mitoch@dhST from cells without visible
cell damage (73).

Aminotransferases are parameters of hepatocyte giaarad turnover. It can be
anticipated that the release of aminotransferaseslates quantitatively with the extent
and type of cell death and/or its turnover. Morep®s the release of aminotransferases
was lower from apoptotic cells than from necrotalls; and patients with normal
aminotransferases levels had a significantly reduoepatocellular proliferation rate
compared with patients with elevated aminotransksa It could explain the
progression of liver diseases in asymptomatic ptiwith hepatitis C (HCV) infection
and normal values of aminotransferases follow agaptell death (135). In addition, in

patients with elevated aminotransferases, necoygiscome apoptotic cell death.

1.4.1.2. Serum gamma-glutamyltransferase level

Although GGT, a membrane bound enzyme, is presehver, proximal renal
tubule, pancreas, and intestine, however GGT &gtimi serum comes primarily from
the liver. Most of GGT is located in cell membranebere its function is to transport
amino acids and peptides into the cell acrossmoethbranes. GGT catalyzes both the
transfer of gamma-glutamyl groups from peptideartono acids and catalyzes the first
step in the degradation of extracellular GSH. Tliysovides cells with a means for the
recovery of cysteine, whose adequate supply igaritor protein synthesis artd novo
synthesis of intracellular GSH. In addition, theta®lism of extracellular GSH can
affect other cellular functions by modulating theidability of glutamic acid, which is

critical for the growth of normal as well as neaia cells (141).
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Usually, the increase in GGT levels in patientshwehronic liver disease is
associated with bile duct damage and fibrosis (B/7addition, GGT is increased in 80-
95% of patients with any form of acute hepatitiorbbver, the enzyme is inducible by
chronic alcohol use and by drugs such as phenyRgviously, the primary utility of
monitoring serum GGT is in the exclusion of bongedise as a cause of increased serum
alkaline phosphatase, a condition that does necftGT concentrations. Nowadays,
measuring GGT is most useful in patients at riskivir disease, especially due to
alcoholism. The half-life of GGT in humans is ab@Qtdays; but in alcohol-associated
liver injury the half-life increases to as much2&sdays, suggesting impaired clearance
(111).

1.4.2. Apoptosis hepatocytes death

Apoptosis is a controlled active process that mayiritiated from within the
cell (intrinsic) or in response to a variety of @dellular stimuli (extrinsic). Sometimes,
these two apoptotic pathways are closely interdlat mitochondrial pathway, as
extrinsic pathway occasionally require mitochonldpathway to amplify the relatively
weak death receptor-induced apoptotic signal (1B8).additional pathway has been
presented that involves cytotoxic T lymphocytes (E@ell mediated cytotoxicity with
perforin-granzyme-dependent killing mechanism (4E)gure 6 shows the three
apoptotic pathways: intrinsic, extrinsic and parifgranzymemediated pathways.

The extrinsic, or death receptor-mediated pathwagoptotic pathway is
initiated by the activation of membrane-bound deatteptors by specific ligands such
as tumor necrosis factor+eceptors and Fas ligand. In T-cell mediated oydotty,
CTLs are able to kill target cells via the Fas fidaFas receptor interaction (41, 46).
The intrinsic mediated signaling, pathway invohegliverse array of non-receptor-
mediated stimuli that produce intracellular sigrthist act directly on targets within the
cell. This intrinsic signaling can be stimulatedthg absence of certain growth factors,
hormones and cytokines, DNA damage by radiatioringy hypoxia, hyperthermia,
viral infections and free radicals. The resultingess leads to mitochondrial inner
membrane damage, or cellular ATP depletion thatozaurse mitochondria dysfunction,
increasing in mitochondrial permeability transiti@ytochrome c release and activation
of caspases cascade (41, 46, 152).

The extrinsic, intrinsic, and CTLs pathways jointbe same execution pathway.

This execution pathway, which is initiated by theawage of caspase-3, results in DNA
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fragmentation, cytoskeleton degradation, formatdrapoptotic bodies, expression of
ligands for phagocytic cell receptors and at thd aptake by phagocytic cells (41,
Figure 6).

Extrinsic Pathway Intrinsic Pathway Perforin/Granzyme
radiation, toxins, hypodia, etc. Pathway
* Cytotaxic T cells

f

death ligand —e_
death receptor
‘f i perforin
adaptors mitochondrial changes (MPT) / \i
granzyme B granzyme A
disc formation apoptosome forms i

caspase 8 activation caspase 9 activation caspase 10  SET complex
\ t / activation ¢

caspase 3 activation
(Execution Pathway) DNA cleavage
'

endonuclease activation — degradation of chromosomal DNA
protease activation — degradation of nuclear and cytoskeletal proteins — cytoskeletal reorganization
}
cytomorpholegical changes:
chromatin and cytoplasmic condensation, nuclear fragmentation, etc.

formation of apoptotic bodies

Figure 6: The three apoptotic pathways: intrinsic,extrinsic and perforin/granzyme
pathways(41).

1.4.2.1. the tumor suppressor protein - p53

p53 is a key feature of apoptosis that triggerethbracellular stimuli, where the
cell recognize itself as damaged and may start uicide deliberately. The p53
nucleoprotein is a product of tp®3 gene, which has been called the 'guardian of the
genome or gatekeeper for growth and division’, heeaof its role in controlling critical
checkpoints in response to DNA damage. p53 indobtivaor mutation or both is
considered a qualification for tumor formation,fasure of normal p53unction may
lead to replication of cells with abnormal DNA ahence to malignant transformation.
At least half of all malignant tumors were foundhi@ve abnormalities of thgb3 gene
resulting in abnormal ‘'mutant’ p53 (197).

In response to DNA damage, p53 may induce the egyme of a large number
of genes lead to cell cycle arrest to allow damdgiid\ to be repaired, and if repair is
not possible, p58nay initiate apoptosis to prevent the replicatibralonormal genetic
material (185, 197). When DNA repair is activatedlein the p53-induced apoptotic

process, the cell death pathway in some circumstamay be reversed (41). p53 can
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promote apoptosis by several mechanisms. p53 cawctlgi stimulate death receptor
signaling, or stimulate mitochondrial perturbatipas p53 plays an important role in
mitochondrial membrane stability. In addition, pay have a direct apoptotic genetic
role in the mitochondria, or p53 can mediate apgiptuia transcriptional activation of
pro-apoptotic genes such as Bcl-2 family membeds 197).

In its normal state, the tumor suppressor actiowitaf type p53 is present in the
nucleus and mediated by specific DNA binding anatgin-protein interactions within
the nucleus, although sometimes a secondary ewentroin which wild type p53 is
lost. Abnormal cytosolic wild type p53 localizatidbvas been observed in a number of
cancer cell lines. The cytosolic wild type p53 tabde and inactive, but when it is
localized in the mitochondria, it can contributevéwmd apoptosis. Mitochondrial p53
induces apoptosis by regulating mitochondrial Békgily proteins, or cytosolic p53
binds to pro-apoptotic Bcl-2-family proteins, leagli to permeabilization of
mitochondria (70, 197).

1.4.2.2. Cytochrome ¢

The release of cytochrome c is a critical, earlgrgvin the development of
apoptosis, especially through intrinsic pathway.to€hrome c¢ is involved in
mitochondrial oxidative phosphorylation (139). bhsi mitochondria, cytochrome c
operates as part of the respiratory chain by shgt#lectrons through its heme group
between Complex Il (cytochrome c reductase) anch@ex IV (cytochrome c oxidase)
(194). However, outside mitochondria, cytochromériggers the activation of the
caspase-9 cascade with Apaf-1, leading to the naotwgital changes typical for
apoptosis such as DNA fragmentation, chromatin eaosdtion, and formation of
apoptotic bodies (93).

Cytochrome c is encoded by a nuclear gene and ldtadsby cytosolic
ribosomes as apocytochrome c¢, which is subsequettipsiocated into the
mitochondria where a heme group is attached cotlglém form holocytochrome c.
Heme binding induces a conformational change ohtilecytochrome ¢ which keeps it
inside the intermembrane space within the cristhe. apocytochrome c is not able to
activate Apaf-1, so signifying that the heme graipssential for its apoptotic function.
In this way, the cell is protected from cytosoligtachrome ¢ during cytochrome c¢

synthesis and translocation into mitochondria (1134).
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After the release of cytochrome ¢ from the mitodaraal intermembrane space
into the cytoplasm, cytosolic cytochrome forms a complex with Apaf-1 and
procaspase-9 binding to ATP, and activates caspéBegure 7), which in turn activates
procaspase-3 and -7 (92, 133, 197).

n:\rlun,'hl'uinu & (in imermembrane Space)

— adaptor protein

-"l'. C;\je .\'!. “?-I\l.'-l » activated
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Figure 7: Cytochrome c triggers apoptotic pathway(7).

1.4.2.3. Caspase -3

Molecularly, apoptosis is carried out by caspasdsch are represented by a
family of cysteine proteases, produced in the agltymogens, which are inactive in the
cytoplasm until they are cleaved at specific agpartesidues (as shown in Figure 8).
Caspases have proteolytic activity and are ableléave proteins at aspartic acid
residues, and these activated caspases cleave o®ojar substrates, ultimately
leading to cell death (27, 187).

Caspases operating in the apoptotic process cativimed in three groups,
initiator, executioner, and inflammatory caspase#iators caspases are activated by
proapoptotic stimuli (caspase-2,-8,-9,-10) and iamodlved in the activation of the
executioner caspases, which execute the fragmemtatiDNA and dissemble cellular
structures (caspase-3,-6,-7), and inflammatory saspdcaspase-1,-4,-5) (41, 144).
Initiator caspases respond to apoptotic stimulofeing particular molecular pro-death
cues. Executioner caspases are activated by upsirggator caspases (Figure 8) and
are responsible for proteolytic cleavage of ‘destbstrates’, which gives rise to the
physical and morphological features of apoptosisceO executioner caspases are
activated, they execute apoptosis through protieotye¢avage of a number of structural
and regulatory proteins within the cell. These @irtt include structural proteins, such
as actin and nuclear lamin, regulatory proteinghsas p21 and Rb and proteins
involved in DNA metabolism and repair, such as pdDP ribose polymerase (PARP),

among many others (187).
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Caspase-3 is a key executioner of all apoptotibvpays, which is activated by
an initiator caspase, such as caspase-9. Caspasa-8ytosolic protein that normally
exists as a 32-kD inactive precursor. Moreoves, @dleaved proteolytically into a 17-kD
and a 12-kD active heterodimer in cells underg@pgptosis (27, Figure 8). Caspase-3
preferentially cleaves on the carboxyl side of thieapeptide sequence Asp-Glu-Val-
Asp (DEVD), a sequence present in PARP, also ckeaterol regulatory element—
binding proteins and several other cellular prat€ik5).
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Figure 8: The caspase cascade involved in apoptopisthway (7)

1.4.2.4. DNA laddering

Different endonucleases, which activated by caspaseell apoptosis process,
mediate two types of DNA cleavage. DNA is initiatlieaved into fragments of 300,000
and/or 50,000 base pairs. This large-order DNAwdge by C&-and Md*-dependent
endonucleases is often followed by internucleosddiéh cleavage into fragments of
180-200 base pairs (the so-called “ladder” patterf DNA cleavage). Thus, a
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characteristic “DNA ladder” can be visualized byaswge gel electrophoresis with an
ethidium bromide stain and ultraviolet illumination apoptotic cells (41) as shown in
figure 9). However, since DNA fragmentation occurshe later phase of apoptosis, the
absence of a DNA ladder does not eliminate thenpialethat cells are undergoing early

apoptosis. Additionally, necrotic cells can alsograte DNA fragments (41).

Figure 9: Photo of agarose gel electrophoresis ofNA extracted from different cell
cultures (86)

Lane A: DNA of normal viable cellsLane B: DNA of cells exposed to

apoptosisLane C: DNA of necrotic cells.

The apoptotic process appears to be a host defaesbanism against viral
infections and hepatocarcinogenesis. That is whgptosis of hepatocytes is accepted
as a prominent feature of viral hepatitis B (HBWdaHCV (80, 95). However, many
viral genomes encode proteins that inhibit hostscapoptosis, especially to escape
from host immune attack. Therefore, virus-host reddons may determine viral
persistence, extent, and severity of liver inflartiora and possibly viral
hepatocarcinogenesis (95). As cell death in vieglatitis may not be caused exclusively
through lymphocytes in order to remove damaged cblit could be influenced by the
virus itself (80). Thu, the effect of various hepgabtective drugs used by hepatitis
patients on liver function, and liver cell deathtpen must be investigated, and a model
of impaired liver is needed to be established gmeearmental animals first to facilitate

such investigation.
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1.5. Experimental model

A reproducible animal model of liver disease ishiygdesirable for appropriate
metabolic and therapeutic studies. The criteriaaforideal experimental model should
include the development of morphological featuresilar to that observed in human
disease, features such as; gradual progression atffiolpgical changes, high
reproducibility and low mortality, reversible andeversible fibrotic changes with
pathophysiological outcome. Many agents have besed as hepatotoxin to induce an
experimental hepatic damage model (20). Theseddtegars may react with the basic
cellular constituent: proteins, lipids, DNA andaitucleic acid (RNA), and may induce
almost all types of lesions of the liver (20).

To investigate the hepatoprotective effect of ngatlsetic or natural compound,
scientists are used to examine on a model suchics mat, rabbit or dog intoxicated.
The most common method of producing experimentahasis is by administering
variety of chemical compounds such as carbon tetade (CCl), ethyl alcohol,
dimethyethanolamine an@®-galactosamineor physically by ischemia-reperfusion,
radiationor partial hepatectomy (142).

Hepatotoxicity can be identified as an injury te fiver that is associated with
impaired liver function caused by exposure to aydyuanother noninfectious agent. In
addition, when liver function is impaired, symptowrsd clinically significant disease
follow. Drug induced injury to the liver can mimany form of acute or chronic liver
disease, with no risk of spreading a disease. lsubk acute hepatocellular necrosis
caused by drug toxicity clinically resembles vioalischemic disease; as it is associated
with elevated serum aminotransferases levels teftex release of enzymes from the
cytoplasm of dying cells (127).

The drug-induced hepatic disease is either a reétifte drug itself or a result of
reactive metabolites of the drug that covalentlydbio hepatocytes and result in either
idiosyncratic (unpredictable), intrinsic (predicka}y or immunoallergic hepatitis (87,
105). Intrinsic predictable injury, resulting in gaocellular necrosis, is dose-related,
usually reproducible in animal models, and examplels predictable drug,
acetaminophen, and CLlldiosyncratic unpredictable injury is seen mooenmonly
than predictable toxicity. With unpredictable takgc there seems to be no dose
relation, and usually there is no animal model, aftdn seems to be hypersensitivity
mediated (e.g., alpha-methyldopa hepatitis) (87).
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Many different mechanisms lead to hepatotoxicitpe@s disruption of the cell
membrane, or covalent binding of the drug to cedtgins that creates new adducts that
serve as immune targets, thus inciting an immunologaction. Another mechanism is
the inhibition of cellular pathways of drug metabol, or causing an abnormal bile
flow leading to cholestasis and jaundice. In additiprogrammed cell death (apoptosis)
is considered as probable hepatotoxicity mechan@rosrring through tumor necrosis-
factor and Fas pathways; and inhibition of mitodtad function, which lead to

accumulation of reactive oxygen species and ligicpidation, then cell death (127).

As, Cokca et al. (31) reported that high-dose theraith statin lead to
toxicological situation that mimics viral hepatjtes new hepatitis model can be induced
by over doses of statin in experimental animalsiv&tatin was investigated as a
hepatotoxin for new model of experimental hepatitisether it cause injury in intrinsic

predictable or immunological pattern.

Fluvastatin

Fluvastatin : FY

Figure 10: Fluvastatin chemical structure(115)

Statins are inhibitors of 3-hydroxy-3-methylglutacpenzyme A (HMG-CoA)
reductase. They effectively reduce cholesterol lledd5, 132, 174). Statins are
composed of nine unique compounds; they are nturdérived from fungi
fermentation or chemically synthesized. Fluvastatdium, (T)-(3R*,5S*,6E)-7-(3-p-
fluorophenyl)-1-isopropylindol-2-yl)-3,5-dihydrox§-heptenoic acid (as shown in
Figure 10), is the first fully synthetic HMG-CoAdectase inhibito(24).
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Fluvastatin has a distinct biopharmaceutical peodimong statins; it has high rate
of absorption, rapid liver uptake, short systemipasure time (half-life of 1.2 hours),
and virtually no active circulating metabolitesu¥astatin is targeted to the liver, where
it is subjected to rapid extensive first-pass matialn, and 98% of fluvastatin is protein
bound (110).

Statins effectively block HMG-CoA reductase fromngerting HMG-CoA to
mevalonic acid, reducing the endogendasiovo synthesis of cholesterol in the liver
(132). This leads to a decrease in intracellulgratie cholesterol level, which then
induces expression of cell surface LDL receptanspéng cholesterol to be removed of
circulation (196). The safety of statins has beecudented extensively; they are
remarkably well tolerated, with minor side-effedtsclude constipation, flatulence,
dyspepsia, nausea, and gastrointestinal pain (I9®).most serious adverse effect is
myotoxicity e.g. rhabdomyolysis, and hepatotoxidityat evident by elevated serum

aminotransferases levels (132).

Statin mechanism action

Statins as a HMG CoA reductase inhibitor resultslépletion of mevalonate,
and thus leads to a reduction in cholesterol swigheogether with reduction in
isopentenyl -, geranyl - and farnesyl pyrophosphatel dolichol and ubiquinone (72,
174). All of these compounds are involved in vasiessential cell functions (72).
Figure 11 outlines the fluvastatin mechanism oiact

Cholesterol is involved in membrane integrity aner@ds production, while
ubiquinone is involved in electron transport andll ceespiration. Isopentenyl
pyrophosphate reduction may affect cell biosyntheittivity, while a reduction of
geranyl and farnesyl pyrophosphate may potentefligct signal transduction, as they
are involved in covalent binding of G proteins, Is&s the Ras family, to membranes.
Dolichol is required for glycoprotein synthesis,daisopentenyladenine, essential for
certain transfer RNA function and protein synthe$ise effects of such compounds on
cell biosynthetic activity and signal transductioray in turn affect optimal cellular
regulation, function, and repair activities (174).

Statins also has some pleiotropic effects, whiehiadependent effects of statin
therapy beyond their cholesterol lowering (72). Séhpleiotropic effects are involved in
endothelial function, antioxidant and anti-inflamtorg, anticancer, antifibrotic,

antiviral and cytostatic properties, and immuno-matbr activity (43, 99, 183).
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Figure 11 Fluvastatin mechanism of actior{196)

Statin side effects

Cholesterol synthesis occurs predominantly in |ivérich is the target organ of
fluvastatin. Fluvastatin appears in much higherceoitrations in the liver than in non-
target organs, and the liver is the drug’s primgitg of both action and side effects, as
one of statins most important adverse effectsgs@ated with liver toxicity (167, 174).
Moreover, in a subset of patients, who received/affiatin or another statin, a
hepatocellular injury was indicated by elevationsserum aminotransferases levels in
dose-dependent manner, and/or by the biochemicabratalities of liver function
(167). These aminotransferases elevations are lysasymptomatic, more prevalent
with higher doses or with extended period of drptake, and transient as they resolve
after discontinuation of the drug (8, 87, 91).

Cokca et al. (31) reported that high-dose therapply statin lead to toxicological
situation that mimics viral hepatitis. In additiorthe biochemical tests of
hypercholesterolemia patient treated with fluvast®0 mg/day for a year showed

elevated levels of ALT, AST, lactate dehydrogenasesatinine, and blood urea
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nitrogen. Controlled trials show increases in seaminotransferases values to more
than three times the upper limit of normal in 0.292 of patients, and rarely,
symptomatic liver disease including fatal acutedifailure (87, 115). Because of these
reports, experts and manufacturers recommend eutionitoring of liver function test
values in patients receiving chronic statin theragnd advise against statin therapy in
patients with active or chronic liver disease (44)addition, statin therapy should be
discontinued in the presence of significant obyecevidence of liver dysfunction (46,
120, 157).

Since the early 1990s, there have appeared spaegabcts of statins triggering
autoimmune diseases. These diseases include lupythematosus, arthralgia,
dermatomyositis, polymyositis, hypersensitivity pnmnitis, lichen planus and
autoimmune hepatitis that developed a predomindmlyatocellular pattern of injury
(8, 91). As drug-induced hepatic toxicity may minaienost all types of hepatobiliary
disease, it even may lead to acute liver failunel @s the prevailing side effect of statins
is hepatocellular injury (11). Fluvastatin can lmmsidered as toxic substance causing
hepatitis liver damage model in experimental angned enable more investigation of

various drugs and supplement on damaged liver.

1.6. Hepatic impairment treatment

Chronic hepatitis is a serious global medical peoblnecessitating effective,
inexpensive, and less toxic treatments (186). Himnmales for treatment of chronic
liver disease are to reduce inflammation, to preusrprogression to fibrosis, cirrhosis,
and hepatocellular carcinoma, through the eradicatf the insulting agent, e.g.
alcohol, HBV and HCV (186).

The effectiveness of antiviral therapy for hepatisi improving but there is still no
effective therapy for evolving alcoholic cirrhogis09). The only registered drug for
viral hepatitis is interferortherapies, however they are already limited byrtisale
effects, expense and route of administration, &y &are not efficacious in all cases
(172). Recently published reports document thatenmoney is expended annually on
alternative therapies than on prescription medsg;isaggesting that patients believe that

western medical approach is ineffective or thataiternatives are more effective (172).

