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ABSTRACT

The present study was conducted to investigate the chemopreventive
effects of garlic extract on carbon tetrachloride (CCl )-induced hepatotox-
icity in male albino rats, were studied for its protective effects against
hepatotoxic, abnormal blood hemolysis and viscosity induced using car-
bontetrachloride (CCl,) inrats. Male Widtar ratswere administered CCl, by
intraperitoneal injection for 7 weeks and received anormal diet or normal
diet with extracted garlic for the same period. Extracted garlic significantly
reduced theliver damage, including fibrosisand fatty infiltration, vaculation,
and sinusoid dilated in a dose dependent manner. Moreover, extracted
garlic significantly decreased the el evation in plasma aspartate aminotrans-
ferase (AST), dlanine aminotransferase (ALT), akaline phosphatase (ALP),
and total bilirubin (P <0.01). It also restored the decreasein blood hemoly-
sis(P < 0.05) and viscosity (P < 0.01) during CCl, treatment. Theseresults
suggested that extracted garlic may protect the liver against CCl4-induced
fibrosis, abnormal blood hemolysis and viscosity. This protective effect
appears due to garlic antioxidant properties.
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Garlic, Allium sativum, is a member of the lily
family that has been cultivated by humansasafood
plant for over 10,000 years. Ancient Egyptian records
mentioned that use of garlic asaremedy for avariety of
diseased®. Recently, it hasbeen found that the sulfur-
contai ning compoundsof garlic haveanti-mutagenesis
and anti-carcinogenesis effects. In vivo studies show
that garlic and its associated sulfur components sup-
press theincidence of tumorsin rodent model g9 %,

Epidemiologica findingsa sodemonstrated aninverse
relationship between garlic consumption and theinci-
dence of the stomach, colorectal and prostate cancer4.
Epidemiologicad studieshavedso suggested that garlic
may have protective effectsagaing cardiovascular dis-
eases®. Garlic asan herbal remedy reducesamullti-
tude of risk factors, which play decisiverolesinthe
genesisand progression of cardiovascul ar abnormali-
ties. Theseeffectsincludeadecreasein LDL- and total
cholesterol, anincreasein HDL-cholesterol, areduc-
tion of serumtriglycerideand fibrinogen concentration,
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lowering of arterial blood pressure and promotion of
organ perfusion, anenhancement infibrinolyss, inhibi-
tion of platel et aggregation, and diminution of plasma
viscosity®l, Furthermore, garlic (2.0%) inthediet, pro-
duced the hypotriglyceridemic effect, gppeared to ben-
eficialy correct theatered osmotic fragility of erythro-
cytesin CCl, action*®l.

Liver injury commonly observed with exposureto
viruses, acohol, drugsand environmenta toxinsresults
inliver fibrosisand eventualy liver cirrhosis. Many
hepatotoxinsrequiremetabolic activation, particularly
by the liver cytochrome (CY) P, enzymesto form
reactive, toxic metabolites, whichinturn causeliverin-
jury inexperimenta animasand humang*27,

Toxicliver injury induced by carbon tetrachloride
(CCl,) isthewell characterized system of thexenobiotic
induced hepatotoxicity and isacommonly used model
for the screening the hepatotoxicity and
hepatoprotectiveactivity of drugs”. CCl, isconverted
totrichloromethyl radical (CCl")) by cytochromeP,,
(CYP), especidly CYP2EL. CCI°, can react with oxy-
gen to form another reactive oxygen species (ROS),
trichloromethylperoxy radica (CCl,00"), whichtrig-
gers lipid peroxidation®. Parenchymal and
nonparenchyma cells especidly activated Kupffer cels,
medi atethe hepaticinflammation processby producing
tumor necrosisfactor- o (TNF- ) and other cytotoxic
cytokine. A previous study showed that the production
of these inflammatory factorsisassociated with the
nuclear factor- x B (NF- « B) pathway and increased
activatingprotein 1 (AP-1) expressioninliver after CCl
, treatment!*>34,

