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ABSTRACT

The present study investigatetie effects ofGinkgo bilobaextract (GBE) an€inkgo bilobaextract
loaded on gold nanoparticles (GBE &AaNin atteruating potassium bromate KBrO3 induced hepatotoxicity.
Rats were divided into eighgjroups (contrgl GBE AuNPs, GBE AuNRBrQ, KBrQ /GBE,KBrQ/AuNPS and
KBrQ/GBE AuNd$}). KBrQ administration resulted insignificant elevatioa in the level of serum alanine
aminotransferase (Al Taspartate aminotransferase (AST), alkaline phosphatase (ALP), totainp(@P),
albumin (Alb), total bilirubin (TB), direct bilirubin (DB), total cholesterol (TC), triglycerides (T@igh density
lipoprotein cholesterol HDL-C), low density lipoprotein cholesterol (LEL), creatinine, ureand uric acid.
KBrQ@ also causeddegeneration at the periphery of thhepatic lobules accompanied byncreased hepatic
oxidative stress markemsalondialdehydgMDA), protein carbonyl(PGQ andnitric oxide(NO)concomitant with
exhausting thehepatic antioxidant moleculesuperoxide dismatase (SOD)catalase (CAT)glutathioneS
tranferase(GST)and reduced glutathione (GSHJreatment with (GBE, AuNRSB GBE AuNPS3gduced the
extent of liver damage induced bKBrQ as indicated by decesedALT,AST ALRTP,Alb, TB, DB, eatinine,
urea, uric andipid profile levelsThesetreatments amelioratedalsothe histopathologicahlternationsof the
liver tissueinduced byKBrQ. In conclusionGinkgo bilba extract I@ded on gold nanoparticlesas the most
efficient in attenuating<BrQ induced hepatotoxicityand thisis thefirst study todemonstrate this.
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INTRODUCTION

Potassium bromat€KBrQ) is a watersoluble whitecrystalline pevder used in laboratory reagents,
oxidizing agents and explosives, fermented beveraged, fish paste in many cmtries. It is ao used as
neutralizingagent in cold wave hair lotions and cosmeffceet al., 2017. KBrQ is often used irfood industry
as a food additive, especially in boeg@roduction (Oztirk et al., 202Q. This ionic compound, consisting of
potassium and bromatsalts, is a strong oxidizing agertithas no medicinal importance but is azttito flouras
a maturing agentBromate was first dicovered tocause tumors in rats in 1982, and subsequshidies
validate its damage to thkver and other organ§Busuyi Koladeet al., 2020.

Administration ¢ KBrQ to rats was found to induce oxidae stressand passively impad the
antioxidant power(Bayomyet al., 201§. Hepatocyte degeneration and necrosis, congestion andllgvg of
tubular cellswere observedin rats treated withKBrQ (Gheth et al., 2019. KBrQ causes primary DNA
oxidative damage and increasesdroxydeoxyguanosing8-OHDG whichis the most abundantxidized DNA
lesion It also causedstructural chromosomal aberrations ibbone marrow cels of rats(Starek & Starek
| 6A SOKDWA O =

Potassium bromatéKBrQ) in varbus consumeitems poses mild to severe toxicity to criticakgans
liver, and brain in the living systems has been categrized as a potential class Il B carcinogen for humans
while it isconfirmedas acarchogen in theexperimental animals attrib@d to its extensive oxidizig property
and mutagenicity For these harmful effects, its usage in food products is banned my mauntries of the
European Union, Canada, and many south American, African, and casiiatnies, ircluding India, China, and
SriLanka, yett is used in countries like the USA and Japan with certain limitaigasemet al., 2016. Also, it
is regrictively orillegally used in many oth@ountries.

The increasing rate of herbal medicineeis gaining approval in Il the public and medical world.
One of such é&rbal productsis GBE Ginkgobilobaleaf has been used in traditional Chinese medi¢inéreat
various conditions for several ges and itis one of the top séihg herbs inUSA Gnkgo biloba (maidenhair
tree) is one ofhe oldest herbal medicines thative been used as therapeutic agents in modern pharmacology.
GBEcontains flavonoids anffavone glycosides, lactone derivativggnkgolide, bilobalide, ascorbic acidpn-
basedsuperoxide, éhydroxykinuretic acid, protocatechuic acid, sterols asmuahilic acid. The major classes of
active ingredients are the ginktides and bilobalidesalso known as terpenes) and the flavong@ubunmiet
al., 2017%.

Ginkgo biloba reduced significantly ALT and AS®f liver, reversed oxidative damagenduced by
mercury in liverand relieved the hepatoge swellirg and necrosi§ S yebal,)2007.

AbdulHamid et al. (2018 reported that the GBE decreased the liver abnormalities induced by
amiodarone in male albinoats. In these studies, the protective properties of GBE were associated with the
active ingredientsud as6% terpenoids such as ginkgolides and bilobalides2484 flavonoid glycosides such
kaempferd, quercetin, and isorhamnet, these active compoundsre reported to preventLPQ reduce
oxidative stress and apoptosisistopathological damageand inhibit inflammation(Singhet al., 2019, I f Py
et al., 2020.