Herbals have been used for centuries in China &mer &-ar East countries, and
recently they have become increasingly popular @stern countries (191). The basis
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for this increasing interest is the belief thatdads are natural products used for
hundreds of years, and thus they must be effeane safe (156, 168). Their use is
especially prevalent in persons with chronic dissasand therefore the fact that those
with chronic liver disease seek primary or adjuretnerbal treatment is not surprising
(156). The most commonly used herbs in western to@snby hepatitis patients were
reported to be milk thistle (and its ingredienysibrin), St. John’s wortGingko biloba,
ginseng and Echinacea. However, there are somaesdetwhether such herbs actually
help patients or not, as Wong and Lee (195) sthigtl no alternative or complementary
remedy has been shown to affect HCV liver disease.

Herbal medicines for liver disease are also limhgdseveral factors such as most
of the herbal drugs lack of standardization, ladkidentification of their active
ingredients, lack of randomized controlled clinitadls, and lack of full toxicological
evaluation. As herbal products are marketed asmietupplements rather than drugs,

they are not subjected to rigorous testing fortgadad efficacy (34)

In this thesis, two examples of most popular herésd by hepatitis patients are
investigated in the new challenging experimentatiehaf hepatitis. One is silymarin,
the popular drug in western countries; the oth&alsisandra derivatives that popular in

eastern countries, and both clamed to be safe sefdlwdue to their natural origin.

1.6.1. Silymarin

Silymarin is one of the most known hepatoprotectagent against induced
hepatotoxicity due to its plant origin, oral effgehess, easy availability at an
affordable price, and most importantly good safetyfile (181). It may prove superior
to poly-herbal formulations for its better standaation, quality control and free from
contamination from heavy metals and microbial texit42).

Silymarin is isolated from milk thistle Slybum marianum L = Cardus
marianum L) (Figure 12) This plant has large bright purple flowers, stout spirsew
spiked leaves with white veins, hence the nameKntilistle (58). The extract of the
milk thistle plant has been used to treat chronierldisease for thousands of years
since the time of the ancient Greeks (119, 147Rdman times, Pliny the Elder [A.D.
77], a noted naturalist, reported that milk thisties “excellent for carrying off bile”. In
addition, Nicholas Culpeper [1650], the famous kigHerbalist, wrote of silymarin

effectiveness in removing obstruction of the liaed spleen (116).
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Figure 12: Photo of Silypum marianum plant (71)

Milk Thistle is widely used in Europe (as presenteérigure 13), United States,
and other countries as a “liver support” (40).ita native Mediterranean region, it has
been used for liver ailments since the Greco-Roeranand today it remains in folk use
as a digestive aid, anti-inflammatory, hypotensarej general tonifier (1). The German
Commission currently recommends its use for dyspepimplaints, toxin-induced liver
damage, and hepatic cirrhosis and as a suppotie@gy for chronic inflammatory

liver conditions (63).

Figure 13: Distribution of milk thistle in European countries (in black) (4)
Silymarin is the most commonly used herbal prodoid¢teat a range of liver and
gallbladder disorders, including hepatitis, cirispand jaundice, and to protect the liver
against poisoning from toxins, including snakebitesect stings, mushroom poisoning
and alcohol (4, 50, 63, 147, 156).

Silymarin constituents
Silymarin is found in the entire plant, but it sncentrated in the fruit and seeds.

The active complex in mile thistle is composed laénolignans —silybin (A & B),
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isosilybin (A & B), silydianin, silychrstine, isdgchristin and one flavonoid (taxifolin).
These chemicals form a complex known as silymaramprising up to 80% of milk
thistle extract (96). Silybin A and B are the mabundant flavonolignans in silymarin
and together comprise the fraction of silymarin wnoas silybinin (104). Figure 14

represents the most of the chemical constituemtdon Slybum marianum plant.
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Figure 14: Silypbum marianum active constituents(104)
Silymarin pharmacokinetic and toxicity

Silymarin has a short half-life, with rapid conjtiga in the liver, and primary
excretion in bile. It is absorbed in the intestinencentrates in the bile, and probably
has an enterohepatic circulation so that it comtsnto recycle through the liver. Results
from rat and human studies indicate that the higbhescentration is found in liver,
suggesting a localization of silymarin effectsit@it (198).

Silymarin has been described to be very well ttéetaeven at high doses, as
higher doses and/or more frequent oral dosinglyisirin currently available forms are
more prescribed in order to control hepatic inflaation (122). Silymarin has shown to
be generally non-toxic, the only contraindicaticare pregnancy and allergy to the

daisy/composite family. Silymarin did not show sid#ects when administered to
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adults in an oral dose range of 240-900 mg/dawndr three divided doses, or when
administered in an oral dose 100 mg/kg/day to fats22 weeks (58). However, a

laxative effect with an increased bile flow andretion may appear at higher doses of
more than 1500 mg/ day silymarin (4).

Silymarin mechanism of action

Hepatoprotective activity of silymarin has been destrated by various
researchers from all over the world against pahigdatectomy, radiation, cold ischemia
models, and toxicated models in experimental arsmaing acetaminophen, GCI
ethanol, D-galactosamine, iron overload, phenylaguire, andAmanita phalloides
toxin (4, 40, 142). The hepatoprotective actiorsibfmarin in fatal fulminant hepatic
failure following Amanita phalloides (death cap) mushroom poisoning was noted in
experimental animals and humans, where it showgldehiefficiency when silymarin
was given soon after exposure. Silymarin was atemd to protect the liver tissues
from injury caused by microcystin, halothane ardxan (61, 97).

Several pharmacological studies have been cartedrothe active components
of milk thistle, silymarin and silybinin. It has &e found that these substances exert
hepatoprotective, antioxidant, anti-inflammatoryl amtifibrotic properties. In addition,
they stimulate protein biosynthesis and liver reggation, increase lactation and possess
anti-viral, anti-proliferative and immuno-modulajoactivity (5, 6, 45, 140, 178).
Silymarin hepatoprotective is thought to work viama than one mechanism (40, 61,
97). One of proposed mechanisms is that silymaninbit the hepatotoxin binding to
receptor sites on the hepatocyte membrane, reggldte membrane permeability, and
increasing membrane stability. It can also interdoectly with cell membrane
components to prevent any abnormalities in the esanof lipid fraction to maintain
normal fluidity.

Another mechanism is that silymarin stimulate ridroal RNA polymerase and
subsequent protein synthesis with hepatocyte regeoe. Silymarin has a capacity to
regulate the nuclear expression, by means of aidtéke effect, essential for restoring
the structural proteins and damaged enzymes. Silgnaso can inhibit the hepatic
cytochrome P450 (CYP450) detoxification system;s tleffect could explain the
hepatoprotective activities againgtmanita phalloides intoxication, asthe toxin
becomes lethal for hepatocytes only after beingyaietd by the CYP450 system. The

most popular mechanism is that silymarin act asree-fadical scavenger and
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antioxidant; and protect against lipid peroxidatidinis result in silymarin ability to

increase the cellular content of GSH, reduce thelatbon glutathione and induces
superoxide dismutase to enhance its level in thex Bind intestine. Silymarin also was
reported to inhibit stellate cells transformatiartoi myofibroblasts, which leads to
cirrhosis formation. Moreover, silymarin has someduoating activity against the

immune response (61).

Silymarin was reported to tend to normalize eledaeninotransferases (ALT
and AST) levels (142). Silymarin also shown to ioy@ other markers of liver function
(GGT and bilirubin) in patients with liver diseastvarious etiology, including those
exposed to toxic levels of toluene or xylene owents, paints, and glues that cause
acute or chronic liver damage (58, 190).

Silymarin is favored prescribed drug among physiido hepatitis patients,
however there is still a debate concerning itsciefficy. Dhiman and Chawla (34) do
not support recommending this herbal compoundHertteatment of liver disease, as
silymarin did not reduce mortality nor improved thiechemistry and histology among
patients with chronic liver disease. Moreover, $eefal. (156) reported that silymarin
has no beneficial effect on serum ALT or HCV RNAdés. They noted that silymarin
use was strongly correlated with patients’ high@guaation, and data analysis showed
fewer liver-related symptoms and better qualityHef-parameters in users. However,
after reanalysis only fatigue, nausea, liver paimprexia, muscle and joint pain, and

general health remained significantly better igrarin users.

1.6.2. Dimethyl diphenyl bicarboxylate — DDB

Dimethyl diphenyl bicarboxylate (DDB) has been stgied as liver support
medication in China, and it is currently used fo treatment of acute and chronic HBV
and HCV in far east countries and in other coustf# 83, 169).

DDB is a synthetic mimic of the natural productifsandrin C”, a component of
Fructus Schizandrae (103). Figure 15 represents the ripe and dried &fuSchizandrae
plant. Schizandrae, or Schisandra, is a plant that has been usedditional Chinese
and Japanese medicine, and there are several specikdingSchisandra chinensis,
which is native to Northeastern China and Kore&)12

Schisandra has long been used for a wide varietpoditions including asthma,
dyspnea, cough, mouth dryness, spontaneous diagmoreocturnal diaphoresis,

nocturnal emission, insomnia, amnesia, dysentemysrigka, impotence and kidney
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problems (159). In the past two decades, the cdudg prepared from schisandra has
been developed as an alternative medicine forrganhent of various liver diseases; as
it is claimed to protect the liver from injuriesdunced by hepatotoxin, improve liver

function, and stimulate liver cell re-growth (67hese findings encouraged its use in

human trials for the treatment of hepatitis.

Figure 15: Photo of ripe and driedFructus Schizandrae (189)
Schisandra constituents

The fruit of Schisandra chinensis contains dibenzocyclooctadiene lignans, which
reported to have a variety of pharmacological effesuch as antioxidant, anti-
inflammatory, hepatoprotective and anti-tumor e8e@7, 64, 114, 121, 161, 164). In
addition, these lignans are believed to be resptndor the effect of lowering the
elevated liver aminotransferases in plasma, suppigslipid peroxidation, and
enhancing GSH mediated anti-oxidation (77, 78).

These dibenzocyclooctadiene lignans include scbsanA, B and C,
deoxyschisandrin, g-schisandrin, pseudo-g-schigandsoschizandrin, gomisin A,
gomisin N and wuweizisu C, schisandrol and schisaedters (137). Although some of
these components isolated from schisandra haveegtiieg pharmacological activities
such as schisandrin A, B and C, yet their conterthé plant is very low and their total
synthesis is very difficult. To develop new antphétis drugs, a number of analogues
of schisandrin C, were synthesized and screenetD&B is one of them (112). DDB
chemical name is (dimethyl-4,4’-dimethoxy-5,6,5'@methylene-dioxybiphenyl-2,2’-

dicarboxylate), its empirical formula is,§118010, and its molecular weight = 418.36.
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Figure 16 shows the similarity between the chenstaicture of synthetic drug “DDB”
and the chemical structure of natural componenhizemdrin c¢” that found in

schisandra fruits.
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Figure 16: Chemical structure similarity of DDB and schisandrin C(108)

DDB is widely used for the treatment of chronic &efs, as in China. DDB has
been tested clinically on patients with HBV and tlkeults indicate that it markedly
improves impaired liver functions, such as nornaion of elevated serum ALT level.
This was reported in most of patients after 1-3 tiherof treatment; moreover, it
improved the abnormal bilirubin and serum albunongtobulin ratio, and relieved
patients' symptoms (103, 113).

Many studies reported that DDB improve liver funos in various experimental
models induced by e.g. C£I D-galactosamine, thioacetamide, aflatoxfi,
erythromycin or prednisolone (2, 42, 113). Moreovenmproved liver functions in
ethanol-induced humoral immunosuppression and diylretrosamine-induced
fibrogenesis (83, 89).

DDB mechanism of actions

The presence of hepatic enzymes, such as ALT and &Sblood plasma is
commonly used as an indirect index of hepatocelldEanage. And numerous studies
demonstrated that DDB reduce serum elevated ALivigcin animal models and in
humans, thus DDB is considered by some authorspatbygrotective drug. However,
DDB did not improve liver histology, and the ALT mmaalization sometimes occurs
only during the treatment period, and did not slasustainable reducing affect on AST
level (188). This creates a conflict whether inisrue hepatoprotective drug or it just
masks the ALT elevated activity.

Although, the exact mechanism involved in the inweraent of hepatic
aminotransferases after DDB treatment is not gfelaniown, yet several researchers
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suggested its hepatoprotective mechanisms, at Sameothers debate such proposed
mechanisms. Some of the proposed mechanisms dr®@ has antioxidant action,
anti-lipid peroxidation action, and anti-cytolysistion (42). However, contrary to these
theories, Ip et al. (79) reported that, DDB did paitect from CCJintoxication and did
not enhance hepatic glutathione redox status andchandrial reduced glutathione
activity.

Another mechanism depends on postulating that DiziBige CYP450 enzymes,
thus increase the detoxification capability of tiveshich may result in increase in the
activity of glutathione peroxidase, glutathione uetése, and glutathione-S-transferase
(203). Yet, Kim et al. (88ktated that DDB forms a metabolite-P450 complexicivh
selectively inhibits the CYP450 3A4 activity. Moraw, treatment with DDB was
suggested to offer a protection by keeping thectiral integrity of liver cell membrane
against hepatotoxin challenge as a membrane-giabjilagent (2, 69, 136).

Another mechanism suggested by Li (108) is that Di2B an anabolic action.
After treatment with DDB, the protein metabolic pesses of hepatitis patients were
improved, with increase in serum albumin levels3238, 203). Another study shows
that DDB increases liver protein and glycogen sgsit (203). However, Kang et al.
(82) stated that DDB did not restore the lowereabpia proteins and albumin contents
in dimethylnitrosamine treated rats. On the othard) studies done by Fu and Liu (51)
showed that, DDB would be beneficial to the rejpdithe damaged liver cells, because
it increases the concentration of liver microsorpadteins, and increases liver free

ribosomal proteins and RNA.
Other mechanisms were also suggested such asaacitiagenic actionand
immuno-modulatory actiof89, 169. Moreover, the increased hepatic blood flow rate

by DDB might be one of its hepatoprotective mechiasi, as typically patients with
chronic liver disease, such as liver cirrhosis ket fibrosis showed decreased hepatic
blood flow rate (83). However, DDB had not showsignificant improvement in most
of the parameters expressing synthetic liver fumcin hepatitis C patients, although

patients’ claim of health improvement feeling (19).
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2. Aim of the study

The am of this thesis is divided into two parts; establish a new hepatitis
experimental model, and investigate the effect of drugs used as hepatoprotective on
liver cell function and death in challenging hepatitis experimental model.

In order to explore a new experimental model that mimics gradual progressive
hepatitis injury, fluvastatin was used as hepatotoxin, as fluvastatin is usualy well-
tolerated chemical drug that cause liver toxic symptoms resembling hepatitis upon high
doses or prolonged administration.

Fluvastatin was administered in gradua toxic dosages (25, 50, 75 and 100
mg/kg) for seven subsequent days. Such doses were used to obtain gradual hepatic
damage, and to avoid complete or uncontrolled liver impairment. In addition, these
fluvastatin doses were administered to easily available laboratory animals (Wistar rats),

to make this model reproducible and easily maintained in various laboratories.

Since many drugs are used as alternative and complementary therapy for
patients with chronic liver diseases, prescribed by the physicians or over counter, based
on the clam that they are hepatoprotective, do not harm the liver and improve the
general physical condition. In this thesis, two examples of such drugs (silymarin and
DDB) were chosen to investigate more closely the hepatoprotective action in
challenging hepatitis pattern and assess their protective effect on the hepatocytes
damage on cellular and molecular basis.

In order to challenge these two popular hepatoprotective drugs to exert a
hepatoprotective effect while liver is under stressful toxic progressive condition, these
drugs were tested in hedthy rats and rats intoxicated with gradual toxic doses of
fluvastatin. Parameters of hepatocytes function such as hepatic enzymes, proteins, lipid
profile and glucose levels, and markers of hepatocytes necrosis and apoptosis were
observed, measured, and compared to normal group values and respective toxicated

groups.
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3. Materials and Methods

3.1. Animals

Ninety (90) male Wister rats (6 weeks old, 150—§®dy weight) were obtained
from the Animal House, Faculty of Pharmacy, Jagredn university-collegium
medicum (UJ-CM). The animal room has been mainthiae 25-27C and suitable
humidity conditions. Animals were housed in stassksteel cages, and they were
subjected to 12 hours light—dark cycle lights fré6r@0 to 18:00. They had a free access
to food (rats’ standard chow diet) from 18:00 u#tiDO, and a free access to water all

the time

All animals were handled and treated in compliamgth UJ-CM Ethical
Research Council guidelines, and the thesis resepl@ne was approved by the
Research Animal Care, Ethical Committee of UJ-CMimals were acclimatized for

two days prior to the experiment, then they wergloanly assigned to different groups.

3.2. Drugs and Dosages

The drugs used were obtained from internationallava drug stores, while
reagents were obtained in analytical grade fronctdmmercial analytical and chemical
companies. Drugs were suspended in sterile dostivater, and they were given to
fasted rats as a gastric gavage by oral needleekatw7:00 and 18:00, when the daily
wave of hepatic DNA synthesis was at its peak (62).

e Fluvastatin (Lescol 40mg, Novartis Pharmaceutic®eland) was administered
daily to rats in four gradual oral doses of flueast for 7 days (25, 50, 75 and
100 mg/kg/day).

e Silymarin (Legalon, MADAUS GmbH, Cologne, Germanyas administered daily
with and without the previous stated fluvastatiricodoses to rats in a fixed oral
dose 140 mg/kg/day (180) for 7 days.

» Dimethyl diphenyl bicarboxylate (DDB, Beijing UnioRharmaceutical Factory,
P.R. China) was administered daily with and withihét previous stated fluvastatin

toxic doses to rats in a fixed oral dose 100 mglag/(188) for 7 days.
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3.3. Study design

Animals were classified into four groups:

Group | Normal group (NC) 6 healthy rats received water for 7 days.

Group Il Fluvastatin 24 rats divided into four subgroups each contains
toxicated group 6 rats, received for 7days:
(F-25) 25 mg/kg/day fluvastatin
(F-50) 50 mg/kg/day fluvastatin
(F-75) 75 mg/kg/day fluvastatin
(F-100) 100 mg/kg/day fluvastatin

Group IlI-A  Silymarin group 6 rats, received for 7 dagg0mg silymarin/kg/day
Group IlI-B Silymarin 24 rats divided into four subgroups each contains
and 6 rats, received for 7 days
fluvastatin group (FS-25) (25mg fluvastatin+140mg silymarin) /kg/day
(FS-50)  (50mg fluvastatin+140mg silymarin) /kg/day
(FS-75)  (75mg fluvastatin+140mg silymarin) /kg/day
(FS-100) (100mg fluvastatin+140mg silymarin) /kg/day

Group IV-A DDB group 6 rats, received for 7 day90mg DDB/kg/day
Group IV DDB 24 rats divided into four subgroups each contains
and 6 rats, received for 7 days

fluvastatin group (FD-25) (25mg fluvastatin + 100mg DDB) /kg/day
(FD-50) (50mg fluvastatin + 100mg DDB) /kg/day
(FD-75) (75mg fluvastatin + 100mg DDB) /kg/day
(FD-100) (100mg fluvastatin + 100mg DDB) /kg/day

3.4. Sample collection

After seventh day of experiment, fasted animalsewanesthetized by intra-
muscular injection of Ketamine hydrochloride saliemose. Liver were rapidly
collected, clamped frozen in liquid nitrogen, atdred at -80°C until analysis. Blood
was collected by heart puncture, allowed to clbef, the serum was separated, divided
in small amounts of samples, and stored at -804 amalysis. Rats’ body weight was
recorded daily from the first to the last day ofpesment. At the day of animal

sacrifice, the weight of the liver and kidney weeeorded before freezing the liver.
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3.5. Liver biochemical tests:

3.5.1. Serum glucose

Serum glucose was determined colorimetrically adiogr to the method of
Trinder (179) using a BioMaxima kit (Cat. No. 1-63800, BioMaxima, Lublin,
Poland). The quantification of glucose dependeérmzymatic oxidation of glucose into
gluconic acid. This oxidation was accompanied witidrogen peroxide production,
which combined with phenol and 4-aminoantipyrinenfmmg colored complex. The
resulting color is proportional at 500 nm to theoammt of glucose present in serum.
Test reagent:

A glucose solution (5.55 mmol/l) is used as statidsmlution. Test reagent
consisted of 250 mmol/l phosphate buffer (pH 7520 kU/I glucose oxidase,
>1.5 kU/l peroxidase, 0.4 mmol/l 4-aminoantipyrin® mmol/l phenol and
2 mmol/l ethylenediaminetetraacetic acid (EDTA).