Blood viscosity mediatesthe rel ationship between
blood pressure gradients and blood flow. At afixed
driving pressure, blood flow isindirectly proportional
to the viscosity of blood. Blood isashear thinning
non-Newtonian fluid, meaningitsviscosity decreases
asthe shear rateincreases. The shear rateis deter-
mined by thevel ocity of blood flow and by the size
of the blood vessel. High shear rates are typically
present in large arterieswith high blood flow vel oc-
ity, whereas|ow shear ratesaretypically presentin
themicrocirculation where blood flow vel ocity islow.
Thus, under normal physiologic conditions, thevis-
cosity of blood within the circulation at any instant
or location varies depending on the shear ratewithin

the particular vessdl. Viscosity isdefined asthe fac-
tor of proportionality relating shear stressand shear
rate for the fluidi®).

Therheologic properties of blood depend on he-
matocrit and plasmacongtituents®. Asthecdlular frac-
tion of blood increases, so doesviscosity. Plasmaex-
panders, such ashydroxyethyl starch (HES) and albu-
min, havetheir own distinct rheol ogic propertiesthat
aredifferent from those of blood. A plasmaexpander
used under clinical conditionswill ater blood viscosity
asaconsequenceof both hemodilution and itsinherent
physical properties®.

Theosmoticfragility testisemployedto help diag-
nose different types of anemia, in which the physical
properties of thered blood cell arealtered. Themain
factor affecting theosmotic fragility test isthe shapeof
thered blood cdll, which, inturnisindependent onthe
volume, surfacearea, and function state of red blood
cell membrane.

If red blood cells are placed in an isotonic solu-
tion, 0.85% sodium chloride, water will leavethered
cell. If red blood cellsare placed in a0.25% solution
of sodium chloride, water entersthered blood cell;
the cell swellsup, and eventually hemolyzes or rup-
tures. A spherocyte, whichisamost round, swell up
in 0.25% sodium chloride and ruptures much more
quickly thananormal red cell than the cellsthat have
alarge surface areaper volume, such astarget cells
or sicklecells. Thefragility of thered blood cell issaid
to beincreasewhentherate of hemolysisisincreased.
Anincreased osmotic fragility isfound in hemolytic
anemia. Decreased osmotic fragility occursinliver
disorder and polycythemia. In osmotic fragility test,
wholeblood isadded to varying concentrations of buff-
ered sodium chloride solution and allowed to incu-
bate at room temperature. Theamount of hemolysisis
then determined by reading supernatants on a spec-
trophotometert?,

The consumption of fruitsand vegetables? con-
taining anti oxidants has been found to offer protection
against these diseases. Antioxidants are often added to
foodsto prevent theradical chain reactionsof oxida-
tion, and they act by inhibiting theinitiation and propa-
gation step leading to the termination of thereaction
and del ay the oxidation process®!.
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THE MATERIALSAND METHODS

Preparation of garlicextract

Extracted garlic wasprepared by homogenizing the
required amount of peeled garlicinan appropriatevol-
umeof digtilled water to prepareaconcentration of 20
mg/mi™. Thehomogenate was centrifuged at 3000 g
for 10 minutes to remove particul ate matter and the
supernatant fraction was used for the experiment. Ex-
tracted giscomposed of different beneficial molecules,
especidly antioxidantsand disulfide.

EXPERIMENTAL ANIMALS

Thisstudy was carried out in the Departments of
Physicsand Zool ogy, M ansouraand fayoum Univers-
tiesrespectively. A total of 40 adult albino rats of the
Wistar strain weighing 150 - 200 g wereused inthis
study. They were purchased from theanimal house of
the Department of Urology and Nephrology Centre,
MansouraUniversity. Following an acclimation period
of 2weeks, theratswerekept in plastic cagesat room
temperature of 25+4°C and <30% relative humidity
withal2 hlight/dark cycle. They had accessto stan-
dard laboratory diet and drinking water ad libitum.