After the advent of nanotechnology, there iggeowing trend about the design, synthesid use of
engineered nanoparticles (NP in dfferent areas including medicine, cosmetiemating, bioremediation,
paints, electronics, and food industriRecentlygold nanoparticleAuNPs) have been regarded as promising
candidates for opticalensors, imaging, drug delivergnd therapeutic apptations due to their size and shape
dependert physical properties and theinherent biocompatibility compared witbther metallic nanoparticles
(Ibrahimet al., 2018.

Gold nanoparticles (AuNPs)are versatile tools, highly sed in biomedical applications, including
targeted transport of some drugsAuNPs inorganic nanoparticlespresent physicochemical properties that
cannot befound in organidnorganic hybridhanostructures. The smalldiamete of AuNP<an beirreversibly
bound tothe cellular DNAKupffer cells present an inceed capacity to assimilate tmanomaterialsand for
this reason they can be used as targetls n case of drug delivergoupled with administrabn of AUNPs
Therefore,AuNPswvere proposedn liver fibrosis therap, reducing liver fibrosis. AuNPsoved their beneficial
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effects inalcohotmethamphdamine-induced liver injuryand acetaminophen inducetiepatorend injury in
rats (Clichiciaet al., 202Q.

Based on these datdhe present study aimed toevaluatethe possibletherapeutic effect ofGBE, AuNPs and
GBEloaded on AuNPsaganst KBrQ induced hepatotoxicity in rats, and to investigate the mechanisms
underlying their effects

MATERIALS AND METHODS
Experimental animals

Forty-eight healthy male Spargue Dawely (SE8ts with 6¢7 weeks old with average weighbf 959
were used for experimenRats were obtained from Egyptian Institute for Serological and Vaccine production,
Helwan, Egypt and were housed in the animalise ofthe Dgartment of Zoology, Faculty of SciendééafrE}
SheikhUniversity. Rats were placed in stainless steel cages containing-etpdedding, renewed every day.
They were kept in a temperatweontrolled environment with a 12 h light/dark cgcl All rds were
acclimatized to the place for one week bedadhe commencement of the experiments. All rats were provided
with normal diet and watewas allowedad libitumduring the study. The experimental protocol was carried out
in accordance with thguide ofthe Naional Research Council for the Care and tfskaboratory Animals and
was approved by the local experimental animal ethics committee of the Departwfedbology, Faculty of
ScienceKafr EiSheikhUniversity.

Animal grouping and mode dfeatment

After one week of acclimatization period, animalsre divided into eight groups, each consisting of six animals
as follows:

1. Control group Rats of this group did not receive any treatment.

2. Ginkgo biloba extract (GBE)treated group: Rats were administeed GBE (100mg/kg bw) by
intragastrduminal gavage (.) twice weeklyfor 4 weeks. The chosen dose of GBE (100 mg/kg bw) was
according to the previous study bébdaet al. (2018).

3. Goldnanoparticles(AuNP$ treated group:Ratswere administeredAuNPg5ug Au/Anima) by i.g. twice
weeklyfor 4 weeks. The chosen dose of AuNPs (5ug Au/Animal) was according to the previous study of
Ibrahim et al. (2018).

4, Ginkgo biloba extract loaded on gold nanoparticles (GBEAuNPsgated group: Rats were
administered GBEAUNPs (100 nigg bw) by i.g. twice weekly for 4 weeksThe chosen dose of
GBEAUNPs (100 mg/kg bw) was accordimgéeious stugesof Yallapragada & Velag@015).

5. Potassium bomate (KBrQ) treated group: Rats wereadministeredKBrQ (100mg/kg bw) by.g. twice
weekly for 4 weeksThe dose oKBrQ (100 mg/kg bw) waghosenaccording to previous stues of
Moubarak et al. (2020.

6. Potassium bromate andsinkgo bilobaextract (KBrQ + GBE) treated groupRats wereadministered
KBrQ (100 mg/kg bw) by.g. twice weekly for 4 weeks alon¢hen rats were administeredGBE (100
mg/kg bw) twice weekly forreother 4 weeksafter termination of KBrQ administration

7. Potassium bromate and Gold nanoparticleKBrQ + AuNPs) treated groufRats wereadministeredby
i.9.KBrQ (100 mg/kg bw) twice weeklfipr 4 weeks alongthen rats were administered5pg Au/Anim§
twice weeky for andher 4 weeksafter termination ofKBrQ administration

8. Potassium bromate andGinkgo bilobaextract loaded on gold nanoparticleskBrQ + GBEAUNPS)
treated group:Rats were by.g.administeredKBrQ (100 mg/kg bw) twice weekly forweeks, then ats
were administered GBEAuUNPs (100 mg/kg bw) twice weekly for another 4 weeks after termination of
KBrQ@ administration.

Chemicals

Potassium bromateKBrQ) is anodorless white crystalline powder. It was obtained in powder form
from EtGamhouria Chendals Compay, (Cairo, EgyptKBrQ was dissolved in distilled water
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Ginkgo bilobaxtract (GBE) was obtained from EMAarm Company for Pharmaceuticaled Medicinal Plants
(Pharma Plaza building, Asma Fahmy Street, Nozha, Nasr City, E¢gipt). GBRvas dissoled in distilled
water.