Test procedure:

In two cuvettes, 10 pl of serum and 10 pl of statdeere each mixed with 1 ml
of test reagent. The optical density (OD) of thengle and standard were measured
after 10 minutes incubation, at room temperatusereg a blank reagent at 500 nm.
Calculation:

The concentration of serum glucose was calculatedrding to the equation:

Glucose (mmol/l) = (OD sample / OD standaxdjtandard concentration

3.5.2. Serum total protein:

Total protein concentration was determined accgrdonthe method of Gornall
(60) using a Biolabo kit (Cat. No. 80016, Biolabeagents, Maizy, France). The
colorimetric quantification of serum total protas based on the principle of Biuret
reaction. The peptide bond of amino acids in proteact with copper Il in an alkaline
solution to yield cupric ions, those ions complekXhwsodium potassium tartarate
forming blue color. This blue color intensity is oportional to total protein
concentration, and measured at 550 nm.
Test reagents:

A bovine albumin solution (6 g/dl) is used as topabtein standard solution.
Biuret reagent is composed of 10 mmol/l sodium gsitan tartarate, 3 mmol/l

potassium iodide, 370 mmol/l sodium hydroxide andrBol/l copper Il sulphate.
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Procedure:

In two cuvettes, 20 ul of serum was mixed with 1 ahiBiuret reagent in one
cuvette, and with 1 ml saline in the other. In &eotcuvette, 20 pl of standard solution
was mixed with 1 ml of Biuret reagent. The OD o€ tkample and standard were
measured after 10 minutes incubation at room teatpey against a blank reagent at
550 nm.

Calculation:

The concentration of serum total protein was caleud according to the equation:

Total protein (g/dl)= [(OD sample assay — OD sample blank) / (OD stabh)fla

standard concentration

3.5.3. Serum albumin quantity:

Albumin was determined according to the method otilas et al. (37) using
a BioMaxima kit (Cat. No. 1-003-0200, BioMaxima, llin, Poland). The colorimetric
guantification of serum albumin depends on thetreadetween albumin (in a buffered
solution) with bromocresol green. The resultingduc has a blue green color that is
proportional at 630 nm to the albumin concentration
Test reagents:

A bovine albumin solution (4 g/dl) is used as allourstandard solution. Color
reagent is composed of 0.15 mmol/l bromocresolrgraed 75 mmol/l succinic acid.
Procedure:

In two cuvettes, 10 ul of serum and 10 pl of stathdalution were each mixed
with 1 ml of Color Reagent. The OD of the sampld atandard were measured after
2 minutes incubation at room temperature agaibdirk reagent at 630 nm.
Calculation:

The concentration of serum albumin was calculatezbring to the equation:

Albumin (g/dl) = (OD sample assay / OD standaxdgtandard concentration

3.5.4. Serum total cholesterol:

Total cholesterol was determined according to trethod of Allain et al. (9)
using a BioMaxima kit (Cat. No. 1-023-0200, BioMand, Lublin, Poland). The
colorimetric quantification of serum total cholesie depends on the enzymatic

hydrolysis of cholesterol esters by cholestera@meste to cholesterol and fatty acid. Free
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cholesterol is then oxidized by cholesterol oxidas® cholesterol-4-en-3-on, and
hydrogen peroxide that combined with phenol andrdhRaantipyrine forming colored
complex. The resulting color is proportional at 80 to the amount of total cholesterol
present in serum.

Test reagent:

A cholesterol solution (5.2 mmol/l) is used as ded solution. The reagent is
composed of 50 mmol/l 2-(N-morpholino)ethanesuléoacid (MES) buffer (pH 6.4),
>0.4 kU/l cholesterol esterase, >0.1 kU/l choledtexidase, >1.5 kU/I peroxidase,
4 mmol/l phenol, 0.3 mmol/l 4-aminoantipyrine, 25ml/l magnesium sulphate,
and 7 mmol/l sodium cholate.

Procedure:

In two cuvettes, 10 pl of serum and 10 pl of stathdeere each mixed with 1 ml
of test reagent. The OD of the sample and standaré measured after 10 minutes
incubation at room temperature against a blankeneiagt 550 nm.

Calculation:
The concentration of serum cholesterol was caledlaiccording to the equation:

Total cholesterol (mmol/l) = (OD sample / OD stamfja& standard concentration

3.5.5. Serum triglycerides:

Triglyceride was determined according to the metbioBossati and Prencipe (49)
using a BioMaxima kit (Cat. No. 1-053-0200, BioMamd, Lublin, Poland). The
colorimetric quantification of serum triglyceridemends on the enzymatic hydrolysis of
triglyceride by lipoprotein lipase, producing glyck and fatty acid. Glycerol was
phosphorelated with ATP and glycerol kinase. Thedpced glycerol-3-phosphatase is
then oxidized by glycerol kinase to produce dihygexetone phosphate and hydrogen
peroxide. Hydrogen peroxide is combined with 4-ohtnenol and 4-aminoantipyrine
forming colored complex. The resulting color is podional at 550 nm to the amount
of triglyceride present in serum.

Test reagent:

A triglyceride solution (2.28 mmol/l) is used asrsfard solution. Reagent is
composed of 50 mmol/l piperazine-Nsbis(2-ethanesulfonic acid) (PIPES) buffer
(pH 7.0), >5.6 kU/I lipoprotein lipase, >0.64 kliglycerol kinase, >1.6 kU/I peroxidase,
>3.2 kU/I glycerol phosphate oxidaze, 2 mmol/l AT7 mmol/l 4-chlorophenol, and
0.4 mmol/l 4-aminoantipyrine.
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Procedure:

In two cuvettes, 10 pl of serum and 10 pl of stathdeere each mixed with 1 ml
of test reagent. The OD of the sample and standaré measured after 10 minutes
incubation at room temperature against a blankemgaat 550 nm.

Calculation:

The concentration of serum triglyceride was caladaccording to the equation:

Triglyceride (mmol/l) = (OD sample / OD standard$tandard concentration

3.5.6. Serum High Density Lipoprotein (HDL) fraction:

HDL fraction was determined, according to the mdtbbBurstein et al. (21), by
separating HDL cholesterol fraction from other @svérol fractions and then measure
cholesterol concentration using a BioMaxima kit {Qdo. 1-029-0200, BioMaxima,
Lublin, Poland). The mixture (phosphotungstic acehd magnesium chloride)
precipitate chylomicrons, LDL and VLDL fractiongydileave HDL cholesterol fraction
soluble in supernatant. Then, the colorimetric difiaation of serum HDL cholesterol
fraction proceeded as total cholesterol measurenndiita colored complex is formed.
The resulting color is proportional at 550 nm te #mount of HDL cholesterol fraction
present in serum.

Test reagents:

A HDL solution (1.3 mmol/l) is used as standardusioh. Precipitating reagent is
composed 1.0 mmol/l phosphotungstic acid, 50 mmidgnesium chloride, and
6.94 mmol/l sodium benzoate. Cholesterol reagertormposed of 50 mmol/l MES
buffer (pH 6.4), >0.4 kU/I cholesterol esterase,1U/| cholesterol oxidase, >1.5 kU/I
peroxidase, 4 mmol/l phenol, 0.3 mmol/l 4-amingayrine, 25 mmol/l magnesium
sulphate, and 7 mmol/l sodium cholate.

Procedure:

In two vials, 500 pl of serum and 500 pul of staddaere each mixed with 500 pl
of Precipitating reagent. After they were let targt for 20 minutes in room
temperature, mixtures were centrifuged at 4800The carefully collected supernatant
was then subjected to the previous method of tchalesterol measurement, where
50 pl of sample and standard supernatant were mixdad/o cuvettes with 1 ml of
cholesterol reagent. After 10 minutes incubatiomomtm temperature, the OD of the

sample and standard were measured against a lilabk am.
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Calculation:
The concentration of serum HDL was calculated atiogr to the equation:
HDL (mmol/l) = (OD sample / OD standard)standard concentration.

3.5.6. Serum aminotransferases activities

Both aminotransferases (ALT and AST) were deterthim®lorimetrically
according to the method described by Reitman aadkel (148).

3.5.6.1. Serum alanine aminotransferase (ALT)
ALT [E.C. 2.6.1.2.] activity was determined usingpBRbo kit (Cat. No. 92027,

Biolabo reagents, Maizy, France) according to #gaetion equation:

2-oxoglutarate + L-alanine $ L-glutamate + pyruvate

The ALT catalyses the transfer of an amino groupmfr alanine to
2-oxoglutarate, producing a pyruvate molecule. Pheduced pyruvate reacts with
2,4-dinitrophenyl hydrazine in an alkaline medium produce 2,4-dinitrophenyl
hydrazone, which has brown color. The color intgrisas absorbance at 505 nm, which
is proportional to the ALT activity in the reactiomxture.

Test reagents:

Substrate solution contains 2 mmol/l 2-oxoglutgr&@0 mmol/l L-alanine and
100 mmol/l phosphate buffer (pH 7.5). Color reagertntains 1 mmol/l
2,4-dinitrophenyl hydrazine and 1 mol/l hydrochtoacid (HCL). Alkaline solution
consists of 0.4 mol/l sodium hydroxide (NaOH).

Procedure:

After reagents and serum were let to warm in roemperature, 1 ml of substrate
solution was incubated for 5 minutes af@#n waterbath. Then, 200 pl of serum was
added, mixed and incubated af@7n waterbath. After 30 minutes, 1 ml of the color
reagent was added, and the color was allowed teloevat room temperature for
20 minutes at room temperature before adding 5fralkaline solution. The OD of the
resultant color was measured at 505 nm againsen¢ddank after 5 minutes.
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Calculation:

The ALT activity of each sample was calculatedrdsrhational Units (IU)/I from
the standard curve. This standard curve was pldijethe use of standards provided
within the kit (standard units against their absoide at 505nm). Figure 17 represent

the ALT standard curve used in this study.

ALT standard curve
350 4

300 A
250
200 A
150 4

100 4

ALT activity (UI/L)
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0 0.2 0.4 0.6
Absorbance at 505nm

Figure 17: ALT standard curve

3.5.6.2. Serum aspartat@aminotransferase (AST)
AST [E.C. 2.6.1.1.] activity was determined usinglBbo kit (Cat. No. 92025,
Biolabo reagents, Maizy, France). The colorimetietermination of serum AST

activity was done according to the reaction equatio

AST
2-oxoglutarate + L-aspartate L-glutamate + oxaloacetates

The AST catalyses the transfer of an amino groupmfraspartate to
2-oxoglutarate, producing an oxaloacetate molectite. produced oxaloacetate reacts
with 2,4-dinitrophenyl hydrazine in an alkaline med to produce 2,4-dinitrophenyl
hydrazone, which has brown color. This color inigntas absorbance at 505 nm,
which is proportional to the AST activity in theaion mixture.

Test reagents:

Substrate solution contains 2 mmol/l 2-oxoglutgra@ mmol/l L-aspartate and
85 mmol/l phosphate buffer (pH 7.5). Color reagattains 1 mmol/l 2,4-dinitrophenyl
hydrazine and 1 mol/l HCL. Alkaline solution corsi$ 0.4 mol/l NaOH.

Procedure:

After reagents and serum were let to stand in reemperature, 1 ml of substrate
solution was incubated for 5 minutes af@#n waterbath. Then, 200 pl of serum was
added, mixed and incubated af@7n waterbath. After 60 minutes, 1 ml of the color

reagent was added, and the color was allowed teloevat room temperature for
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20 minutes at room temperature before adding of 6fiNaOH solution. The intensity
of the resultant color was determined at 505 nninajgeagent blank after 5 minutes.
Calculation:

The AST activity for each sample was calculatedisfrom the standard curve.
This standard curve was plotted by the use of stasdprovided within the Kit.
(standard units against their absorbance at 505kigure 18 represent the AST
standard curve used in this study.

AST standard curve
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AST activity (IU/L)
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Absorbance at 505nm

Figure 18: AST standard curve

3.5.7. Serum gamma-glutamyltransferase (GGT)

GGT [E.C. 2.3.2.2.] activity was determined kinatig according to the method
described by Szasz (171) using BioMaxima kit (Q¥b. 1-228-0060, BioMaxima,
Lublin, Poland). The kinetic determination of GGdtiaity was done according to the

reaction equation:

L-y-glutamyl-3-carboxy-4-nitroanilid + glycylglycine L

L-y-glutamyl-glycylglycine + 5-amino-2-nitrobenzoate

The GGT catalyses the transferyeglutamyl group fromy-glutamyl-3-carboxy-4-
nitroanilid to glycylglycin. The increase of absante at 405 nm due to yellow color of
5-amino-2-nitrobenzoate is proportional to the G&&Tivity in the reaction.

Test reagents:

Test Solution reagent contains 138 mmol/l glycydghe, and 138 mmol/l TRIS
buffer (pH 8.25), 22 mmol/l k-glutamyl-3-carboxy-4-nitroanilide, and 20 mmol/l
MES buffer (pH 6).
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Procedure:

To 1 ml of Test Solution, 100 pul of serum was addadked in cuvette. The
cuvette was incubated in ¥Din thermostat, and after 1 minute, the initid@ibance at
405nm against air was recorded. The absorbancengsadere repeated at 60 seconds
intervals for 3 minutes. Then, the average absadahange per minutdfA/min) was
calculated.

Calculation:
The GGT activity was calculated based on the falhgwormula:
GGT activity (U/l)= (Vt x 10°) / (e x | x V/s) x AA/min
Vt —Total reaction volume = 1.10 ml
|  —Path-length of the cuvette =1 cm
e — Molar absorbance of 5-amino-2-nitrobenzoate at 465
= 950 nf/mol
Vs —Sample volume = 0.10 ml
GGT activity (U/l)= (1.10x 10°) / (950% 1 x 0.10)x AA/min
= 1158 x AA/min

3.6. Hepatic apoptotic tests

3.6.1. Hepatic samples preparation:

A whole cell protein extraction buffer was prepasegtording to Le Minh et al.
(102) for caspase 3 and cytochrome c extractioverLiissue was homogenized by a
Dounce homogenizer, in 1 ml lysis buffer containit§ mmol/l Tris (pH 7.5),
10 mmol/l NaCl, 1 mmol/l EDTA, 0.5% Triton X-100nd 0.2 mmol/l phenylmethyl
sulfonyl fluoride (PMSF). Then, extract was incwdghfor 30 minutes on ice. Before
homogenization, a freshly prepared protease irdribitocktail containing 0.5 mg
leupeptin, 1 mmol/l dichlorodiphenyltrichloroetha(®@DT), 1 mmol/l ethylene glycol
tetraacetic acid (EGTA) and 0.5 mg trypsin inhibitowas added to the buffer. The
homogenate was centrifuged at 100@Dfor 15 minutes at°€C. The supernatant was
saved as whole protein fraction of hepatic tissue.

Low salt radioimmunoprecipitation assay (RIPA) leufivas prepared for p53
protein preparation according to p53 pan enzymetnmmunosorbent assay (ELISA)
kit (Roche Diagnostic) with some modification. Livextracts were prepared by
detergent lysis containing 20 mmol/l Tris, 0.5 m&DTA, 0.1% Triton X-100,
0.5% sodium deoxycholate, and 0.05% sodium dodexyfate (SDS). Before
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homogenization, a freshly prepared 2 pg/ml Leupeptid 1 mmol/l PMSF was added
to the buffer. While, samples were placed on iceglime of RIPA buffer was added to
liver tissue. Using a Dounce homogenizer, livesuesswas homogenized. Then, extracts
were centrifuged at 10008g for 10 minutes at°€C. The supernatant was used to
estimate hepatic p53 concentration.

Protein concentrations of liver extracted samplesewdetermined using the
Biuret protein assay (Biolabo kit, Cat. No. 800B#plabo reagents, Maizy, France)

with bovine serum albumin (6 g/dl) as standard.

3.6.2. Hepatic caspase-3 activity:

Caspase-3 was determined colorimetrically usingrapiate reader according to
the method described in Assay designs/Stressgd&it No. 907-013, Assay designs,
USA). The colorimetric determination of liver caspa3 activity was conducted
according to the following reaction.

Caspase-3

Ac-Asp-Glu-Val-Asp-CO- HN O.\It)g \—jb Ac-Asp-Glu-Val-Asp-CO>H

+

Hg.\l _Q_\IUE

Colored Product, #=405nm

Colorless Substrate

Active Caspase-3 enzyme which is present in livembgenate, cleaves the
colorless substrate of acetyl-Asp-Glu-Val-Asp-padinilide (Ac-DEVD-p-NA), to
release yellow p-nitroanilide (p-NA) that can beaswred by absorbance at 405 nm.
One unit of caspase-3 activity was defined as theumt of enzyme needed to convert
1pmol of colorimetric substrate per minute afG0
Test reagents:

Standard reagents were consisting of serial coret@m of desiccated caspase-3
enzyme. Calibrator reagent contains a solution @f gnol/l p-NA in Caspase-3
Reaction Buffer. Active Caspase-3 Reaction Buffentains 4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES) buffer frgshhixed with desiccated
dithiothreitol (DTT). Caspase-3 Colorimetric substr solution was mixed freshly in

active Reaction Buffer. Stop Solution consists afidl/l HCI.
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Assay Procedure

Standards, blank, calibrator and samples were edsayduplicate in clean half-
area Microtiter Plate. Blank wells were filled wii® pl of Active Caspase-3 Reaction
Buffer, while calibrator wells were filled with 125l of p-NA Calibrator. Fifty pl of
Standards (1000, 500, 250, 125 and 62.5 U/ml) 5@ndl of liver homogenate samples,
equivalent to 10Qug protein, were pipetted into empty wells.

Into each well, except the p-NA Calibrator well§, Il of Caspase Colorimetric
Substrate was added. The plate was mixed gentlered with a sealer, and then
incubated for 3 hours at 37°C. At the end of theo8rs, a 1Qul of Stop Solution was
added into each well, including the p-NA Calibrateells. The OD of microplate
content was read at 405 nm, against the blank.

Calculation:

The concentration of caspase-3 enzyme in standdutiens was determined by
the amount of p-NA released, through correlatiothya-tNA calibrator OD. The actual
concentration of active caspase-3 standard wastif@drby comparison of the OD of
standards with OD of p-NA calibrator. To calculatge concentration of active
caspase-3 in the samples, the average OD of eactlasti and sample was subtracted
from blank. Then, the activity of caspase-3 in s®pvas obtained from standard

curve.

Caspase-3 standard curve
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0.300 4
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0.000

0 200 400 600 500 1000 1200 1400

Caspase-3 concentration (U/ml)

Figure 19: Caspase-3 standard curve
The standard curve plotted the average OD for estahdard versus actual
concentration of active Caspase-3 for the stand&idsire 19 represents the caspase 3
standard curve used in this study. The concentratiactive Caspase-3 in the samples
can be determined by interpolation.
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3.6.3. Hepatic cytochrome c:

For the quantification of cytochrome ¢ concentratio whole liver cells extract,
a photometric two-steps-enzyme immunoassay was. Udegl results were read by
microplate reader according to the method of Cyimele ¢ Protein Quantity
Microplate Assay MitoSciences kit (Cat. No. MSAMitoSciences, Oregon, USA).

The assay is based on a quantitative sandwich EL[8#ciple, where
cytochrome c is immune-captured within the microphaells, and its concentration is
determined by adding a cytochrome c specific adffboonjugated with horseradish
peroxidase (HRP), where peroxidase changes theimglsubstrate from colorless to
blue.

Test reagents:

The kit contains a 96-well microplate with a momoal antibody pre-bound to
the wells of the microplate. It also contains tleguired reagents; sample buffer,
detergent, blocking solution, wash buffer, deteetatibody, development solution, and
HRP label solution.

Sample Preparation

Liver whole cell protein extracts were re-suspenishesample buffer to the same
concentration (1 mg/ml). One tenth volume of detatgwas added and mixed with
samples, and then 9 volumes of blocking solutioneveglded to each sample. Samples
were centrifuged at 20008g for 20 minutes. The supernatant was then cayefull
collected, and used as sample for the test.

Assay Procedure

Buffer control (200ul of blocking solution) was used as a backgrouridremce,
and 200ul of each diluted sample was added to each welé microplate was then
covered and incubated for 3 hours at room temperatlihe bound monoclonal
antibody has immobilized the cytochrome c in thdsv&mptying the wells, by quickly
turning the plate upside down and shaking out anyaining liquid, then each well was
washed by 30@ of washing solution. Detection solution (2Q0) was added to each
well, and the plate was covered once again andbated for 1 hour at room
temperature. Again, the wells of the plate were teedpand washed each with 3@I0of
washing solution. The wells again were emptied, thed 20Qul of HRP Label solution
were added to each well. Then, the plate was cdwvaend incubated for 1 hour at room
temperature. The wells were emptied again, and e@chshtimes by adding 30d of
washing solution to each well. The wells were themptied and 20Ql of development
solution was added to each well. The reaction wappgd after 10 minutes by the
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addition of 100ul of 1.5 mol/l HCI to each well and then measure é&mdpoint OD at
450 nm. The quantity of cytochrome ¢ was expressgd/ml.

3.6.4. Hepatic p53:

For the quantification of p53 in liver cell homogees, a photometric one-step-
enzyme- immunoassay was used. The results werebseadcroplate reader according
to the method of p53 pan ELISA kit (Cat. No. 11 001, Roche Diagnostics,
Warsaw, Poland).

The assay is based on a quantitative sandwich Elg8#ciple (as shown in
Figure 20). The biotin-labeled capture antibodyrs-bound to the streptavidin-coated
Microtiter plate. In one single incubation stepe {#63-containing suspension (sample or
standard) reacts with capture antibody and pergeid@abeled detection antibody to
form a stable immuno-complex. The peroxidase boimdhe complex react with
tetramethylbenzidine (TMB) as color substrate depelg a color, which can be
measured at 450 nm. This photometrically determioelbr is proportional to the

concentration of p53.

HRP-Linked Ant bidy/

- HRP
\ |'I T™MB
J J Substrate
Detection
Antibody /\ #***ﬁ
¥

<»

Capture Antibody

Sandwich ELISA

Figure 20: Sandwich ELISA (one-step-enzyme- immunasay)(39)

Test reagents:

Streptavidin coated Microtiter plate was pre-coatéth monoclonal from mouse
anti-p53-biotin. The kit contains polyclonal antirfhan-p53 antibody from sheep
labeled with pan-peroxidase, human p53 standard@830pg/ml), incubation buffer,
washing buffer, TMB color substrate solution, atdpSsolution.