Ratsweredividedinto four main groups(n=10) as
follow: 1) the

control rats were treated with corn oil and fed a
normal diet.; 2) Garlic extract-treated group, received
standard diet and ip injected with extracted garlic (200
mg/kg b.w.) daily for aperiod of 7 weeks; 3) CCl,-
treated group, received standard diet supplemented and
weretreated intraperitoneally with CCl, (8% CCl, in
cornoil; 1 ml/ kg body weight twice aweek; Monand
Thu) for 7 weeksto produceslowly reversiblecirrho-
Sis, asdescribed by!**; and 4) CCl, then treated with
garlicextract-treated group, received standard diet and
were supplemented orally with similar dosesof CCl,
and extracted garlicasgroup 3 for thesimilar period of
7 weeks.

BIOPHYSICALASSAYS

Osmoticfragility (OF) for rat RBCs
Norma RBCshemolysiswasdetermined by mea-
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surement of hemoglobin released from thecd Isrdative
tothetotal cellular hemoglobin content. Tenmicroliter
of wholefresh blood wasincubating in 5 ml normal
sdinefor 30 min. Thesampleswerecentrifuged at 3,000
rpmfor 10 min, and the absorbance of the supernatant
was measured cal orimetrically at 540 nmi®. The per-
centage of hemolysi swastaken against completeblood
hemolyss

sample

%H = x100

100%lysis

WhereA_, andA ., . aretheabsorbance of
the hemoglobinreleased from RBCsinnorma saline
and after complete hemolysis, respectively.

Theprocessof osmos swasstudied by mixingsmall
volumes of blood with buffered salinesolutions, (pH
7.4) of different tonicity, in the proportion of 1-100.
Thetest was carried out at room temperature. The os-
motic lysisof RBCsisdetected by therelease of he-
moglobinintotheextracdlular fluid. Theamount of he-
mogl obin appearing in mediawas determined cal ori-
metrically according to the method reported by Dacie
and Lewis?!. Fromthesedata, afragility curve can be
drawn by plotting percentage of hemolysisversusNaCl
concentration.

Rheological properties

Inorder to determinetherheologica properties of
abloodwith anomal ousflow properties, it isnecessary
touseaningrumentinwhich al thesamplesunder test
are exposed to auniform shear stressand shear rate,
and inwhich each of these effectsis separately deter-
minable. Therheometer employed inthisstudy isthe
Brookfield DV-111 Programmable Rheometer. Itisa
cone-plate viscometer that measuresfluid parameters
of shear stressand viscosity at given shear rates. The
applied shear rate was 40-500 s, and the measure-
mentswere carried out at temperature 37°C. The data
was collected from therheometer by the software pro-
gram “Rheocalc for Windows”. Theapparent viscos-
ity of theblood which isnon-Newtonian fluid isnot
constant but rather depends on the magnitude of the
shear stressor shear rate, and can be cal culated asthe
ratio of shear rate to shear stress. It decreases asthe
shear rateincreases (Flow curve). Theanaysisof the
flow curvewas performed by applying the Bingham
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plagticmodd:
F=F,+nD

WhereF isthe shear stress (dyne/cm?) and D isthe
shear rate(s"), andtheyield stress (F, ), and viscosity(n)
can beca culated.

Deter mination of serum biochemical parameters

Serum aspartateaminotransferase (AST), alanine
aminotransferase (ALT), dkaline phosphatase (ALP)
andtotd bilirubin level sweredetermined to assessliver
function by usingaModular Autoanayzer (Roche Di-
agnostics, GmbH, D-68298, Mannheim, Germany).

Histological analysis

Theliver was sectioned and used for histol ogical
analysis. Thetissuewasfixed by immersionin 10%
neutra -buffered formain. Thesamplewasthen embed-
dedin paraffin, diced into 5- um sectionsand stained
with hematoxylin-eosin, followed by blinded histol ogi-
cd assessment. Thedegreeof portd inflammeation, hepa
tocdlular necrogs andinflanmatory cdll infiltrationwas
evaluated. Thehistologica changeswereevaluatedin
non-consecutive, randomly chosen x 200 histological
fidds
Satistical analysis

Datawere presented as mean + standard deviation
(SD). Thedifferencebetween groupswasassessed using
F-test (oneway andlysisof varianceANOVA) by SPSS
program, Version 14.