Assay Procedure
In duplicate, 100 pl of standards and samples adilut incubation buffer were

pipetted very carefully into the wells coated wéhti-p53-biotin (capture antibody).
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Then, 100 ul of anti-p53-pan-peroxidase (detecsintibody linked with HRP enzyme)
were added to all wells. The plate was then coveaed incubated for 2 hours at
15-25°C on a 300 rpm shaker. After 2 hours, welitent was removed thoroughly by
suction. Wells were rinsed five times with 300 padsking buffer, and then washing
solution was carefully removed. In order to devedopolor, 200 ul of the photometric
TMB substrate solution were added into the wellse again, the plate was covered
tightly and incubated 20 minutes at room tempeeatur a shaker at 300 rpm, protected
from light, thus the developed color is sufficidat photometric detection at 450 nm
within 5 minutes. Before reading the OD of devebbpelor, a 50 ul of stop solution
was added to each well. Then, the plate was inedifar 1 minute at room temperature
on the shaker at 300rpm.
Calculation:

The average of the double OD readings from stamsdsachples was calculated.
Then, a standard curve was constructed by plothiagaverage OD values of standards
versus the p53 standard concentrations.

p53 standard curve

2.5
2.0
1.5 4
1.0

05 4

Optical absorbance at 450nm

0.0
0 500 1000

p53 concentration (pg/ml)

Figure 21: p53 standard curve
Sample concentrations then was determined fronpH®3estandard curve. Figure
21 represents the p53 standard curve that was iastds study. Then, sample p53
concentration was divided on sample protein comagaoh, and results were expressed

as p53 pg/mg protein.
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3.6.5. Hepatic DNA electrophoresis:
DNA fragmentation assay

Hepatic DNA was isolated and purified by AxyPrep [t¥ource Genomic DNA
Miniprep Kit (Cat No. AP-MN-MS-GDNA-50, Axygen Biasences, Union City,
USA). The isolation employed a special kit's lybigffer and proteinase K to release
genomic DNA efficiently from other biologic matelsa Contaminating proteins,
pigments, carbohydrates and lipids were separated the genomic DNA by unique
two—phase partition. Then the free genomic DNA Wwasind to a special AxyPrep
column, where residual impurities and salt wereaesd. After washing and desalting,
the purified DNA was eluted in a Tris buffer.

Frozen liver tissue (20 mg) was homogenized by atan@nd pestle in liquid
nitrogen and 65Qu lysis buffer and 0.9l of ribonuclease A (RNase A) was added
during homogenization. Then, the homogenate wdeatetl and incubated at 65°C for
5 minutes. Samples were then centrifuged at 12@Dfbr 2 minutes to clarify the cell
homogenate. To the supernatant, 40@hase-partition buffer (pre-chilled t6@&) was
added twice, mixed by vortex at top speed for 3@sds, then centrifuged at 120809
for 2 minutes.

The blue upper phase was then aspirated off as machossible, while the
colorless clear lower phase (containing DNA) wassferred to a Spin-filter in a 2 ml
Microfuge tube and centrifuged for 1 minute at 128@. Then, the filter discarded and
400 pl of DNA binding buffer was added to the flow-thghy mixed by repeated
inversion. The whole binding mixture was then tfarred to Miniprep column, and
then centrifuged at 12000g for 1 minute. By this step, DNA was entrappeddes
Miniprep column.

The filtrate was discarded, and then the column®weashed by 500l of Wash
buffer and centrifuged at 1200y for 1 minute. Then, columns were washed again
twice by 700ul alcoholic desalting buffer and centrifuged at @@&g for 1 minute. In
order to elute purified samples’ DNA, the Minipreplumns were transferred into a
clean tube, and 108 of pre-warmed 2.5 mmol/l Tris-HCI (pH 8.5) bufferas added.
After 1 minute stand at room temperature, samplieinces were centrifuged for
1 minute at 120089 to collect DNA content.
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Measurement of DNA concentration

The DNA concentration was measured by spectrophettoen estimation, as
nitrogenous bases absorb UV light, the more conata the DNA solution, the more
UV light it will absorb. The samples were diluted:50) in diethylpyrocarbonate
(DEPC) water in specific cuvettes, then the optataorbance at 260 nm was measured
against blank (DEPC water).

The concentration of pure double-stranded DNA veth optical absorbance at
260 nm of 1.0 is 50 mg/ml. In addition, the ratibreadings at 260 nm and 280 nm
provides an estimate of purity of the nucleic aoiévoid contamination with protein or
phenol, where DNA absorbance at 260 / absorban28(at 1.8 + 0.15. The following
formula is used to determine the DNA concentratiba solution:

DNA concentration (mg/ml) = 50 mg/mlOD at 260 nmx dilution factor

3.6.6. DNA electrophoresis and DNA ladder imaging

The purified DNA was loaded onto a 2% agarosemél5% TBE buffer (89 mM
Tris, 80 mM boric acid, and 0.2 mM EDTA, pH 8.0hdl'gel with DNA fragments was
stained with ethidium bromide after electrophoré&®0 V / 90 mA, 45minutes) with a
100-1000 bp standard DNA ladder maker (InvitrogeA, USA). A picture of gel was

taken under UV light to image the DNA migration dadder formation.

3.7. Statistical analysis

Collected and calculated data were coded and edyiforior to computer data
entry. Grubb's test was used to identify the ordligl4). Descriptive statistics were
applied; mean, standard deviation (SD) and stanelaad of the mean (SEM). Test of
homogeneity was done using F test for equal vaesndests of significance were
applied to test null hypothesis, student t teshfmmogenous data, while Mann-Whitney
test for non-homogenous data.

Groups were compared to normal group values. phelue of each group
difference to normal group was listed in tablesetbgr with mean + SEM values.
Groups were presented as box and whiskers: miratqg which gives indication of data
mean, median and distribution. Correlations weralyaed by Spearman rank
correlation test, only significant correlation wagsented in table, in form of Spearman

r value ando value. Ap value of less than 0.05 was considered statisficanificant.
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Statistical analysis and Graphic presentation weeeformed using the statistical

program GraphPad Prism 5.

3.8. Instruments

Instruments used were compact shaker (Lab Dankéy, Germany), benchtop
pH meter (SevenEasy pH, Mettler Toledo, SwitzerlatdlV-VIS spectrophotometer
(Varian CARY-100 BIO, Maryland, United States), mmestat (TS-92, EMCO,
Poland), waterbath (MLL147, AJL electronic, Polgnaialytical balance (RADWAG
WPA 60/k, Radom, Poland), microplate reader (Hunaamieke HS Microtiter Plate
Reader, Human GmbH, Germany), microplate washemg@ieash, human GmbH,
Germany), high speed brushless centrifuge (MPW-358IRW Med Instruments,
Poland), waterbath shaker (type 357, ELPIN+, Pglamaimogenizer (Ultra-Turrax T18
basic IKA, Germany), and -80 deep freezer (HERAfreeze, Heraeus, Germany).

In addition, for DNA electrophoresis: UV-photometéBiometra Gene Ray,
Gottingen, Germany), gel casting and electrophsrapparatus (Bio-Rad, Richmond,
CA), benchtop UV transilluminator (Herola UVT - 1IM), photocamera with dark

chamber, and Zoom Browser EX program were used.
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4. Results
4.1. Body and organs weight

This study was done on 90 male Waster rats. Ssxwatre administered filtered
tap water for seven subsequent days, and they eemdered a normal control group
(NC). The remaining 84 rats (6 rats per group) veengected to fluvastatin toxic doses
ranging from 25 to 100 mg/kg/day for 7 days, witid avithout simultaneous treatment
by silymarin (140 mg/kg/day) or DDB (100 mg/kg/daynimals’ body weight was
recorded from the first day of the experiment te thay they were sacrificed (th& 7
day). Liver and kidneys weight were also recordedime of scarification, and their
weight ratio to body weight was calculated.

Animals’ survival rate was 100% in all groups, excin highly toxicated group
with 100 mg/kg/day fluvastatin without treatmentlamith silymarin was 6/8 (75%).

The results of groups IlI-A (rats received onlysiarin) and 1V-A (rats received
only DDB) did not show any significant differenceorin normal control group, thus
they were not presented in the results.

4.1.1 Body weight difference

Although animals were freely admitted to standanéve diet for 7 days, rats
receiving fluvastatin toxic doses had showed a tngaffect on rats’ body weight
starting from the smallest toxic dose. In F-25 r#te body weight gain had decreased
insignificantly by 37%, when compared to normalugyoRats started progressively to
loss body weight significantly instead of gainiag,the fluvastatin dose increased to 50,
75 and 100 mg/kg/day. (Table 1a and Figure 21 A)

Table 1-a: Rats’ body weight difference in normal goup, and groups toxicated

with gradual doses of fluvastatin for 7 days.

The body weight  significance
difference (Q) (p value)
Mean + SEM versus NC

Normal group | NC 0 mg/kg/day | +27.67 £2.28

F-25 25 mg/kg/day +17.50 £ 3.82  ns (0.0649)
Fluvastatin F-50 50 mg/kg/day -3.67 £5.49 *(0.0064)
toxicated
groups F-75 75 mg/kg/day -14.00 £ 6.80 (0.0022)
F-100 | 100 mg/kg/day -21.83 £ 2.96 *(0.0022)

*: Significant difference from normal control. Ns: No significant difference from normal control

When silymarin was given simultaneously with flutedis toxic doses, the weight

Animal Fluvastatin
Groups dose for 7 days

gain in FS-25 rats was 49% of normal, and it was tban the weight gain recorded in
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F-25 rats by 14%. In FS-50 rats, the weight gais wly 9% of normal, but it was still
weight gain rather than weight loss as recordeé-f® group. Notably, the weight loss
in highly toxicated groups FS-75 and FS-100 wasenmonounced than in animals
receiving the same fluvastatin toxic doses alonable 1 a,b and Figure 21 B-E)

Table 1-b: Rats’ body weight difference in normal goup, and groups received

140mg/kg/day silymarin with gradual doses of fluvasitin for 7 days.

The body o
Animal Fluvastatin weight S'(gn\'/f;fl"j‘e”)ce
Groups dose for 7 days| difference (g) Vfrsus NC
Mean = SEM
Normal group NC 0 mg/kg/day +27.67 £ 2.28
FS-25 25 mg/kg/day | +13.67+4.40  *(0.0247)
Silymarin and | FS-50 50 mg/kg/day +2.67+5.94 *(0.0022)
fluvastatin
groups FS-75 75 mg/kg/day -20.83 £ 2.36 (0.0022)
FS-100 | 100 mg/kg/day | -23.00 +£6.82  *(0.0022)

* Significant difference from normal control. ns No significant difference from normal control

The Chinese drug, DDB, had showed effect that igemurotective in low
fluvastatin toxic doses than silymarin. The weigjain, in FD-25 rats was 61% of
normal group, nearly similar to the weight gainF#25 rats. In FD-50 rats, the weight
gain was 19% of normal, but it still was weightrgeather than weight loss as recorded
in F-50 group and was twice the weight gain in BS-bhe weight loss in highly
toxicated groups (FD-75 and FD-100) was less proced, when compared to animals
receiving fluvastatin toxic doses alone or evenmais receiving silymarin with
fluvastatin toxic doses. (Table 1 a,b,c and Figird3-E)

Table 1-c: Rats’ body weight difference in normal goup, and groups received

100mg/kg/day DDB with gradual doses of fluvastatifior 7 days.

. The body weight  significance
Animal Groups d F|U\]faStatl(;1 difference (g) (p value)
ose for 7 days Mean + SEM versus NC
Normal group NC 0 mg/kg/day +27.67 £ 2.28
FD-25 25 mg/kg/day +16.83 + 3.56 *(0.0370)
DDB and FD-50 50 mg/kg/day +5.17 £ 3.86 *(0.0022)
fluvastatin
groups FD-75 75 mg/kg/day -6.00 +7.22 (0.0022)
FD-100 | 100 mg/kg/day -9.67 £ 6.31 *(0.0022)

* Significant difference from normal control.
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Figure 22: Rats' body weight diffrence

A) in control group vs. fluvastatin toxicated with

and in control group vs. groups toxicated for 7 day
B) 25, C) 50, D) 75, E) 100 mg/kg/day fluvastatin,
without and with treatment (silymarin and DDB).

gradual doses groups,
s with

F X

= rats received X mg/kg/day fluvastatin for 7 days

FS X = rats received for 7 days X mg/kg/day fluvastatin +140 mg/kg silymarin,
FD X = rats received for 7 days X mg/kg/day fluvastatin + 100mg/kg DDB
*Significant difference when compared to normal group
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4.1.2 Liver weight ratio

Relative liver weight decreased in F-25 rats whemgared to normal group,
however relative liver weight showed a gradual éase as fluvastatin dose increased.
In groups treated with silymarin, the relative liwgeight tended to decrease in highly
toxicated groups (FS-75 and FS-100). While, in Dibdated groups, the relative liver
weight was normal in all groups. (Table 2)

Table 2: Rats’ relative liver weight in normal group, and groups toxicated with
gradual doses of fluvastatin (without and with 140ng/kg/day silymarin or
100 mg/kg/day DDB treatment) for 7 days.

Relative liver =~ Significance

4 (p value)
weight (%) Versus

Mean + SEM NC
Normal group NC 0 mg/kg/day | 4.22 +0.12
F-25 25 mg/kg/day | 3.27 £0.19 *(0.0081)
Fluvastatin F-50 50 mg/kg/day | 3.32+0.37 = ns(0.1481)
toxicated groups| F-75 75 mg/kg/day | 3.60 £0.38 ns (0.1081)
F-100 | 100 mg/kg/day| 4.02 +0.20 ns (0.5745)
FS-25 | 25 mg/kg/day | 4.67 £0.14  ns(0.0627)
Silymarin FS-50 | 50 mg/kg/day | 3.87 £0.28  ns(0.1727)
and ;'r‘(‘)‘ﬁ";fsta“” FS-75 | 75 mglkg/day | 3.43+0.17 | *0.0129)
FS-100 | 100 mg/kg/day| 3.25+0.24 *(0.0101)
FD-25 | 25 mg/kg/day | 4.40 +£0.13 ns (0.3350)
DDB FD-50 | 50 mg/kg/day | 4.03 +£0.39 ns (1.0000)
and g'r‘éﬁssta“” FD-75 | 75 mglkg/day | 3.95+0.18 = ns (0.1727)
FD-100 | 100 mg/kg/day| 4.18+0.22 = ns(0.7479)

* Significant difference from normal control. ns No significant difference from normal control

Fluvastatin

Animal groups dose for 7days
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4.1.3 Kidneys weight ratio
Relative kidneys weight was normal in nearly albups, especially in animals
treated with DDB. However, in F-100 group and F$,1@ significant increase in

relative kidneys weight was recorded. (Table 3)

Table 3: Rats’ relative kidneys weight in normal goup, and groups toxicated with
gradual doses of fluvastatin (without and with 140ng/kg/day silymarin or
100 mg/kg/day DDB treatment) for 7 days.

| E?;atiVe Significance

. Fluvastatin idneys (p value)

Animal groups dose for 7days| weight (%) versus
Mean * SEM NC

Normal group NC 0 mg/kg/day | 0.92 +0.04
F-25 25 mg/kg/day | 0.88+0.03 @ ns(0.5536)
Fluvastatin F-50 50 mg/kg/day 1.02 £ 0.07 ns (0.3682)
toxicated groups| F-75 75 mg/kg/day | 0.95+0.05 ns(0.6775)
F-100 | 100 mg/kg/day| 1.18 +0.04 *(0.0047)
FS-25 25 mg/kg/day | 0.85+0.02 ns (0.2324)
Silymarin FS-50 | 50 mg/kg/day | 0.90+0.04  ns(0.7980)
and fluvastatin
groups FS-75 75 mg/kg/day | 0.95+0.05 ns(0.6775)
FS-100 | 100 mg/kg/day| 1.06 +0.02 *(0.0273)
FD-25 25 mg/kg/day | 0.92+0.06 @ ns(0.8015)
DDB FD-50 50 mg/kg/day | 0.88+0.05 @ ns(0.6313)
and fluvastatin
groups FD-75 75 mg/kg/day | 0.95+0.04 ns (0.6734)
FD-100 | 100 mg/kg/day| 0.98 +0.06 ns (0.5082)

* Significant difference from normal control. ns No significant difference from normal control
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4.2. Biochemical results

4.2.1. Blood glucose

Fluvastatin liver toxicity caused a significant cegse in serum glucose level to
60-70% glucose level recorded in normal group. fhneat with silymarin helped to
maintain glucose level within normal range only flatvastatin lowest toxic doses
(FS-25 and FS-50). At FS-75 and FS-100, silymammlat not stop the glucose
decrease, as it significantly decreased nearlp% Bormal level.

DDB treatment significantly attenuated the glucalexrease only in FD-25
group. While, in FD-50 and FD-75 groups, serum ghgclevel decreased significantly
to 73 and 61% normal level. Notably, serum gludesel in FD-100 was increased to

normal values. (Table 4 and Figure 22)

Table 4: Rats’ serum glucose concentration in normagroup, and groups toxicated
with gradual doses of fluvastatin (without and with 140 mg/kg/day
silymarin or 100 mg/kg/day DDB) for 7 days.

Glucose o
Animal aroups Fluvastatin (mmol/l) S'(g”\'/glcl‘j‘er;ce
droup dose for 7days| Mean * Ve'?sus NC
SEM
Normal group NC 0 mg/kg/day | 8.82%0.65
F-25 25 mg/kg/day | 5.97 £0.45 @ *(0.0049)
Fluvastatin F-50 50 mg/kg/day | 6.24 +0.49 @ *(0.0103)
toxicated
groups F-75 75 mg/kg/day | 5.58 +0.73 (0.0080)
F-100 | 100 mg/kg/day| 5.31+0.87 @ *(0.0090)
FS-25 25 mg/kg/day | 8.19 £0.91 ns (0.5892)
Silymarin FS-50 50 mg/kg/day | 7.30 £0.22 ns (0.0712)
and fluvastatin
groups FS-75 75 mg/kg/day | 4.41 +0.17 (0.0013)
FS-100 | 100 mg/kg/day| 4.42 +0.54  *(0.0007)
FD-25 25 mg/kg/day | 8.48 +0.38 ns (0.6685)
DDB FD-50 50 mg/kg/day | 6.44 £0.48  *(0.0152)
and fluvastatin
groups FD-75 75 mg/kg/day | 5.39 +0.74 (0.0061)
FD-100 | 100 mg/kg/day| 7.12 +0.81 @ ns (0.1332)

* Significant difference from normal control.

ns No significant difference from normal control
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Figure 23: Rats' serum glucose concentration
A) in control group vs. fluvastatin toxicated with gradual doses groups,
and in control group vs. groups toxicated for 7 day s with
B) 25, C) 50, D) 75, E) 100 mg/kg/day fluvastatin,
without and with treatment (silymarin and DDB).

F X = rats received X mg/kg/day fluvastatin for 7 days

FS X = rats received for 7 days X mg/kg/day fluvastatin +140 mg/kg silymarin,
FD X = rats received for 7 days X mg/kg/day fluvastatin + 100mg/kg DDB
*Significant difference when compared to normal group
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4.2.2. Serum protein profile:
4.2.2.1. Total protein

Total Protein concentrations were in all groupswalized, except in one group
F-25 increased by 30% of the normal value. In fa¢mted simultaneously with
silymarin (FS-25) and DDB (FD-25) with 25 mg/kg/dfyvastatin for 7 days, total
protein concentration significantly decreased by30Ban F-25. (Table 5)

Table 5: Rats’ serum total protein concentration innormal group, and groups

toxicated with gradual doses of fluvastatin (withott and with

140mg/kg/day silymarin or 100 mg/kg/day DDB) for 7dys.

Total
: protein Significance
Animal groups dFIuv]:':l stagn (g/dl) (p value)
ose for 7days Mean + versus NC
SEM
Normal group NC 0 mg/kg/day 4.63 +0.23
F-25 25 mg/kg/day | 6.01 £0.40 @ *(0.0136)
Fluvastatin F-50 50 mg/kg/day | 4.83 £0.16  ns(0.4802)
toxicated
groups F-75 75 mg/kg/day | 4.63 £0.26 = ns (0.9963)
F-100 | 100 mg/kg/day| 4.78 +0.32 @ ns (0.7139)
FS-25 | 25mg/kg/day | 4.50 £0.08 ns (0.6188)
Silymarin FS-50 | 50 mg/kg/day | 4.94 £+0.16 = ns (0.2908)
and fluvastatin
groups FS-75 75 mg/kg/day | 4.47 £0.16 = ns (0.5817)
FS-100 | 100 mg/kg/day| 4.87 £0.11 = ns (0.4075)
FD-25 25 mg/kg/day | 4.58 £0.22 @ ns (0.8760)
DDB FD-50 50 mg/kg/day | 4.99 £0.28 @ ns (0.3361)
and fluvastatin
groups FD-75 75 mg/kg/day | 4.88 £0.07 = ns (0.3550)
FD-100 | 100 mg/kg/day| 4.84 +0.12  ns (0.4259)

* Significant difference from normal group.
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4.2.2.2. Albumin

Albumin concentration in groups toxicated with laleses of fluvastatin (F-25,
FD-25 and F-50, FS-50, FD-50) showed a tendenggdease, then albumin returned
to normal values at higher toxic doses (F-75, FSHB-75 and F-100, FS-100, FD-

100), weather rats received treatment or not. @&kdnd Figure 23)

Table 6: Rats’ serum albumin concentration in norma& group, and groups

toxicated with gradual doses of fluvastatin (withot and with

140mg/kg/day silymarin or 100 mg/kg/day DDB) for 7dys.

Albumin Sianifi
: Fluvastatin (g/dI) 'gnificance
Animal groups (p value)
group dose for 7days Mean * versus NC
SEM
Normal group NC 0 mg/kg/day | 2.49%0.07
F-25 25 mg/kg/day | 2.86 +0.13  *(0.0313)
Fluvastatin F-50 50 mg/kg/day | 3.02 +0.06 @ *(0.0002)
toxicated
groups F-75 75 mg/kg/day | 2.58 £+0.04 = ns (0.2940)
F-100 | 100 mg/kg/day| 2.32+0.11 ns(0.2064)
FS-25 25 mg/kg/day | 2.66 +0.09 = ns (0.1559)
Silymarin FS-50 50 mg/kg/day | 2.86 +0.10 @ *(0.0108)
and fluvastatin
groups FS-75 75 mg/kg/day | 2.47 +0.04 @ ns (0.7811)
FS-100 | 100 mg/kg/day| 2.50+0.16 @ ns (0.9470)
FD-25 25 mg/kg/day | 3.10 +0.09 = *(0.0005)
DDB FD-50 50 mg/kg/day | 2.88 +0.08 @ *(0.0042)
and fluvastatin
groups FD-75 75 mg/kg/day | 2.65+0.04 ns(0.0748)
FD-100 | 100 mg/kg/day| 2.49 +0.02 ns (0.9965)

* Significant difference from normal group.

63

ns Nosignificant difference from normal group.




Results

4-

w
1

Albumin (g/dl)
i
A
i

N
|

1 I I I I I
Control F 25 F 50 F75 F 100

— * *
e S ==
5 5
p— ~ ,%l
< - L=
> 2 =]
a 32
< <

1 1

Control F 25 FS25 FD25 Control F 50 FS50 FD50

. D . E
_
=3 =
S T
= k)
R == =
= £ - i === il -
= £ EE[
32 2] 3 2
< <

1 1

Control F 75 FS75 FD75

Control F 100 FS100 FD100

Figure 24: Rats' serum albumin concentration
A) in control group vs. fluvastatin toxicated with gradual doses groups, and
in control group vs. groups toxicated for 7 days wi th
B) 25, C) 50, D) 75, E) 100 mg/kg/day fluvastatin,
without and with treatment (silymarin and DDB).

F X = rats received X mg/kg/day fluvastatin for 7 days
FS X = rats received for 7 days X mg/kg/day fluvastatin +140 mg/kg silymarin,

FD X = rats received for 7 days X mg/kg/day fluvastatin + 100mg/kg DDB
*Significant difference when compared to normal group
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4.2.3. Serum lipid profile:
4.2.3.1. Cholesterol

Although fluvastatin inhibitsdenovo cholesterol synthesis, its toxic doses
showed no action on serum cholesterol profile xicated rats. Serum cholesterol was
normal in all groups, except in one group FD-25 dmlesterol concentration
significantly increased by 26% when compared tomabrgroup. However, as the
fluvastatin dose increased in groups treated wilbBD cholesterol concentration

returned to normal level. (Table 7)

Table 7: Rats’ serum cholesterol concentration in @armal group, and groups
toxicated with gradual
140mg/kg/day silymarin or 100 mg/kg/day DDB) for 7dys.

doses of fluvastatin (withott and with

. Cholesterol  significance
Animal groups FIuv?statln (mmol/l) (p value)
dose for 7days Mean + SEM | versus NC
Normal group NC 0 mg/kg/day 1.84 +0.06
F-25 25 mg/kg/day 1.77 +0.18 ns (0.7131)
Eluvastatin F-50 50 mg/kg/day 2.09 £0.31 ns (0.4678)
toxicated groups| F-75 75 mg/kg/day 2.05 +£0.15 ns (0.2298)
F-100 | 100 mg/kg/day| 2.09 +0.33 ns (0.4848)
FS-25 | 25 mg/kg/day 2.04 £0.24 ns (0.4634)
Silymarin FS-50 | 50 mg/kg/day 1.78 £0.08 ns (0.5313)
and fluvastatin
groups FS-75 75 mg/kg/day 1.95 +0.08 ns (0.3051)
FS-100 | 100 mg/kg/day| 1.89 +0.32 ns (0.8878)
FD-25 25 mg/kg/day 2.32+0.16 *(0.0186)
DDB FD-50 50 mg/kg/day 1.67 0.07 ns (0.0949)
and fluvastatin
groups FD-75 75 mg/kg/day 1.95 +0.17 ns (0.5708)
FD-100 | 100 mg/kg/day| 1.77 +0.18 ns (0.7280)

* Significant difference from normal group.
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4.2.3.2. Triglycerides

Serum triglyceride showed a tend to increase astdki fluvastatin dose
increased, however all values were significanthgslthan normal by 60, 35, 40, 30% in
F-25, F-50, F-75 and F-100 groups, respectivelgaiment with silymarin and DDB
normalized triglyceride concentration in groupsitaxed with 25mg/kg/day fluvastatin
(FS-25 and FD-25), where triglyceride value wasisicantly higher than F-25. Serum
triglyceride was recorded significantly lower thanrmal by nearly 50% in FS-100
group. On the other hand, in similar group treateétd DDB (FD-100) triglyceride level

was nearly normal. (Table 8 and Figure 25)

Table 8: Rats’ serum triglycerides concentration innormal group, and groups
toxicated with gradual doses of fluvastatin (withott and with

140mg/kg/day silymarin or 100 mg/kg/day DDB) for 7dys.

_ Fluvastatin Triglycerides  significance
Animal groups for 7d (mmol/l) (p value)
dose for 7days Mean + SEM | versus NC
Normal group NC 0 mg/kg/day 0.88 £0.10
F-25 25 mg/kg/day 0.34 £0.04 * (0.0009)
Fluvastatin F-50 50 mg/kg/day 0.57 +0.08 *(0.0332)
toxicated groups| F-75 75 mg/kg/day 0.53 +0.05 * (0.0086)
F-100 | 100 mg/kg/day 0.62 +0.08 ns (0.0668)
FS-25 25 mg/kg/day 0.62 +£0.08 ns (0.0679)
Silymarin FS-50 50 mg/kg/day 0.54 +0.05 * (0.0110)
and fluvastatin
groups FS-75 75 mg/kg/day 0.53 £0.04 (0.0069)
FS-100 | 100 mg/kg/day| 0.40 +0.09 * (0.0051)
FD-25 25 mg/kg/day 0.70 +0.07 ns (0.152%
DDB FD-50 50 mg/kg/day 0.56 +0.08 * (0.0253)
and fluvastatin
groups FD-75 75 mg/kg/day 0.55 +0.06 (0.0139)
FD-100 | 100 mg/kg/day| 0.61 +0.10 ns (0.0667)

* Significant difference from normal control.
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Figure 25: Rat's serum triglycerides concentration
A) in control group vs. fluvastatin toxicated with g radual doses groups,
and in control group vs. groups toxicated for 7 day s with
B) 25, C) 50, D) 75, E) 100 mg/kg/day fluvastatin,
without and with treatment (silymarin and DDB).

F X =rats received X mg/kg/day fluvastatin for 7 days

FS X =rats received for 7 days X mg/kg/day fluvastatin +140 mg/kg silymarin,
FD X =rats received for 7 days X mg/kg/day fluvastatin + 100mg/kg DDB

* significant difference when compared to notmal goup
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4.2.3.3. High density lipoprotein fraction (HDL)

HDL concentration showed significant increased Istarting from F-50.
Treating toxicated rats with silymarin and DDB, sad an increase in HDL level in
FS-25 and FD-25 when compared to similar groupiveag fluvastatin only (F-25).
Moreover, treatment with silymarin and DDB succekde lower HDL increase but
only at 50 mg/kg/day fluvastatin in FS-50 and FD-8Gble 9 and Figure 26)

Table 9: Rats’ serum HDL concentration in normal group, and groups toxicated
with gradual doses of fluvastatin (without and with 140 mg/kg/day
silymarin or 100 mg/kg/day DDB) for 7days.

HDL o
Animal Arouns Fluvastatin (mmol/l) S'?”\'/f;ffgce
group dose for 7days Mean + Vfrsus NC
SEM
Normal group NC 0 mg/kg/day 1.26+0.06
F-25 25 mg/kg/day | 1.05+0.10 @ ns(0.1697)
Fluvastatin F-50 50 mg/kg/day | 1.81 +0.17  *(0.0214)
toxicated
groups F-75 75 mg/kg/day | 1.79 +0.05 (0.0049)
F-100 | 100 mg/kg/day| 1.75+0.30 @ ns(0.3768)
FS-25 | 25mg/kg/day | 1.84 027 ns (0.0913)
Silymarin FS-50 | 50 mg/kg/day | 0.76 £0.11  *(0.0025)
and fluvastatin
groups FS-75 75 mg/kg/day | 1.60 £0.21 ns (0.3768)
FS-100 | 100 mg/kg/day| 1.80+0.31 & ns(0.1601)
FD-25 25 mg/kg/day | 1.47 £0.10 = ns (0.1096)
DDB FD-50 50 mg/kg/day | 0.65+0.06 @ *(<0.0001)
and fluvastatin
groups FD-75 75 mg/kg/day | 1.90 +0.5 ns (0.0559)
FD-100 | 100 mg/kg/day| 1.37 £0.13 = ns (0.4800)

* Significant difference from normal control.

ns No significant difference from normal control
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Figure 26: Rat's serum HDL fraction concentration
A) in control group vs. fluvastatin toxicated with gradual doses groups,
and in control group vs. groups toxicated for 7 day s with
B) 25, C) 50, D) 75, E) 100 mg/kg/day fluvastatin,
without and with treatment (silymarin and DDB).

F X =rats received X mg/kg/day fluvastatin for 7 days

FS X =rats received for 7 days X mg/kg/day fluvastatin +140 mg/kg silymarin,
FD X =rats received for 7 days X mg/kg/day fluvastatin + 100mg/kg DDB
*Significant difference when compared to normal group
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4.2.4. Serum liver enzymes profile:
4.2.4.1. Alanine aminotransferase (ALT):

When fluvastatin toxic dose increased, the levelAbT significantly increased
in rats toxicated with gradual doses of fluvastéin7 days. In F-25 and F-50 groups,
ALT level increased to nearly twice the normal grolevel (225 and 229%,
respectively). As the dose increased to 75 mg/kgftiavastatin (F-75), ALT level
increased 4 times (430%), and at 100 mg/kg/dayafitatin (F-100) ALT level doubled
to 8 times (786%) the normal level. (Table 10-a Bigiire 27A)

Table 10-a: Rats’ serum alanine aminotransferase (AT) activity in normal group,

and groups toxicated with gradual doses of fluvasta for 7 days.

Animal Fluvastatin AL/TI Significance
dose for 7days (/) (p value)
o y Mean + SEM = versus NC

Normal group NC 0 mg/kg/day 30.39 +5.65

F-25 25 mg/kg/day | 68.36 +6.65 | *(0.0043)
Fluvastatin F-50 50 mg/kg/day | 69.49 +22.54  ns (0.3095)

toxicated
groups F-75 75 mg/kg/day | 130.80 #43.23  *(0.0411)
F-100 | 100 mg/kg/day| 238.87 +42.82 *(0.0022)
* Significant difference from normal. ns No signifcant difference from normal

In rats receiving silymarin simultaneously withvastatin, the increase in ALT
level was suppressed to 1.5 times (151%) the nolewal in FS-25 group, thus ALT
level is 75% significantly less than F-25. As thavéstatin dose was doubled to 50
mg/kg/day (FS-50), the ALT level reached to neanlice (212%) normal value. As the
fluvastatin dose reached 75 mg/kg/day (FS-75),Ab€E level drastically increased to
11 times (1114%) normal level. This increase wgaicantly higher (by seven times)
than ALT recorded in similar group receiving onlyviastatin. ALT level decreased a
bit in FS-100, compared to FS-75, but it was stghificantly higher than normal level
by 7 times (670%). (Table 10-b and Figure 27A)
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Table 10-b: Rats’ serum alanine aminotransferase (IAT) activity in normal group,

and groups received 140 mg/kg/day silymarin with gadual doses of
fluvastatin for 7 days.

; ALT Significance
Animal groups Fluvastatin (1u/1 (p value)

dose for 7days Mean + SEM | versus NC
Normal group NC 0 mg/kg/day 30.39 +5.65

FS-25 | 25 mg/kg/day | 45.99 +3.53 *(0.0411)

Silymarin FS-50 | 50 mg/kg/day | 64.35+12.84  *(0.0260)
and fluvastatin

groups FS-75 | 75 mg/kg/day | 338.60 +26.99  *(0.0022)
FS-100 | 100 mg/kg/day| 203.50 +35.01  * (0.0043)

* Significant difference from normal control.

ns No significant difference from normal control

The ALT level, in DDB treated rats, had a differdrghavior than silymarin
treated groups. In rats receiving DDB while toxézhtvith fluvastatin, the ALT level
increased to nearly twice the normal value, and neasly steady in spite of fluvastatin

increasing dose. Notably, FD-75 showed a normal Adviel. (Table 10-c and Figure
27B-E)

Table 10-c: Rats’ serum alanine aminotransferase (AT) activity in normal group,

and groups received 100 mg/kg/day DDB with gradualdoses of
fluvastatin for 7 days.

. Fluvastatin ALT Significance
Animal groups

I/l (p value)
dose for 7days Mea(ni)SEl\/l versus NC

Normal group NC 0 mg/kg/day 30.39 +5.65

FD-25 | 25 mg/kg/day | 66.36 +7.73  *(0.0087)

DDB FD-50 | 50 mg/kg/day | 67.28 £15.13  *(0.0411)
and fluvastatin
groups FD-75 | 75 mg/kg/day | 48.90 +9.17  ns(0.1320)

FD-100 | 100 mg/kg/day| 76.30 +15.43 . *(0.0411)

* Significant difference from normal control.

ns No significant difference from normal control
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Figure 27: Rats' serum alanine aminotransferase (AL

A) in control group vs. fluvastatin toxicated with

gradual doses groups,

and in control group vs. groups toxicated for 7 day

B) 25, C) 50, D) 75, E) 100 mg/kg/day fluvastatin,

without and with treatment (silymarin and DDB).

T) activity

s with

FX

= rats received X mg/kg/day fluvastatin for 7 days

FS X = rats received for 7 days X mg/kg/day fluvastatin +140 mg/kg silymarin,
FD X = rats received for 7 days X mg/kg/day fluvastatin + 100mg/kg DDB
*Significant difference when compared to normal group
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4.2.4.2. Aspartate aminotransferase (AST):

AST level significantly increased more slowly thAhT as fluvastatin doses
increased. In F-25 group, AST level increased t8%The normal group level. As the
dose doubled to 50 mg/kg/day fluvastatin (F-50)TA8ached twice (229%) the normal
level, and as dose increased to 75 mg/kg/day (F-&S) level increased 4 times
(373%). At 100 mg/kg/day fluvastatin (F-100), ASGvél increased to only 473% the
normal level. (Table 11-a and Figure 28A).

Table 11-a: Rats’ serum aspartate aminotransferas€AST) activity in normal

group, and groups toxicated with gradual doses ofdvastatin for 7 days.

: AST Significance
Animal groups dFIUV? stagn (1u/1 (p value)
ose for 7days Mean + SEM | versus NC
Normal group NC 0 mg/kg/day | 112.30 +12.17

F-25 25 mg/kg/day | 194.07 £13.20  *(0.0043)

Eluvastatin F-50 50 mg/kg/day | 257.31 £52.52  *(0.0152)
toxicated groups F-75 75 mg/kg/day | 419.20 £68.15  *(0.0022)
F-100 | 100 mg/kg/day| 531.27 +46.88  * (0.0022)

* Significant difference from normal. ns No signifcant difference from normal

In rats receiving silymarin simultaneously fluvastaAST level increased twice
(191%) the normal level in FS-25 group, so it iased 18% when compared to F-25.
As the fluvastatin dose was doubled to 50 mg/kg(#&8¢50), the AST level reached to
nearly thrice (270%) normal value. Then, AST levaised to 5 times (506%) the
normal value at 75 mg/kg/day fluvastatin (FS-75)d at FS-100 AST was 4 times
(433%) the normal. (Table 11-b and Figure 28 B-E)
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Table 11-b: Rats’ serum aspartate aminotransferas¢AST) activity in normal
group, and groups received 140 mg/kg/day silymarirwith gradual

doses of fluvastatin for 7 days.

Fluvastatin AST Significance
Animal groups dose for 7davs (1u/1 (p value)
y Mean + SEM versus NC
Normal group NC 0 mg/kg/day | 112.30 #12.17
FS-25 | 25 mg/kg/day | 214.60 £12.11 * (0.0022)
Silymarin FS-50 | 50 mg/kg/day | 303.35 £54.42 * (0.0043)
and g‘;'rt(‘)‘ﬁssta“” FS-75 | 75 mg/kgiday | 568.00 +44.92 * (0.0022)
FS-100 | 100 mg/kg/day| 485.94 +61.35 * (0.0022)

* Significant difference from normal control. ns No significant difference from normal control

In DDB treated rats while toxicated with fluvastatAST level increased to 246,
206 and 282% the normal value in FD-25, FD-75 abdlBO0, respectively. Strangely,
the AST level recorded in FD-50 was higher thart ggsups, as it reached 4 times
(409%) the normal value. This indicate that ASThat group was 139% more than FS-
50, and significantly higher by 180% when compai@dr-50. (Table 10-c and Figure
27 B-E)

Table 11-c: Rats’ serum aspartate aminotransferas€AST) activity in normal
group, and groups received 100 mg/kg/day DDB withrgdual doses of

fluvastatin for 7 days.

Animal groups d(l):;v% Srtsggys ('IA\ US/-II; Sl(i]anxl/glcjg)ce
Mean + SEM | versus NC
Normal group NC 0 mg/kg/day | 112.30 +12.17
FD-25 25 mg/kg/day | 276.78 +48.08  * (0.0043)
DDB FD-50 50 mg/kg/day | 458.93 £71.28 *(0.0022)
and ;'r‘j)ﬁsstati” FD-75 | 75 mglkg/day | 231.60 +16.82  *(0.0043)
FD-100 | 100 mg/kg/day| 316.84 +53.61  * (0.0043)

* Significant difference from normal control.

74

ns No significant difference from normal control




Results

AST (IU/L)

AST (IU/L)

750 A
*
T-
+
j 5004
5 T * + J»
e *
2 250- + J»
e e
0 1 1 1 1 1
Control F 25 F 50 F 75 F 100
c
750 750+
*
500 ~—~ 5004
= * o+
T * ) - * il
* = =+
250 * % + 2 250 + 1T
== * = e
0 1 1 1 1 0 1 1 1 1
Control F 25 FS25 FD25 Control F 50 FS50 FD50
D E
750 750
T * * *
I N
500 g 500 4L —l— *
=+ J_ 2 J»
* = +
250] J» @ 2 250 J_
0 0
Control F 75 FS75 FD75 Control F 100 FS100 FD100

and in control group vs. groups toxicated for 7 day
B) 25, C) 50, D) 75, E) 100 mg/kg/day fluvastatin,
without and with treatment (silymarin and DDB).

s with

Figure 28: Rats' serum aspartate aminotransferase ( AST) activity
A) in control group vs. fluvastatin toxicated with gradual doses groups,

F X =rats received X mg/kg/day fluvastatin for 7 days

FS X = rats received for 7 days X mg/kg/day fluvastatin +140 mg/kg silymarin,
FD X = rats received for 7 days X mg/kg/day fluvastatin + 100 mg/kg DDB

*Significant difference when compared to normal group
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4.2.4.3. gamma glutamyltransferase (GGT):

As fluvastatin dose increased, GGT level increadedly. However, all GGT
values were significantly less than normal valueBBy 80, 85, and 58% in F-25, F-50,
F-75, and F-100 groups. Treating the toxicated watls silymarin and DDB, showed
GGT, but starting from 50 mddays
(FS-50 and FD-50). (Table 12 and Figure 29 A)

The lowest dose of Fluvastatin accompanied witiimgkin (FS-25) showed
high GGT level even higher than normal value by 25%atment with DDB (FD-25)

similar increase in Fluvastatin

showed nearly normal GGT level (90%). Interestingtyheavily toxicated rats FS-100,
the GGT increased until it nearly reached the nbralue. (Table 12 and Figure 29 B-
E)

Table 12: Rats’ serum gamma glutamyltransferase (G&) activity in normal
group, and groups toxicated with gradual doses ofidvastatin (without

and with 140 mg/kg/day silymarin or 100 mg/kg/day DB) for 7days.