THERESULTS

Serum biochemical parameters

SarumAST,ALT,ALPandtotd hilirubinleve swere
determined to assessliver function. Ratswith CCl -
induced fibrosisshowed serumlevelsof ALT andALP
higher than those of normal rats. Treatment with ex-
tracted garlic reported these valueswithin the normal
range. Thegatisticaly significant differenceintotd bi-
lirubin concentrationwasfound in thedifferent groups
(TABLE.1).

Histopathological observation

Thenormal architecture of liver was completely
lost inratstreated with CCI, with the appearance of

TABLE 1: thebiochemical assaysof liver functionsin differ-
ent animal groups

T.
Bilirubin
(mg/dl)
48.67+2.11 67.36+3.44 88.02+4.20 1.09+0.07

Treatment ALT (IU/L) AST (IU/L) ALP (IU/L)

Control
group
Garlic
group
(200
mg/kg
b.w.)
CCly
group

(I ml/ kg
b.w.)
CCly &
garlic
group
Values are expressed as M ean+S.E.M. 2Activities of AST, ALT,
ALP and TBil are increased significantly in Group IIl (CCl,
group) than Group | (normal control) and Groupll (P < 0.01).
PActivitiesof AST,ALT, ALPand TBil areinhibited significantly
in Group 1V than Group 111 (CCI, group) (P <0.01).

47.85+2.78 60.66+2.67 92.34+3.32 1.00+0.05

215.23+4.25% 199.33+3.39% 190.98+3.54% 3.07+0.03%

50.78+4.99° 65.23+2.50° 90.18+3.75" 1.15+0.06"

vacuol ated hepatocytes and degenerated nuclei. Vacu-
olization, fatty changes and necrosis of hepatocytes
weresevere. CCl, poisoning ledto theexcessivefor-
mation of deposition of connectivetissueand devel-
opment of scarsand such liver sectionswere shown.
Thehistology of theliver sectionsof normal control
animals showed normal hepatic cellswith preserved
cytoplasm, prominent nucleus and well brought out
thecentral vein. Theliver sectionsof CCl, intoxicated
ratsshowed fatty changes, necrosis, infiltration of lym-
phocytes and Kupffer cells. CCl - induced group was
more severe than other groups. The histopathol ogical
architecture of liver sections of ratstreated with ex-
tracted garlicshowed the moreor lessnormal lobular
featureswithamild degree of necrosis, dilated liver
sinusoids and fat vacuol es almost comparableto the
normal control group (Figure1).

Biophysical assaysresults
Osmoticfragility (OF) curvefor rat RBCs

Changesinthetypicd hemolytic curvefor rat RBCs
exposed to CCL , and other animal groups are shown
inFigure2. Thecurveswere shifted rightinaparallel
manner with increasesin the group of thecarbon tetra-
chloride, wherethe significant increase (P<0.05) in
hemolysis was present in the CCL, treated group
(68.20+32.94) when compared with the control group
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] ¥

Figurel: Histobathology of liver showingthenormal ar chitectureand cellswith granulated cytoplasm and small uniform

]

nuclei of control and garlicliver treatment respectively (A and B, HE X 250). CCl -induced hepatotoxicity ratsshow |oss of
architecture, fibrogisand fatty infiltration (C, HE X 250) CCl,-induced hepatotoxicity ratsand treated with garlic showing
minimal pleomor phism, vaculation, lessdisar rangement and sinusoid dilated (D, HE X 250).
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(61.30+39.32).

Extracted garlic at the dose of 200 mg/kg b.w. can
be significantly reduced the sheer rates of whole blood
viscosity (P<0.01) asshownin Figure 3, wherethesig-
nificant increasein viscosity waspresentinthe CCL,
treated group (10.52+4.50) when compared with the
control group (8.27+2.41).