GGT o
Animal aroups Fluvastatin (uny S'g”j;ffgce
group dose for 7days| Mean + V(frsus NC
SEM
Normal group NC 0 mg/kg/day | 18.11£3.09
F-25 25 mg/kg/day | 2.18 +0.39  *(0.0037)
Fluvastatin F-50 50 mg/kg/day | 3.54 +0.70  *(0.0059)
toxicated
groups F-75 75 mg/kg/day | 2.65 +0.64 (0.0045)
F-100 | 100 mg/kg/day| 7.57 +2.22  *(0.0380)
FS-25 25 mg/kg/day | 22.80 +1.99 ns (0.2305)
Silymarin FS-50 50 mg/kg/day | 2.05+0.32  *(0.0036)
and fluvastatin
groups FS-75 | 75 mg/kg/day | 2.16 +0.32 (0.0037)
FS-100 | 100 mg/kg/day| 16.16 +0.96 ns (0.6021)
FD-25 25 mg/kg/day | 15.81 +0.96 ns (0.5106)
DDB FD-50 50 mg/kg/day | 2.41 +0.55  *(0.0041)
and fluvastatin
groups FD-75 75 mg/kg/day | 2.99 +0.51 (0.0048)
FD-100 | 100 mg/kg/day| 4.38 +0.57  *(0.0072)

* Significant difference from normal group.
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Figure 29: Rats' serum gamma glutamyltransferase (G =~ GT) activity
A) in control group vs. fluvastatin toxicated with gradual doses groups,
and in control group vs. groups toxicated for 7 day s with
B) 25, C) 50, D) 75, E) 100 mg/kg/day fluvastatin,
without and with treatment (silymarin and DDB).

F X = rats received X mg/kg/day fluvastatin for 7 days

FS X = rats received for 7 days X mg/kg/day fluvastatin +140 mg/kg silymarin,
FD X = rats received for 7 days X mg/kg/day fluvastatin + 100 mg/kg DDB
*Significant difference when compared to noral group
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4.3. Hepatic apoptosis parameters

4.3.1. Hepatic Caspase-3

Fluvastatin lowest toxic dose 25 mg/kg/day (F-2%) dot affect hepatic
caspase-3 activity. However, as fluvastatin doseessed from 50 to 100 mg/kg/day
(F-50, F-75, F-100), caspase-3 activity showedgaiitant increased by nearly 50-
70%. (Table 13 and Figure 30 A)

When rats were treated with silymarin and DDB whilexicated with
fluvastatin, caspase-3 activity significantly inesed as fluvastatin dose increased,
except in FS-25 and FD-25. In groups FS-50, FS#tb ES-100, caspase-3 increased
significantly than normal level by 70, 100 and 90%spectively. On the other hand, in
FD-50, FD-75 and FD-100 groups, caspase-3 signifigancreased to 50-60% the
normal level. (Table 13 and Figure 30)

Table 13: Rats’ hepatic caspase-3 activity in normiggroup, and groups toxicated
with gradual doses of fluvastatin (without and with 140 mg/kg/day
silymarin or 100 mg/kg/day DDB) for 7days.

Fluvastatin Hepatic caspase-3  significance

Animal groups dose for 7days &g;zoilsrg?\al V(é;)rgﬁlsugc
Normal group NC 0 mg/kg/day 889.04 +134.31

F-25 25 mg/kg/day 887.77 £151.70 ns (0.9951)
Fluvastatin F-50 50 mg/kg/day 1311.84 £82.43 * (0.0260)

t‘;’;ff;id F-75 | 75 mgikgiday | 1488.69 +193.70 | *(0.0245)
F-100 | 100 mg/kg/day 1382.58 £136.15 *(0.0262)

FS-25 | 25 mg/kg/day 1303.51 £147.68 ns (0.0618)

Slymain  |"Fs50 | 50 mghkglday | 148165 +110.00  *(0.0066)
fluvastatin FS-75 75 mg/kg/day 1756.87 £101.27 * (0.0007)
groups FS-100 | 100 mg/kg/day| ~ 1684.80 +113.18  *(0.0010)
FD-25 25 mg/kg/day 1297.58 £125.26 ns (0.0503)

zﬁg FD-50 50 mg/kg/day 1314.43 £37.78 *(0.0225)

fluvastatin FD-75 | 75 mg/kg/day 1461.76 +83.78 * (0.0085)
groups FD-100 | 100 mg/kgiday|  1325.17 +144.90 | *(0.0495)

* Significant difference from normal group. ns Nosignificant difference from normal group.
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Figure 30: Rats' hepatic caspase-3 activity
A) in control group vs. fluvastatin toxicated with gradual doses groups,
and in control group vs. groups toxicated for 7 day S with
B) 25, C) 50, D) 75, E) 100 mg/kg/day fluvastatin,
without and with treatment (silymarin and DDB).

F X = rats received X mg/kg/day fluvastatin for 7 days

FS X = rats received for 7 days X mg/kg/day fluvastatin +140 mg/kg silymarin,
FD X = rats received for 7 days X mg/kg/day fluvastatin + 100mg/kg DDB
*Significant difference when compared to normal group
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4.3.2. Hepatic cytochrome C

Hepatic cytochrome C concentration showed no saant difference from
normal values, and all values were varying from199% the normal value. (Table 14
and Figure 31)

Table 14: Rats’ hepatic cytochrome ¢ concentratioim normal group, and groups
toxicated with gradual doses of fluvastatin (withott and with 140
mg/kg/day silymarin or 100 mg/kg/day DDB) for 7days

Animal Fluvastatin Cyt(?](;r/l:r?g)le ¢ Sig)”\i/f;fse”)ce

groups dose for 7days| \, ', SEM  versus NC
Normal group NC 0 mg/kg/day 2.94 +0.09

F-25 25 mg/kg/day 3.03+£0.13 ns (0.8867)

Fluvastatin F-50 50 mg/kg/day 2.91 £0.09 | ns(0.4719)

t‘;’;gﬁ;id F-75 | 75mglkg/day | 3.16 +0.10  ns (0.9835)

F-100 | 100 mg/kg/day| 3.19+0.10 ns (0.2307)

FS-25 | 25 mg/kg/day 2.77 £0.08 | ns (0.0907)

S”g}‘g”” FS-50 | 50 mgikg/day | 2.83+0.07 | ns (0.1797)

fluvastatin FS-75 75 mg/kg/day 3.03 +0.12 ns (0.8925)

groups FS-100 | 100 mg/kg/day| 2.94+0.10  ns (0.6449)

FD-25 25 mg/kg/day 2.88 £0.12 ns (0.4108)

2125 FD-50 | 50 mg/kgiday | 2.89 +0.10 | ns (0.4263)

fluvastatin FD-75 | 75mg/kg/day | 2.79 £0.09 @ ns(0.1271)

groups FD-100 | 100 mg/kgiday| 3.02+0.17 | ns (0.9402)

* Significant difference from normal control.
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Figure 31: Rats' hepatic cytochrome ¢ concentration
A) in control group vs. fluvastatin toxicated with gradual doses groups,
and in control group vs. groups toxicated for 7 day s with
B) 25, C) 50, D) 75, E) 100 mg/kg/day fluvastatin,
without and with treatment (silymarin and DDB).

F X = rats received X mg/kg/day fluvastatin for 7 days

FS X = rats received for 7 days X mg/kg/day fluvastatin +140 mg/kg silymarin,
FD X = rats received for 7 days X mg/kg/day fluvastatin + 100mg/kg DDB
*Significant difference when compared to normal group
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4.3.3. Hepatic p53

No significant difference in p53 concentration wasorded, although nearly in
all groups p53 decreased by 40-60% the normal mvehre. However, FS-25 group
showed increase nearly by 50% the normal p53 value,in similar group treated with
DDB (FD-25) p53 was just 70% the normal value. (€dlb and Figure 32)

Table 15: Rats’ hepatic p53 concentration in normalroup, and groups toxicated
with gradual doses of fluvastatin (without and with 140 mg/kg/day
silymarin or 100 mg/kg/day DDB) for 7days.

: po3 Significance
Animal groups dFIUV? stagn (pg/mg) (p value)
ose for 7days Mean + SEM versus NC
Normal group NC 0 mg/kg/day 7.98 £2.22
F-25 25 mg/kg/day 3.84 £0.95 ns (0.1460)
Fluvastatin F-50 50 mg/kg/day 4.41 +0.83 ns (0.1632)
toxicated
groups F-75 75 mg/kg/day 3.06 £0.15 ns (0.0783)
F-100 | 100 mg/kg/day| 3.79 +0.67 ns (0.1310)
FS-25 25 mg/kg/day | 11.26 +3.02  ns (0.4031)
Silymarin FS-50 50 mg/kg/day 4.92 +1.40 ns (0.2712)
and fluvastatin
groups FS-75 75 mg/kg/day 3.65 +0.15 ns (0.1096)
FS-100 | 100 mg/kg/day| 4.74 +0.93 ns (0.2084)
FD-25 25 mg/kg/day 5.66 £1.35 ns (0.3944)
DDB FD-50 50 mg/kg/day 4.16 +0.95 ns (0.1453)
and fluvastatin
groups FD-75 75 mg/kg/day 3.03 £0.41 ns (0.0800)
FD-100 | 100 mg/kg/day| 4.56 +0.57 ns (0.1964)

* Significant difference from normal control.
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Figure 32: Rats' hepatic p53 concentration
A) in control group vs. fluvastatin toxicated with gradual doses groups, and
in control group vs. groups toxicated for 7 days wi th
B) 25, C) 50, D) 75, E) 100 mg/kg/day fluvastatin,
without and with treatment (silymarin and DDB).

F X

= rats received X mg/kg/day fluvastatin for 7 days

FS X = rats received for 7 days X mg/kg/day fluvastatin +140 mg/kg silymarin,

FD X = rats received for 7 days X mg/kg/day fluvastatin + 100mg/kg DDB
*Significant difference when compared to noramz| group
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4.3.4. DNA electrophoresis
DNA electrophoresis showed no DNA ladder patterrflivastatin toxicated
groups just fragmentation, with distinctive 700l@m8 shown.

Normal Fluvastatin 25 Fluvastatin 50 Fluvastatin 75  Fluvastatin 100
(NC) (F-25) (F-50) (F-75)
No DNA
fragmentatio DNA fragmentation but no ladder
n or ladder
Figure 33: Hepatic DNA electrophoresis in normal goup, and groups toxicated with
gradual doses of fluvastatin for 7 days

In groups treated with silymarin, fragmentation abiNA ladder pattern
appeared at low toxic doses (FS-25 and FS-50), hewaes fluvastatin dose increase to
75 (FS-75) and 100mg/kg/day (FS-100) a more disti@dNA ladder pattern start to
appear.

Normal Fluvastatin 25 Fluvastatin 50 Fluvastatin 75  Fluvastatin 100
group + Silymarin + Silymarin + Silymarin + Silymarin
FS-75)

No DNA DNA DNA DNA ladder DNA ladder
fragmentatio fragmentation fragmentation
n or ladder and ladder and ladder

Figure 34: Hepatic DNA electrophoresis in normal goup, and groups received
140mg/kg/day silymarin with gradual doses of fluvasitin for 7 days.
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At DDB treatment, mixed DNA pattern are shown. FassFD-25 was similar to
FS-25 showing DNA fragmentation and to F-25 showdigjinctive band at 700bp, at
FD-50 and FD-75 a more necrotic pattern, last atlBD DNA ladder start to appear.

Normal Fluvastatin 25 Fluvastatin 50 Fluvastatin 75 + Fluvastatin 100
group + DDB + DDB DDB
NC

FD25 FD50
— et

No DNA DNA DNA DNA DNA ladder
fragmentatio fragmentation fragmentation fragmentation
n or ladder and ladder

Figure 35: Hepatic DNA electrophoresis in normal goup, and groups received 100
mg/kg/day DDB with gradual doses of fluvastatin for7 days

4.4. Correlation between various parameters:

The increase in fluvastatin dose was accompanida an increase in relative
kidneys weight, ALT, AST, and HDL levels. At sanme, the increase in dose was
accompanied with a decrease in body weight gaugogle, and albumin levels. As for
apoptotic parameters, both caspase-3 (r = +0.4@)p&83 (r = -0.28) had a significant
weak correlation with fluvastatin dose.

Rats’ serum glucose level has been positively tated with body weight gain,
relative liver weight, GGT, and triglyceride. Atrsa time, the increase in relative
kidney weight, ALT, AST and caspase-3 levels wasoagpanied with decrease in
glucose level.

Hepatic inflammatory markers (ALT, AST, and GGT)reveorrelated among
them selves and with body and organs weight. Maeo&LT correlated negatively
with triglyceride, and AST correlated negativelythwialoumin. From serum protein
parameters, only albumin correlated with fluvastatose, body weight gain, relative

kidneys weight, AST and of course with total protigvel.
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Table 16: The significant nonparametric correlation- Spearman r values (p value) of various parameter

Flu Relative REIEE
Wt diff . kidneys Glu ALT AST GGT T Protein Alb Chol TG HDL Casp-3 | Cytoc P53
Dose Liver wt wt
Df)llsje -0.76 +0.44 -0.52 +0.53 +0.61 -0.40 +0.24 +0.42 -0.28
Wt diff (<0.0001) +0.29 -0.42 +0.57 -0.60 -0.64 +0.26 +0.41 -0.23 -0.30 -0.31
Relative
Lo (0.0102) +0.53 -0.26 +0.28 +0.28 -0.28 +0.23
Relative
kidneys (0.0001) (0.0001) -0.34 +0.39 +0.35 -0.23
wit
Glu (<0.0001) (<0.0001) (<0.0001) (0.0030) -0.54 -0.50 +0.29 +0.48 -0.31
ALT (<0.0001) (<0.0001) (0.0212) (0.0006) (<0.0001) +0.76 -0.26
AST (<0.0001) (<0.0001) (0.0019) (<0.0001) (<0.0001) -0.23 +0.36
GGT (0.0304) (0.0172) (0.0161) -0.25 +0.49
T
Protein +0.26
Alb (0.0003) (0.0002) (0.0440) (0.0428) (0.0222) -0.25
Chol +0.45
TG (0.0151) (<0.0001) (0.0255)
HDL (0.0371) (0.0492) (<0.0001)
Casp- 3 (0.0002) (0.0093) (0.0155) (0.0069) (0.0014)
Cytoc (0.0069) (0.0402) (0.0340)
p53 (0.0152) (0.0483) (<0.0001)

Flu Dose: Fluvastatin Dose, Wt diff: Body Weight difference, Glu: glucose, T Protein: Total Protein, Alb: Albumin, Chol: Cholesterol, TG: Triglyceride,

Casp-3: Caspase 3, Cyto c: Cytochrome ¢
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Hepatic apoptotic parameters also showed somelatore with other weight
and serum biochemical parameters, but all the lediwas were of weak Spearman r
values. Caspase-3 correlated positively with fltetas dose and AST, and in same time

correlated negatively with body weight gain, relatiiver weight, and glucose.

Figure 36: Correlation between caspase 3 and fluvas  tatin dose,
body weight difference, relative liver weight, gluc ose and AST levels.
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Results

Cytochrome ¢ showed negative correlation with bagyght gain, GGT, and albumin

levels. P53 correlated negatively with fluvastatose, and positively with relative liver
weight and GGT.

Body weight diffrence (g)

Albumin (g/dI)

GGT (Ull)

Figure 37: Correlation between
cytochrome ¢ and body weight
difference, albumin and GGT.
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6. Discussion

The liver has the capacity to protect itself agagtemical or biological injury
by a variety of molecular and enzymatic entitiesvértheless, with sufficient exposure
of this injuring substance exceeding hepatocyterss system, various processes of
macromolecular disruption occur in the liver, lewdito loss of cell homeostasis and
subsequently cell death (154, 192). Usually, therltends to regain its previous healthy
condition by metabolizing and eliminating the toxsabstance, fighting back the
biological insulting factor, adjusting the cell fitron to over-counter the disturbed
homeostasis, and/or removing the damaged cells fyptasis and stimulating

proliferation new healthy cells.

To study such changes in liver condition undersstra well-defined laboratory
model, which can mimic completely the liver impaem, especially viral infection, is
still demanded. A reproducible tissue culture manfehepatitis viral B infection does
not exist, nor is hepatitis B infectious for immimgically well-defined laboratory
animals (202). Although, advances have been madejiablein vitro cell culture
system for hepatitis C is not yet available (1@)aflis why, in this thesis it was aimed
to establish new experimental hepatitis model, wtibe hepatic damage was gradual
and controlled. Thus, it will enable investigatitigg effect of various drugs on gradual

stages of progressive liver impairment.

The new experimental model presented in this thesis conducted on male
Wistar rats. The choice of rat as experimental rhedes considered because of the
following factors: rat’s small dimension, lower toselative facility of handling, great
resistance to infection, short life span, and rsghle reproduction. Moreover, in drug
liver toxicity studies on rats are preferred, asard dog have a longer residence time
for xenobiotics, at peak concentrations, compapdauimans, making the livers of these

species more vulnerable to chemical injury (143).

In this thesis, investigation on the possibility w$ing fluvastatin as toxic
substance for establishing a new experimental maddal mimics hepatitis liver

condition in experimental animals (Wistar rats) wamducted. Fluvastatin is one
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compound that belongs to statin family, and itasept inhibitor of cholesterol synthesis
in liver (30). Despite clinical evidence on effigahigher doses of statins are however
less prescribed, due to safety concerns, as itrea@rted one of its major complaint
during statin therapy is hepatotoxicity (98). Maren Cokca and his colleges (31)
reported that high-dose therapy with statins leadedxicological situation that mimics
viral hepatitis. Thus, statins were considered stalgishing the new experimental
model of hepatitis.

Fluvastatin was chosen among the statin family, tduiégs hydrophilic nature.
Fluvastatin appears in much higher concentratiortbe liver than other statins, where
liver is the drug’s primary site of both action amde of side effects (155), as marked
increase in serum aminotransferases occurred ienpsitvho received fluvastatin for an
extended period of time (54, 170). Fluvastatin sidd#ion can be explained by the
laborious attempt of the liver to counteract theigdraction and maintain normal
cholesterol synthesis rates. Fluvastatin treatnteggered induction of enzymes of
cholesterol synthesis pathway, upstream and doearstrof the target enzyme HMG-
CoA reductase, and may cause alterations in manynegs and proteins, which affect
cell signalling, membrane trafficking, gene tramstton and membrane stability (118,
167). Moreover, HMG-CoA synthase is present in pjgem and mitochondria, and
both of these enzymes were increased several fojdthe statin treatment. While
cytosolic enzyme is involved in cholesterol bio$yedis, mitochondrial enzyme is part
of the ketone body synthesis pathway (167), whiah explain the involvement of

statins in various cell functions.

LESCOL Prescribing Information (106) stated the mmasm fluvastatin
tolerated dose in rats was determined to be 9 nfiglyg Steiner et al. (167) showed that
24 mg/kg/day fluvastatin given to male F344 rats#alays caused significant changes
in 58 liver proteins. This means that 24 mg/kg/dalyich represents 34 times the mean
human plasma concentration after 40mg oral dodégisoxic dose at which fluvastatin
starts to disturb hepatocytes homeostasis in Tdtss, in this thesis fluvastatin was
chosen because the dose is concentrated in thiedive the doses were chosen starting
from 25 to 100 mg/kg/day for 7 days to insure eneof fluvastatin toxic effect on the

liver.

90



Discussion

Results in this thesis showed that, Fluvastatinnagieen in gradual toxic doses
caused a disturbance in many parameters; thenfatstd parameters were the animals’
survival and body weight change during the expenimRats tolerated nearly all doses,
as the survival rate was 100% in 25, 50 and 75 gidéy fluvastatin for 7 days,
although rats showed impairment in liver conditidnsserum and liver biochemical
analysis. However, when dose reached 100 mg/kdfaagurvival rate was 75% by the
end of 7 day of fluvastatin administration. These findinggree with LESCOL
Prescribing Information (106), as fluvastatin rat®50 (for acute toxicity) was 707
mg/kg when taken orally, and 140 mg/kg when taketaiperitoneal, while the
minimal tolerated toxic dose for hepatocellularmosts is 10 mg/kg/day.

As for the effect of fluvastatin toxic doses onstdiody weight change, results
showed a decrease in body weight gained duringnsdags. This decrease started to
appear from lowest toxic dose 25 mg/kg/day, howetlds decrease was not
significantly different from normal rats, and tldan mean that rats tolerated this dose.
This agrees with Steiner et al. (167) result, &y tleported that animals tolerated and
survived 24 mg/kg/day fluvastatin for 7 days, amel &average weight gain was 43.5 g in
control animals and 5.4 g in the 25 mg/kg/day grdnghesis’s results, the weight gain
in normal control was 27.7 g, while in 25 mg/kg/dayastatin group was 17.59. The
difference between results may be due to the éifiee in drug administration as in this
thesis drug was given intragastrically, while ireiSer et al. (167) study drug was
dissolved in fed water, and animals consumed tHnjce.

As fluvastatin dose increased to 50, 75 and 10&giddy, the rats’ body weight
started to show more tendency to loss body weigghier than gain weight. This can be
explained by two possibilities. The first assumptis that rats in these groups were
more anorexic and their food consumption decredsedto toxic effect of fluvastatin
(167). The other assumption is the involvementatd muscle toxicity in the fluvastatin
toxicity causing waste symptom, as LESCOL Preseghinformation (106) stated that

fluvastatin minimum toxic dose for skeletal musdégeneration is 50 mg/kg/day.

This thesis also aimed to challenge two of the comtnepatoprotective drugs
(silymarin and DDB) against impaired liver functi@aused by fluvastatin, and note
their effect on liver function under stress. Theref the effect of both drugs treatment

on rats toxicated with gradual doses of fluvastats observed.
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Silymarin treatment (140 mg/kg/day) while rats tated with fluvastatin,
showed a protective effect on body weight but onat lowest doses
25 and 50 mg/kg/day fluvastatin. However, silymdaited to exert this action in higher
fluvastatin doses 75 and 100 mg/kg/day. The santerpawas showed in groups
challenged with DDB treatment (100 mg/kg/day). Hoere the weight gain in
50 mg/kg/day fluvastatin treated with DDB was twibe weight gain in same group
treated with silymarin, and the weight loss in lglloses was less than silymarin
comparative groups.

These results agreed partially with Abdel Hameiyl idy, as he stated that
treatment with DDB (100 mg/kg) or silymarin (200 tkg) for 14 days improved the
body weight loss caused by erythromycin stearad® (hg/kg) toxicity. He explained
this improvement by the fact that these drugs exeaintioxidant and hepatoprotective
effects. From above, it can be concluded that slymand DDB showed their
protective effect whilst the liver damage is stihnageable at low toxic doses. Once the
liver damage increased drastically, both drugséato stop the loss of body weight.
However, in weight parameter, DDB showed more &fficy and usefulness than
silymarin in minimizing the body weight loss.

Fluvastatin toxic dose increase in this study dateel not only with body
weight difference, it correlated also with threesefum metabolic products: glucose,
albumin, and HDL, which signify the impairment dese three compounds production
and homeostasis in case of fluvastatin toxicitydweight difference was found to be
also associated with liver transferases level araldf apoptotic parameters (caspase-3
and cytochrome c), indicating fluvastatin toxicagused loss of cells both by necrotic

and apoptotic cell death.

Some authors stated that increase in relative \isgght is a reliable indicator of
toxic adaptive effect. Increases in liver weiglgspecially with chronic toxic exposure,
can result from both hypertrophy and hyperplasiaegatocytes. In results, a decrease
in relative liver weight was observed only in graaging fluvastatin lowest toxic dose
25mg/kg/day; however, in rest of doses the relaliver weight increased. This
decrease was associated with decrease in body gggh which can mean that liver at
this dose had not yet started its compensatoryif@rafing mechanism in order to

replace the damaged cells by increasing liver s®lks. In higher fluvastatin toxic
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doses, the increase of relative liver weight candbe to hepatic inflammation and
increase in liver macrophages infiltration, or therease in liver capacity to respond to
stress, by raising the level of homeostasis fotgimocatabolism. It can also reflect
increased cell proliferation and replacement of aged cells by apoptotic pathway
(192), as an increase in liver apoptotic parametesalso noted.

The negative correlation between body weight gaith i@lative liver weight was
also observed by Abdel Hameid (2), that erythromatearate toxicity induced a liver
weight increase, which was attributed to the deggive effects in animals’ organs and
loss of body weight. However, in his study treatingith DDB or silymarin along with
erythromycin stearate failed to restore the liveight to normal range. In thesis results
another outcome was observed, groups treated withnegin showed nearly stable
relative liver weight at low fluvastatin doses (28d 50 mg/kg/day). This may be
because silymarin was found to robust liver groani the liver tissue weight, as was
shown in other studies that used carbon tetradddoxicated groups (61, 97). While,
in DDB treated groups, the liver weight ratio wasmal in all fluvastatin toxic doses,
showing that DDB also overcome silymarin protectetion in relative liver weight. It
can be explained by anti-inflammatory action of DCEAd its effect on whole body

weight.

Kidneys usually were not affected until the livelached the decompensated
stage, which affect the kidney function. Such wlasws in the group receiving only
100 mg/kg/day fluvastatin and in same group treatitd silymarin, as relative kidneys
weight had increased. Renal damage with statinscasebe explained by kidneys
inflammation as a subsequent event of severe impairment, or it can be explained
by statins rhabdomyolysis that cause acute tulngarosis (12). Silymarin failed in
protecting the kidney, can be due to it lacks timioaidant silymarin activity in
kidneys. As Valenzuela and his colleges (182) dtakat silymarin have a role as
regulators of the content of GSH in various orgaunsh as liver, intestine, and stomach,

whereas there were no changes in the lungs, s@edrkidneys GSH content.

Fluvastatin also showed a disturbing effect of ome of metabolic biochemical
parameters, which can be also related to hepatotyxif fluvastatin high doses. As it is

known that hepatocyte functions in controlling was metabolic products such as
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serum glucose homeostasis, by controlling glucosstake, glycolysis, and
gluconeogenesis. Hepatocytes are also the maiofstieolesterol, albumin, fibrinogen
and bile synthesis. In addition, they are respdasibr glutathione, amino acids,
ammonia and xenobiotics metabolism and conjugatibiiike other cells, hepatocytes
have flexible energy reserves, and can produceggreth for their own needs and for
other tissues, which occurs via production of ghecby many pathways such as from
carbohydrates via hexokinase and the liver-spegificokinase, from amino acid via
phosphoenolpyruvate carboxykinase, and from glyoé@eoglycerol kinase. However,
in stressful and injurious situations, these call@daptive mechanisms do not function
properly because of hepatocytes hyper-metabolite,st@hich increases the needed
energy (192).

For previous information, it can be concluded thadr toxicity can affect the
serum glucose level, especially when liver damageeeds hepatocytes ability to
compensate. However, as noted in results, fluvasiaer toxicity caused a significant
decrease in serum glucose level. There are posaitanisms that can be the cause of
decrease in serum glucose level. Rats’ anorexia muy weight loss can cause
decrease in glucose production, or the hepatotefkect of fluvastatin reflected in the
decrease of glucose level, which consequently satlebody weight loss. The second
stated reason is most possible explanation, asntheence of fluvastatin on glucose
level was explained by Steiner et al. (167) findinghey stated that, fluvastatin altered
some carbohydrate metabolism enzymes. It down-aégiil fructose-1,6-
bisphosphatase, a key regulatory enzyme necessaryglticoneogenesis, down-
regulated ketohexokinase that involved in metabold$ fructose, and down-regulated
pyruvate kinase that involved in the final stepgiycolysis. It is also up-regulated
glucose-6-phosphate 1-dehydrogenase, which is itls¢ énzyme in the pentose
phosphate pathway. Such alternation in normal loegtg enzyme function ay cause a
decrease in glucose produced from gluconeogermsigjctose metabolism, or tended
to be directed more to pentose phosphate pathway.

Silymarin treatment kept glucose level within nofmange only at fluvastatin
low toxic doses (25 and 50 mg/kg/day); however DidEatment attenuated the glucose
decrease just at 25 mg/kg/day fluvastatin. Theceftdé silymarin at low fluvastatin

doses can be explained by its protective actionjt asas found that 140 mg/kg
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silymarin treatment for 4 days protected the hepsttiuctures, liver glucose stores, and

enzyme activity in galactosamine models of acumtigs in rats (175).

Other metabolic parameters were also affected &y ithpairment in liver
function, such as serum total protein and alburewvels, as a variety of metabolic
derangement, as proteins level, was found to odacupatients with chronic liver
disease. Moreover, in cirrhotic patients a hight@arocatabolism and hyper-metabolic
state was frequently observed. Many symptoms andkersa were related to the
impairment of amino-acid turnover, such as musdsting, ascites and bleeding due to
albumin and clotting factors production impairmeand hepatic encephalopathy by the
impairment of urea production (176).

A drastic change in total protein and albumin comi@ion was not seen in this
thesis. This may be due to the liver impairmerthis new experimental groups did not
reach the cirrhotic decompensated liver conditiamich affect cell amino acid
turnover. Total Protein concentrations were neadymal in all groups, except rats
toxicated with 25 mg/kg/day fluvastatin showed gndicant increase in total protein
concentration. This increase may be due to incrigagmtein production as a feed back
of impact of injury of hepatocytes homeostasis e tb increase of immunoglobulin
production. Treating rats toxicated with 25 mg/leydluvastatin with silymarin or
DDB decreased the raise in total protein to norfmalts. This positive effect of
silymarin on liver proteins was also noted by ottesearchers, for example, silymarin
(140 mg/kg for 4 days) has abolished the inhibiteffect of galactosamine on liver
proteins and glycoproteins biosynthesis (180).

As for the influence of liver diseases on albumiamieostasis, it varies
according to the severity and type of the dise&#seacute and in chronic persistent
hepatitis serum albumin is usually normal or mirllgndecreased. However, in chronic
active hepatitis, serum albumin is often decreasetithe immunoglobulin is increased.
In alcoholic hepatitis, serum albumin is usuallyoahormal but can be decreased due to
poor nutrition (193). In thesis results, albumimcentration in groups toxicated with
gradual doses of fluvastatin showed a tendencydiease at low toxic doses (25 and 50
mg/kg/day), then albumin returned to normal valaekigher toxic doses (75 and 100

mg/kg/day), weather rats received treatment or fdiese fluctuations can be
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considered a reflection of liver management to oemspte the toxic action of
fluvastatin on hepatocytes albumin production aretatmolism. However, as the liver
condition is deteriorated more drastically undeavyetoxic pressure, in addition to
animals’ anorexia and malnutrition, albumin produtistarted to decrease.

Both of hepatoprotective drugs (silymarin and DDdyl not improved the
albumin level. That was in agreement with Abdel [d&h(2), who found that treatment
of DDB or silymarin did not restore the albumin éé\to the control value, and with
Buzzelli and his co-workers (22), who stated thalynsarin reduced liver
aminotransferases levels, but without consistefferences in albumin. Although,
silybinin was reported to induce ribosomes formati®@NA synthesis, and protein
synthesis in only injured liver cells (165). Moreoy Kim et al. (90) stated that DDB
reduces the total proteins levels, and albumirotonal level.

From correlation results, only aloumin showed srball significant correlation
with hepatic cytochrome c. This implicate that seralbumin concentration, which is
usually used to evaluate synthetic function of hepdes, is influenced by
mitochondrial integrity and function. In additiorthis may indicate that when
hepatocytes proceed in apoptotic pathway, they siisp synthesizing essential body

elements, such as albumin.

Observing the results, serum cholesterol was nomal groups, although they
all received high doses of fluvastatin, which is @BMCOA reductase inhibitor.
Moreover, rats receiving DDB (100 mg/kg/day) withwest toxic fluvastatin dose
(25 mg/kg/day) had an increase in cholesterol aunagon. As the fluvastatin dose
increased in groups treated with DDB, cholestezeél returned to normal. This means
that fluvastatin, which is cholesterol synthesiilditor; is successful in lowering
elevated cholesterol level more than reducing nbrrhalesterol level, and its toxic
effect does not appear much on this parameterh®mther hand, serum triglycerides
values were significantly less than normal in gotgxicated with fluvastatin. Treating
with silymarin and DDB managed to normalized trggyide concentration, but only in
groups toxicated with 25mg/kg/day fluvastatin. Hbancentration showed significant
increased but starting from 50 mg/kg/day fluvastatMoreover, treatment with

silymarin and DDB lowered this raise but only atrb@/kg/day fluvastatin.
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From previous results, it can be concluded thatafftatin cause no change on
cholesterol level, a decrease in triglycerides, andncrease in HDL level in normal
rats. The last two parameters (triglycerides and_HBbehavior can be explained by
statin mechanism of action. HMG-CoA reductase & tate-limiting enzyme of the
mevalonate pathway, through which cells syntheshmdesterol from acetate moieties,
the enzyme inhibition by statins cause a reduatiocholesterol synthesis, induction of
LDL-receptors, thus increase in LDL and cholestenalake from plasma (59). Thus,
statins also increased the level of HDL to fadiditeholesterol uptake, and influence
plasma triglycerides and non-essential fatty algdsls (55, 166).

The results showed that silymarin had a normaliafigct on the reduction in
triglycerides and the increase in HDL, but onlyaat doses of fluvastatin toxicity. The
influence of silymarin on hepatic lipid profile was agreement with some researchers
findings. Skottova and Kreeman (160) noted thatbsiin is able to antagonize partly
the increase in total lipids and triglycerides proed in rats’ liver by carbon
tetrachloride. On the other hand, results did mgrea with other researchers, such as
Mourelle and Franco (123) who stated that silymaad an effect on membrane lipids
(both cholesterol and phospholipids) and othedlg@mpartments in the liver; this may
influence lipoprotein secretion and uptake. In &ddj other scientists stated that
silymarin did not appear to be able to normalize réduction in triglycerides in serum
produced by thioacetamide (97). Moreover, silymargatment failed to reduce the
total lipids significantly during erythromycin stadée induced hepatotoxicity (2).

As for the other drug, DDB, Abdel Hameid (2) resusthowed that it showed
protection against plasma total lipids changes éaduby erythromycin stearate, while
Helal and his colleges (69) found that DDB alonghvérythromycin stearate treatment
induced a significant elevation of plasma totaidg Other scientists stated that DDB
treatment could decrease hepatic (but not serurp)d lilevels in various
hypercholesterolemia mouse models, however it Wasfaund to cause an increase in
serum and/or hepatic triglycerides level in mickisTDDB hypertriglyceridemic action
was accompanied by a decrease in hepatic total esteobl level in
normocholesterolemic mice, and it was explainedDi3B stimulating esterification
and/or inhibitsp-oxidation of fatty acids (134). However, this tisegesults showed an
increase in triglycerides but also in cholestereVels at least in 25 mg/kg/day

fluvastatin toxicated group.
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Although the DDB influence on lipid profile was deoadictory with others
scientists, an interesting finding was observedShydoji and Ogawa (158). As they
found that natural geranylgeranoic acid was foundGhinese herbSchisandra
chinensis, which is the natural source of the schisandrin at tresembles DDB
chemically. Geranylgeranoic acid is a product obprenoid pathways via the
acetate/mevalonate in plants. Mevalonate pathwdlieissame pathway influenced by
statins in hepatocytes. In addition, Geranylgemanaicid is a derivative of
geranylgeranyl diphosphatase GGP, which decreasefluvastatin-toxicated cells.
DDB is chemical mimic of the natural component @hiSandra plant, that means it
dose not geranylgeranoic acid. However, whether be metabolised to a
compound resembles geranylgeranoic acid, or haffact on mevalonate pathway that

compensates fluvastatin action, this is a pointrieads more investigation.

As fluvastatin was administered in high doses torgl period to insure liver
cells toxicity, this toxicity showed some change Ilmepatocytes function and
homeostasis. It is most probably that such higheslasay also cause cell death, either
programmed (apoptosis) in order to remove such dethaells or un-programmed
(necrosis) causing the leak and release of hepatigmes in the surrounding area and
serum. Thus, in order to investigate the pattermepatocytes cell death caused by
fluvastatin and the influence of the two hepatogcove drugs on cell death, parameters
of cell necrosis and apoptosis were investigated.

Measurement of aminotransferases levels is coresidas the most important
laboratory test for hepatitis, because it is axpeasive and readily available (101).
Viral hepatitis and toxic drugs may cause hepaticrosis, which indicted by 20-50 fold
elevation in the serum aminotransferases. Alcohwdipatitis causes aminotransferases
to increase up to 8-10 folds, with AST greater tAaT due to release of m-AST from
injured hepatic cell mitochondria (126). The td&lel of AST usually does not exceed
five times normal level, but if it does, concomitatcoholic rhabdomyolysis should be
considered. In viral hepatitis, ALT is higher thAaBT, however in cirrhosis or chronic
persistent hepatitis both are usually normal. Blema of AST and ALT in cirrhosis
indicate continuing hepatocellular necrosis (153).

Nearly all groups, in this thesis, showed AST/ALAtio exceeding 2:1, which

indicate that fluvastatin toxicity cause a hepatitondition more similar to alcoholic
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and drug hepatitis. These also indicate influerideuigastatin on AST level that may be
because of mitochondrial toxicity or muscles rhabgolysis. When fluvastatin toxic
doses increased, the level of aminotransferasedisantly increased in rats toxicated
with gradual doses of fluvastatin administered Todays. Starting 50 mg/kg/day the
increase in ALT was doubled as the dose increage2bbbo, while AST increase was
slower than ALT.

This increase in aminotransferase release withafitatin could be caused by
necrotic degeneration of hepatocyte membrane, or chgnges in membrane
composition induced by reduction of lipid comporsergspecially cholesterol (177).
Moreover, some scientists state that elevated d@maimgferases levels alone do not
usually predict or indicate serious liver injuryt, just indicate more hepatocytes
cytoplasmic contents leakage or cell necrosis (187).

Silymarin when given with 25 mg/kg/day fluvastafiom 7 days suppressed ALT
increase by 75%. As the fluvastatin dose doublealtong/kg/day, this effect was lost.
On the other hand, AST level was not influencedibymarin treatment. Some authors
insisted on silymarin positive impact on liver westthat silymarin elicit the
hepatoprotection by preventing hepatic cell nesrosiby hepatic cell regeneration, also
that silymarin tends to normalize liver functionstteby decreasing the leakage of
enzymes, especially in alcoholic liver disease .(66)

DDB treated rats, had a different behavior tharynsdrin treated groups.
Although, ALT level increased to nearly twice thermal value, it was nearly steady in
all groups in spite of fluvastatin increasing dose75 and 100 mg/kg/day fluvastatin
toxicated groups, AST level decreased by DDB treatmMoreover, Nolan and his co-
workers (130) stated that, the increase of aminefesiases less than three times the
upper limit of normal might not lead to clinicalgignificant liver damage, because of
the liver great capacity to heal injury, with thebsequent development of adaptive
tolerance. Although, results did not show normaiora of serum ALT by DDB
treatment, as it was recorded in many other stu@@s74, 150), the raise in ALT level
in DDB groups is not alarming and indicates DDBb#ize ALT enzyme activity in
spite of the increase of the toxic stress on heyéts. In addition, Huber et al. (74)
stated that DDB did not affect AST and GGT levéiss they suggest that DDB affects
the synthesis and/or degradation of ALT in the kspdes by a yet unknown

mechanism.
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In addition to investigating aminotransferases leve this new experimental
model, GGT was also investigated. GGT level sigsifihe cells membrane integrity;
and also glutathione metabolism, and glutamic agpihke, thus GGT is an extremely
sensitive enzyme to identify cholestatic diseaaes, it has been taken into account in
the evaluation of patients with chronic HCV infecti(29, 75). Although GGT level
increased as fluvastatin dose increased, but #liesawere less than normal, which
indicating fluvastatin depress enzyme activityat ldoses rather than enzyme leakage
to plasma. Treating toxicated rats with silymanmd &©DB, helped in maintaining their
normal GGT level, however only at lowest toxic dosduvastatin (25 mg/kg/days).

The silymarin positive impact on GGT was in agreemeith Muriel and
Mourelle (124) have shown that silybinin presentbe functional and structural
integrity of hepatocyte membranes by preventingrations of their phospholipid
structure produced by carbon tetrachloride anddsgoring alkaline phosphatase and
GGT activities. On the contrary to this thesis fitgdconcerning DDB positive effect on
GGT, Botros et al. (19), Huber et al. (74), anda8al et al. (150) stated that although
aminotransferases improvement after DDB treatmget, GGT did not show any
significant improvement at any of the time periedamined.

Observing the correlation results, liver enzymefedtd in their correlation to
apoptotic parameters. As, ALT level showed no datien, AST correlated with
caspase-3, and GGT correlated with cytochrome-cp&3dlevels. Such data notes that
AST is associated with the end stage of apoptoliimiration, may be through
mitochondrial and cell membrane leakage rather tbelh burst, while GGT was
associated with intrinsic apoptotic pathway, whigtated to cell recognizes itself
damaged beyond repair and starts its own eliminatimm the surrounding

environment.

As some necrosis parameters were investigated, spa@osis parameters were
also investigated. Depending on cell ability to @d the toxic stress, necrosis and
apoptosis pathways may sometimes intercross. Waletead to inhibit the necrosis in
order to overcome the inflammation and toxic damaigemay have to precede more
toward apoptotic pathway in order to remove theesalamaged cells. This change in
cell death pathway depends on cell energy, as apispdepend on cellular ATP level.

Apoptosis can be considered the last mechanisnmivef Hefense against toxic or
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insulting pressure that disturb hepatocyte functimyond compensate or adaptive
mechanisms. Apoptosis enables the elimination afadged cell without inflammatory

consequence, restoring the functional liver cellassn number after induction of
proliferation, or sustaining cell cycle to enabldM®repair systems.

Apoptosis was found to proceed through three plesglathways; intrinsic
pathway, which may depend on p53 gene and progetninsic pathway that signaled
from death receptor and ligand on cell membrane, thie third pathway which is
mediated immunological through CTLs. These pathwaysy interact with
mitochondrial role in apoptosis, especially if éxic and CTL apoptotic signal need
amplification. However, such mitochondrial rolenst essential, and apoptosis may
find other ways to activate caspase-3, and proteelissemble molecular and nuclear
cell components. As macrophages and CTLs may resalispase-8 activation which
trigger two signalling pathways; mitochondria-deghent activation of caspase-9 via
cytochrome C release, or direct activation of ekeoer caspases (caspase-3, -6, -7)
(48).

Several studies have shown that statins inducetagispn a variety of cell lines
(18, 81). Moreover, many authors noted that statiase shown to activate caspases
(23). Regarding the results, an agreement is ndt#dough, fluvastatin lowest toxic
dose (25 mg/kg/day) did not affect hepatic casf@aaetivity, high fluvastatin doses 50,
75 and 100 mg/kg increased caspase-3 activity BylynB0-70%. Moreover, Caspase-3
level was correlated just with glucose level, ahdré was no significant correlation
with biochemical activity (aminotransferase leveis)agreement with Kountouras et al.
(95) results. In addition, the negative correlatiath glucose may be because caspase-3
and apoptosis consume ATP, which produced mostiylibgose metabolism. When rats
were treated with silymarin and DDB while toxicatedth fluvastatin, caspase-3
activity increased even at 25 mg/kg/day, and theremse in silymarin was more
pronounced than in DDB treated groups. This impdicthat both drugs induced
apoptosis final step in order to help the liver o the damaged cells with less
inflammatory consequence to the surroundings.