DISCUSSION

Inthe present study, the capability of extracted garlic
to protect againgt CCl, -induced hepatotoxicity, and oxi-
dative stresswasinvestigated. The hepatotoxicity in-
duced by CCl,isduetoitsactivation by cytochrome
P450 to form a trichloromethyl radical, CCl, The
trichloromethyl radicd leadsto liver damageby aky-
lating cellular proteinsand other macromoleculeswith
asmultaneousattack on polyunsaturated fatty acidsto
produce lipid peroxides®Y. Hepatocellular necrosis
leadsto elevationsof serumAST and ALT activities
and anincreased incidence and severity of histopatho-
logicd hepaticlesonsinras Thepresent sudy reveded
asignificantincreaseintheactivitiesof AST and ALT
on exposureto CCl, indicating considerable hepato-
cdlular injury. Thiselevation could potentidly beattrib-
uted to the release of these enzymes from the cyto-
plasm into the blood circul ation after rupture of the
plasmamembrane and cellular damage by CCl,. Se-
rumAST, ALT and ALPare biomarkersin thediagno-
sisof hepatic damage becausethey arereleased into
thecirculation after cellular damage®. Administration
of garlicor sgnificantly reduced the activity of liver en-
zymesin CCl,- induced rats. Dueto its ability tore-
duce free radical-induced oxidative damage in the
liver™, extracted garlic has been shown to decrease
liver enzymesin serum and prevent liver damageof rats
withliver fibrosg?.

Theprotective effect of extracted garlicwasalso
reflected inthehistologica studies. CCl, treatment in-
creased theincidence and severity of histopathol ogical
hepaticlesionsin rats. The acute hepatotoxic effects
induced by CCl4 admini stration were confirmed histo-
pathol ogically, reveding extens ve hepatocd lular degen-
eration and necrosis, fatty changes, inflammatory cell
infiltration, congestion, and sinusoidd dilatation. The
obtained results are in accordance with those of the

previousreports™®. Incontrast, our histological results
showed that treatment with extracted garlic effectively
protected rats against CCl ,-induced hepatic toxicity.
Treatment with extracted garlic prevented thenecrosis
and theother histopathol ogical changesinduced by CCl,
treatment.

Under normal physiological conditions, low con-
centrations of lipid peroxidation products areaways
seenintissuesand cdlls. In pathol ogica conditions, more
peroxidation products areformed during cell damage.
Thedamageto RBC membranesby CCL ,, isevidenced
by the increased amount of lipid peroxidation prod-
ucts, theincreased membranefluidity, and thereduced
activitiesof membrane-bound enzymes. Oxidativestress
isnormally chalenged by cdllular antioxidant defenses
including reduced glutathione, GPx, and CAT2, The
results of the experiment demonstrated that therate of
percent hemolysiswassgnificantly lower in extracted
garlicgroupinwhich CCL , isused asinducer, indicat-
ing the potential freeradical scavenging effect of ex-
tracted garlic. Thebiochemica mechanismsinvolvedin
the hepatotoxic effect of CCL, arewell documented. It
is now well known that the formation of reactive
trichloromethyl radica sfromthe CCL , metabolismisa
crucid factor inthe pathogengesisof CCL ,in hepato-
toxicity. Besidestothenormal functionsof theliver, is
to excrete the breakdown product of hemoglobin
(namely bilirubin) intothebile. AsCCl, affectsthein-
tegrity of liver cells, by the same manner it affectson
thestructureand function of theerythrocyte membrane,
andincreasetheerythrocytefragility, thisinturnlead to
erythrocyte hemolysisand hemogl obin breakdown!*".

In the present study, ahigher blood viscosity was
foundinthe (CCL ) exposed animalscompared tothe
control animals at different shear rates. Erythrocyte
deformability isone of the parametershaving an effect
on blood viscosity. CCL ,isknowntoimpair membrane
sructureand function. Theeffectson thered blood cell
membranein particular have been intensely analyzed
becausered blood cells(RBC) haveahigh affinity for
CCL ,, containamgjority of the CCL , foundintheblood
stream, and are more vul nerabl e to oxidative damage
thanmany other cellg?4. CCL , wasreported toincrease
the osmotic and mechanic susceptibility of RBC witha
concomitant decreased deformability and ashortened
lifespan. Finally, CCL , increasesthe blood viscosity
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by production of ROS and resulting destruction of the
red blood cell membraneand itsfunction.

From these observations, it can be concluded that
theextracted garlic may suppresstheformation of free
radicals induced hepatotoxicity, abnormal blood
hemolysis and viscosity in rats by alleviating lipid
peroxidation through scavenging of freeradicals, or by
enhancingtheactivity of antioxidants.
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