As for hepatic cytochrome c concentration, it diok show any significant
difference between different groups, or from nornvelles. However, these results did
not agree with Samson et al. (151) results, magiugeto difference in cell model and

fluvastatin dose. As they treated cell culture ofrbresting and activated ¢DT cells
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with 10 uM fluvastatin, which caused an increas¢éhi release of cytochrome c from
the mitochondria to the cytoplasm. Cytochrome capeater indicate that apoptosis
proceed through mitochondrial changes, as the aserein mitochondria cell

permeability cause the release of cytochrome cgchvistart activating caspase-9 to
initiate the executioner caspases (caspase-3). irhukis new model such role of
cytochrome ¢ was avoided may be by other pathways.

Concerning hepatocytes DNA damage, which may baced by toxic stress,
p53 plays the main role in leading to cell cycleear allowing damaged DNA to be
repaired. Moreover, if DNA repair is not possible53 may initiate apoptosis,
preventing the replication of abnormal genetic mak€173). However, results showed
a decrease in p53 by nearly 50% the normal meameval groups toxicated with
fluvastatin from 25 to 100 mg/kg/day. In additiovhen rats were treated with silymarin
and DDB, p53 decreased except in 25 mg/kg/day $iiawa groups. At such low
toxicity, silymarin managed to raise p53 by 150% tlormal value and DDB raised p53
to just 70% the normal value. From results, it da@ concluded that these
hepatoprotectives may try to help the cells in mapg their DNA, and induce intrinsic
cell signalling to commit suicide quietly.

Many mechanisms were postulated to explain the dimolu of apoptosis in
lipophilic statins such as fluvastatin. One of #hesechanisms, the apoptosis can be
mediated by the inhibition of mevalonic acid patgwaoducts, such as isoprenoids,
granylgeranyl and franesyl pyrophosphate and ubanpe (99). In the case of an
additional insult, e.g. a large increase in theirstalasma and tissue concentrations,
there may be a massive increase in apoptotic @athd possibly leading to organ
damage (184). Isoprenoids molecules required fer dltivation of signaling G-
proteins, which are important for cell survival 2Granylgeranyl pyrophosphate has
the ability to inhibit apoptosis (196). Ubiquinorgean essential part of mitochondrial
respiratory chain, and is responsible for ATP pobdun (32, 35); however, the impact
of statins on ubiquinone content depends on st of action and statin dose.
Simvastatin at 50 mg/kg did not affect skeletal oheisibiquinone content, but reduced
ubiquinone content in the liver and cardiac mu¢sh).

Another mechanism was stated by Kaufmann and hiwackers (85); the
induction of apoptosis by statins may be initiabgdinhibition of protein prenylation,

which affect mitochondrial function. That is whyws stated that lipophilic statins are
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mitochondrial toxins, leading potentially to energgpletion and oxidative stress,
damaging muscles and other tissues. In additiatinstnediated apoptosis was found to
proceed via some mitochondrial apoptotic factos ep-regulation of proapoptotic

protein expression (e.g., Bax, Bim) combined witbtcréased antiapoptotic protein
expression (e.g., Bcl-2) (36). Then again, fluvtastaffect on Bcl-2 may depend on its
dose, as Xu and his colleges (200) found that fitatan at nanomolar concentrations
cause up-regulation of Bcl-2, while at high (micaar) concentrations fluvastatin is

pro-apoptotic and has no protective effects. Thindchanism can be that statins
autoimmune responses, such as autoimmune hep@jtidn addition, statins were

reported to lead to growth arrest at the G1/S plhasmdary of the cell cycle, where
apoptotic cell death follows later. As the preseateells at sub-G1 peak, induction of
caspase-3 activity, and the presence of extensN& fbagmentation were observed to
be induced by fluvastatin (129).

In thesis’s new model, fluvastatin apoptotic actimay be favoured by the
results to be initiated by extrinsic or CTL pathwagore than intrinsic pathway, as p53
level decreased, and cytochrome c level did nohgdan highly toxicated groups with
fluvastatin. However, caspase-3 was increasedcatidg that proceed of apoptotic
signalling avoided mitochondrial damage. Hence p&psis in fluvastatin toxicity most
probably was initiated by immunological cells (m@unages or CTL) as a reaction of

autoimmune hepatitis.

As for the effect of silymarin treatment on celbgposis, silymarin was reported
to modulate an imbalance between cell survival @paptosis through interfering with
cell cycle regulators and proteins expressions tmablved in apoptosis (63, 200).
However, there is a debate concerning whether siiyminhibit apoptosis or induce
apoptosis. Results in this thesis showed that siymnduce apoptosis, as shown in the
increase in caspase-3 level, and p53 level. Indigahat silymarin tend to direct the
liver cells to be removed by programmed death tuietith less inflammatory
condition, and especially using intrinsic pathwayifiducing p53 action, however such
pathway did not affect cytochrome ¢ and mitochaddntegrity. Such conclusion was
in agreement partially with the findings statingttisilymarin induce apoptosis by up-
regulating expression of pro-apoptotic proteinksas p53, Bax and caspase-3) with

decrease in anti-apoptotic proteins (Bcl-2), whiecreasing mitochondrial trans-
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membrane potential, thereby increasing levels dfosolic cytochrome c (146).
Moreover, silymarin-induced apoptosis in JB6 Cléllscprimarily mediated through a
p53-dependent pathway (145).

On the other hand, results did not consent with staéement that silymarin
inhibit hepatocyte apoptosis, and normalize thegiase in apoptotic proteins in order to
protect the genomic DNA (122, 138). In addition,dtial. (107) found that silibinin
treatment eliminate the expression of Fas-assagiagirotein with death domain,
followed by inhibit cleavage of procaspase-8 ande@se the release of cytochrome ¢
from mitochondria.

Although, there was no documentation showing th@aich of DDB on cell
apoptosis, Park et al. (137) noted that schisardrinduce apoptotic events. This was
mediated by inhibition of the expression of antepiotic proteins Bcl-2 and Bcl-xL,
and proteolytic activation of caspase-9, leadinth®activation of caspase-3, which, in
turn, results in PARP degradation. Thesis resgtee with such statement, as results
showed increase in p53 level and caspase-3 activiéxperimental model induced by
fluvastatin toxic doses; however, the influenceidB on apoptotic pathway was

weaker than silymarin in this new model.

DNA fragmentation can be a consequence of indu@spase activity and
apoptosis and can also be a consequence of drugaddhepatotoxicity and lipid
peroxidation. DNA fragmentation and lipid peroxidat observed is the normal
consequence of oxidative stress that was demoadttatough decreasing GSH and
superoxide dismutase activities in liver (10). DA laddering technique was used to
visualize the endonuclease cleavage DNA productapoiptosis (100, 199). In this
thesis, DNA electrophoresis showed no DNA laddetepa in fluvastatin toxicated
groups just fragmentation, and a 700bp band isndistely shown. Thus, it can be
concluded from both caspase-3 results and DNA relglebresis, that when rats
received fluvastatin toxic doses both necrosis apdptosis happens, but necrosis is
dominating, that DNA ladder is not detectable & #tage.

While treating toxicated rats with silymarin, fragmation, and necrosis appear
at low toxic doses, (25 and 50 mg/kg/day) but asedncrease to 75 to 100 mg/kg/day a
more distinctive DNA ladder start to appear. At DDBatment, mixed DNA pattern are

shown, fragmentation with a band at 700bp, and DIddder. Such observation
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confirms that these two drugs tend to induce call@poptosis more that the DNA
ladder is more detectable as the cells are magesstd by higher toxic fluvastatin doses;
however, silymarin is more influential than DDBdirecting cell towards apoptosis.

Liver cell injury and cell death is a prominent tiga in all liver disease
processes. Moreover, apoptotic cell death is faionde present in various patterns of
liver diseases, e.g. alcoholic liver injury havewh to induce apoptosis in vivo and in
vitro (100). Moreover, the increase in TUNEL- postcells number, Fas receptor, and
activated caspases confirm the apoptotic cell eltmon in viral infected cells (76,
201). Apoptosis is essential for the control anoniglation of viral infections, as
hepatocytes induce apoptosis as a host defencasagaral infections. However,
despite enhanced hepatocyte apoptosis, viral psmses may be observed (33). In
addition, CTL are known to play a crucial role re tclearance of viral infection through
apoptosis, and in the immuno-pathogenesis featirgsal hepatitis (135).

From all of this, the induction or inhibition of @ptosis by drugs in hepatitis
diseases may help or worsen liver condition, esgigcin viral hepatitis. Therefore,
more detailed investigations are still needed; ndigg drugs role in apoptosis pathway.
As Panasiuk et al. (135) stated that, the pharrmgal inhibition of apoptosis may
favor chronic viral infection persistence and oregsis and even intensify its
replication. Thus, the antiviral effect of intedarmay be mediated through neutralizing
antibodies, prevent virus cell entry, and/or inttuttof apoptosis, which lead to viral
infected cells elimination. Others support the owtthat apoptosis may represent a
mechanism for viral shedding rather than for veéimination, thereby inhibition of
apoptosis could improve hepatitis C, moreover itidac of apoptosis upon viral

infection may contribute to liver failure (95).

In this thesis, a new model of experimental hejgabit rats using toxic doses of
fluvastatin was tested. From the results, fluvastahowed to cause a liver damage
pattern in dose dependent. While, rats toleratedg2kg/day fluvastatin, they started to
suffer when this dose was doubled. Rats showeds sl symptoms of toxicity,
especially in body weight, and their blood paramsethowed a decrease in glucose,
albumin, triglycerides, at same time they showediramease in HDL and necrotic
markers (ALT, and AST). Moreover, the AST to ALTicawas higher than 2:1. As for

liver apoptotic parameters, they showed a cormabetween fluvastatin dose and
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caspase-3, indicating increase in apoptosis. Neskeds, from DNA electrophoresis,
necrosis and DNA fragmentation were more dominatimlgn DNA ladder pattern.

Thus, it can be concluded that fluvastatin can $eduo induce a hepatitis model in
experimental Wistar rats, and liver cell reacheghhdegree of damage by dose
increasing that both cell death pathways (necrasd apoptosis) were noted, although
necrosis was more pronounced. Also from apoptarameters, the induced apoptosis
may mediate by external immunological pathway nathean intrinsic pathway,

resembling the immunopathological pattern of hejgati

As for challenging this new model with two knownplag&protective drugs, the
changes in liver homeostasis, production, metatolias well as liver cell death
markers were observed. The first drug, Silymasnthe most popular natural drug that
is used over the world as hepatoprotective. Thatogpotective action of silymarin was
reputed to its regulatory action on cellular andogtiondrial membrane permeability,
neutralization and scavenging of free radicals ,(4d}i-inflammatory properties (84),
and/or protective effect in minimizing induced neh@ndrial membrane perturbations
and lowering the level of mitochondrial reactiveyg&n species production (33).
Silymarin use among patients with advanced hepafti related liver disease is
associated with reduced progression to cirrhosig, llas no impact on clinical
outcomes. Although, silymarin does not affect viraplication, it might play a
beneficial role in viral hepatitis by its inhibigpraction on the inflammatory cascade
induced by viral infection (4). However, Wellingtat al. (190) stated that silymarin
was largely ineffective in patients with viral héiga.

Results showed that silymarin has managed to aratdiohe toxic symptoms of
fluvastatin, such as body weight, glucose, trighdes, albumin, and liver enzymes,
however just in groups subjected to the lowestctaldse of fluvastatin 25 mg/kg/day.
In addition, it stimulated apoptotic parameterspase-3 and p53. Thus, the conclusion
is silymarin may be efficient hepatoprotective drmgt under stressful challenge, it
showed that its helpful effect is limited to thenithg and degree of liver damage, and its
effect was more pronounced in parameters of liyp@p#osis than in liver metabolism
and necrosis.

Thesis results agreed with Freedman et al. (5@ ment that in order to exert

an effect, silymarin must be used early in the aseprogression process. The sooner
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the drug was given, the more effective was itsqmtdn. The importance of silymarin
administration timing was shown in silymarin thexapc activity against death cap
(Amanita phalloides) mushroom poisoning. When silymarin (15 mg/kg) was
administered intravenously 60 minutes before lettiase of phalloidin, silymarin
protected all animal species tested. When, silymaras injected 10 minutes after
phalloidin, it still afforded similar protection banly at 100 mg/kg. The longer the time
that has elapsed after administration of the tothme, less effective the drug becomes,

and after 30 minutes, it is no longer effectivereaehigh doses (97).

The other drug investigated in this thesis, DDBa i€hinese drug used also as
semi-natural safe hepatoprotective and sometimes &mown as anti-hepatitis. The
hepatoprotection of DDB may attribute to its’ stiation of hepatic mitochondrial GSH
antioxidant system (78), its’ decreasing effect ljpid peroxides (38, 42), its’
inflammatory responses inhibition (89, 150), andits’ directly protection of
hepatocyte DNA from oxidative damage (53).

Results showed that DDB was effective in helping #mimals toxicated with
Fluvastatin, in decreasing the loss in body weigahding to normalize glucose,
triglycerides, HDL, and albumin. In addition, it shed pronounced effect in
maintaining normal liver aminotransferases actwitiespecially ALT, in low level.
However, most of these actions were effective amlsats minimally toxicated with 25
mg/kg/day fluvastatin, same as silymarin. As foo@tpsis, DDB was less effective than
silymarin in inducing the cells towards intrinsipagtosis pathway. From above, it can
be concluded that DDB may be efficient hepatoptotecdrug for stressful liver
condition also when administered at the beginnihdiver impairment. In addition,
DDB effect was more pronounced in adjusting paransebf liver metabolism and
necrosis rather than liver apoptosis.

DDB may have a more direct repairing effect on éiskatin melvonate pathway,
which is a probable cause for statin toxicity, thiushowed a better hepatoprotection
than silymarin in this new model especially in boalgight parameters. However, as
blood and hepatic parameters were studied, botipsdshowed nearly the same action.
Even though there was a difference in hepatitis ehatsulting agent, Abdel Hameid
(2) also stated that DDB showed a better hepateptioe effect compared with

silymarin preventing the erythromycin stearate petlliver damage.
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Both drugs tended to restore hepatocytes homesdtasition, decrease necrotic
markers, and induce more apoptosis cell eliminatitowever, they succeeded only at
the lowest toxicity, which means that they may lapful at the beginning only.
However, this does not eliminate that these drugy mepresent a burden to the
impaired liver when the injuring stress overcomd ability to compensate, thus a

caution in such drug use is very much advised.
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Liver is unique organ, it has a very important rolenaintaining body metabolic
homeostasis, and it has its own energy substratege@fense mechanism, which enable
it to withstand most of chemical or biological inpus insults. If these injurious insults,
due to high concentration or prolonged period gfeesxire, exceed hepatocytes ability to
adapt and compensate, impairment in liver condiéind functions start to appear and
subsequently start to affect the whole body. Thusre trials and experimental models
are needed to understand fully the molecular ancleau changes in hepatocytes,
subjected to various grades of liver damage.

In this thesis, a new experimental model for hejgatias set using fluvastatin as
a toxic agent, to cause a gradual and progressiee impairment. Fluvastatin, was
given in gradual toxic doses, starting from 25 @0 Img/kg/day for 7 days. Such
prolonged toxicity was found to cause disturbancemany parameters during the
experiment. As fluvastatin dose increased, animadsly weight gain, serum glucose,
and triglycerides levels were decreased. While tivea liver weight and
aminotransferases levels were increased, indicatimgpatitis condition in the liver.

Interestingly, investigating the liver enzymes leyefluvastatin hepatitis
represented typical drug hepatotoxicity hepatiisA&T to ALT ratio exceeded 2:1. In
addition, fluvastatin toxic doses had an induciffgat on apoptotic pathway, as shown
on caspase-3 activity, however on same time itbitda p53 production. Moreover,
DNA electrophoresis did not detect DNA ladder fragation pattern. This means that
fluvastatin toxicity causes necrosis cell deathst tloverwhelm apoptosis cell
elimination.

Such experimental model induced by fluvastatin, lsarused to investigate the
effect of various drugs on liver subjected to comtius stressful condition, especially
drugs claimed to be hepatoprotective. To investighe effect of such drugs on a
hepatocytes function, parameters reflecting livetaholic and synthetic function and
markers indicating cell membrane, mitochondrial amdclear integrity, and the
inhibition or change in cell death pathways undher influence of such drugs must be
tested.

In this thesis, two popular hepatoprotective druwgse challenged with the new

experimental model. The first drug is European pexpnatural hepatoprotective drug
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“Silymarin” that extracted fronsilybum marianum. The second drug is Chinese popular
hepatoprotective drug “DDB” that is a chemical $wiic product mimic one ingredient
(shisandrin C) ofchisandra chinensis plant.

At first, DDB had shown more protective effect tralymarin in preserving rats’
body weight. However, after investigating rest ofet biochemical and apoptotic
parameters, both drugs showed nearly the samecpvataction. Both drugs tended to
preserve hepatocyte membrane, as indicated by d#teea@ke in necrotic markers
especially ALT. In addition, both tended to pregeglucose and triglycerides normal
homeostasis level. Both silymarin and DDB inducedpase-3 activity, which can be
explained that they tended to direct the liver scathore towards apoptosis cell
elimination rather than necrotic cell death. Howevbkoth drugs efficiency was
observed only at the lowest fluvastatin toxic d428 mg/kg/day) which was the
maximum tolerated dose by rats.

From all of this, it can be concluded that hepattgmtive efficiency of these
drugs depends mostly on their dose and time of midtration. When they used at the
beginning of liver impairment, they tend to helg tliver regain its previous healthy
condition, as hepatocytes also tend to recover @pair itself by its protective
mechanism. Such outcome directs minds to think othex true value of all
hepatoprotective drugs, natural or chemical. A tthee efficiency is debatable, their
mechanism of action are still not fully understottey may have a negative impact of
natural repairing process of hepatocytes, and #i&y may represent a burden to the
impaired liver, and hinders its tendency to reg@rfiunction.

Accordingly, it is recommended that all hepatopcbte drugs to be more
thoroughly investigated prior release in marketgdatient use, as they may disturb the
balance of liver cells proliferation and eliminaticSuch action can be masked by the
natural progress of liver disease. Moreover, adliggatic patients to avoid consuming
various hepatoprotective drugs under the claim dreynatural and non-toxic, and they
should always notify their physician or medicalfistathey consumed such drugs to
enable the medical staff of rescuing them in emerigs from liver toxicity by such

drugs.
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8. Abstract

As experimental models are always needed to iryedstithe changes in
hepatocytes under various liver damage condititmgastatin was used in this thesis as
a toxic agent in order to develop gradual and megjve liver damage. Fluvastatin was
administered orally to male Wistar rats in doséds: 50, 75, and 100 mg/kg/day for 7
days. These toxic doses caused a condition reserhblgatitis, which disturbed rats’
body weight, serum glucose, serum triglyceridesj aminotransferases levels. In
addition, fluvastatin toxicity directed injured repcytes elimination by two pathways
necrosis and apoptosis, however, necrosis pattaeonganied with inflammatory liver
condition was more predominant than apoptosis.

Such challenging new experimental model helpedhwrestigating the effect of
two hepatoprotective drugs (Silymarin 140mg/kg/dayd DDB 100mg/kg/day) on
damaged hepatocytes. In addition, from resultsh lbugs showed a tendency to
preserve hepatocyte membrane, and induce apogtielimination. However, they
succeeded only at the lowest fluvastatin toxic d@&emg/kg/day), whereas at higher
doses necrosis dominated.

It can be concluded that fluvastatin can be use@stablish rat experimental
hepatitis model, and hepatoprotective drugs cabhdmeficial only if given as early as

possible at the beginning of liver disease.
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Streszczenie

Wykorzystupc modele déwiadczalne mgna badad zmiany w hepatocytach
rézne stadia uszkodzenia atkoby. W przeprowadzonych badaniach zastosowano
fluwastatyre jako toksycznysrodek, powodujcy stopniowy oraz pogbujacy rozwoj
uszkodzenia wtroby. Fluwastatyna byta podawana doustnie samcnusdw Wistar
w dawce 25, 50, 75 i 100mg/kg mc/doprzez 7 dni. Toksyczne dawki uszkadzaty
watrobe powodujc zmiany w parametrach takich jak masa cialezestie glukozy i
triglicerydow oraz zwikszapc aktywndgci enzymatyczne aminotransferaz. Toksyczne
dziatanie fluwastatyny wywotatémier¢ hepatocytow na drodze zaréwno apoptozy jak i
nekrozy, jednake nekroza byta procesem bardziej domioyn niz apoptoza.

W pracy badano wpltyw dwoch lekéw hepatoochronnycBylinarin
140mg/kg/dzié i DDB 100mg/kg/dzié) wykorzystuac nowy model eksperymentalny.
Oba leki wykazaty ochronny wptyw na stabiéddoton komérek wtrobowych. Wobec
uszkodzonych komoérek indukowaly apopioale tylko przy najmiszej toksycznej
dawce fluwastatyny (25 mg/ kg/ dajejednak przy wikszej dawce wygpowata
nekroza..

Mozna stwierdzt, ze fluwastatyna me by wykorzystana do wyfmienia
rozwoju zapalenia wroby w szczurzym modelu eksperymentalnym oraz
wykorzystanie lekdw hepatoochronnych zady¢ korzystne tylko wtedy, gdy zostan
podane w jak najwczaiejszym stadium chorobyatroby.
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