Gold nanoparticles (AuNPs)asuspensiorof a spheroidal to rod shape. It was obtained from Nano
Gate Company (25 Ibrahim Abo Elaagreet, Abbas ElAkkad, Nasr City, Cairo, Egypt).

Formation of gold nanopsicles

1 mM solution d 100 michloroauric acid (0.034 g) at concentration o3 wasdone according to
the method described bjrulkumarand Sabesan(2010 ; Arundossand Ar, (2013.

Structuralcharacterization of NPs, gold concentrati@nd size

It was carried out using the method Hirahim et al. (2018).
Methods
Blood sampling and liver tissue preparation

At the end of the experimental perio® (veeks) rats were fasted overniglgacrificed 24 hrafter the
lasttreatment and blood sanples were collected iolean centrifuge glass tubes, left to ctben centrifuged at
3000 rpm for 15 minThe clear nohemolyzed gpernatant was quickigollected In labeled Eppendorf's tubes,
the sera weredivided in aliquots aul frozen at -20°C for dfferent biochemical analysis. Liver samples were
cleaned anchomogenized (10% w/v) icold saline Thehomogenatewaskept at-20°Cin labeled Eppendorf's
tubes till used for biochemical estimations Other samples of liver tissueeve sbred in neutralbuffered
formalin (10%fjor histopathological studies.

Biochemical assays

Total protein (TP)was estimated usinghe Biuret methodof Doumas (1975. Albumin (Alb) was
evaluated according tthe method ofDoumaset al. (1997). Total biirubin (TB)and direct bilirubin(DB)was
evaluated according té\bd Elhalemet al. (2016). The levels olanine aminotransferaseALT) and aspartate
aminaransferase AST were accomplished using the method 8chumannand Klauke (2003. Alkaline
phosphatasg ALP)evel was measuredccording to the method oBelfield and Goldberg(1970. Serum urea
(Ur) level was determined bi¥lohamed and Ashour (2019 and creatining(Cr)concentrationwere calculated
accading to Slot (1965. Moreover, serumTotal cholesterol (TC)was determined as desbed bylwata et al.
(1990. TiiglycerideqTG)were determined by the method dRojkinet al. (1974).

Estimation ofantioxidant markers

Superoxide dismutase (SOD) activity was determined by measuring the inhibition of autoxidation of
epinephrine at pH 10.2 and 30 °C accordingMisra and Fridovich (1972. Catalase (CAT) activity was
measured using hydrogen peroxide as the substrate m@ieg to the method previously describedby
Manubolu et al. (2014). Reduced glutathione (GSH) was determined according to the methaallofv et al.

(1974). The determmation of glutathione-Stranferase(GS7 activity was assayed according to the method of
Habig et al. (1974).

Egimation of oxidative stress markes
MalondialdehydgMDA)level was assayed according to the methodba? E-N&lD | ae? &. {1927).

The levels oNOproduction were measuredccording to the method oY ousef andHussien(2015). The levels
of PCaccording to the method dfevineet al. (1990.
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Histopathologcal examination

Liver specimens were dehydrated in ascending grades of ethyl alcohol (70 %, 90 % anddEz0ekh
in xylene and impregnated and embedded in gffin wax. Serial sections of3 micrometers thick were
obtained using a rotary microtome and stained with riidls Haematoxylin and Eosin stain for general
histological examinatiofHarris, 1900.

Satistical analysis

All statistical analyses were conductedingGraph pad prism .B software (Graph pad prism software
Inc., San Diego, CaliforniaSh). Results are presented meant standard error of the mean (SEM) (n=6).
StatisticalComparisas weremade by oneway analysis of variancBANOVA) followedy NeumanrKeuls post
hoc test(Armitage et al., 2008). A significantdifference was considered when the P valasX{).05and any
greater significance level was noted

RESULTS
Characterization of AUNPs

Naroparticles characteristics were monitored by WAS spectrophotometer and by Transmission
Electron Micoscope (TEM). The identification results are presente&ig(1& 2). For the UWIS data, the
absorbance was detected betwedn200:800 nmFig(1l) which ensuresthe presence of the AuNPs in the
suspensionGowri, et al.,2013) On the other hand, the TENMhagesFig(2) have shown a majority of nearly
spherical AgNPs with diameters ranging from 59.9:81.4 nm. Presently, there have been stunning effort to
improve the synthesis of nanoparticles with anticipated sizes and characteristics to grow their biomedical
applications, TEM is one of the reliable methods to detect AuUNPs(8pegi, et al.,2013)

Effect of different treatments on lipid profile levels

Asshown inTable (1),administration of KBreresulted in significant increases in serum levels of total
cholesterol (TC), triglyceride§ @) and low density lipoprotein cholesterol (LO)Las compared to normal
control group. On the other hand, KBradmiristration resulted in a significant reductioin serum level of high
density lipoprotein cholesterol (HBL) as compared to normal contrgroup. Treatment with either GBE,
AuNPs or GBE/AuUNPs significantly reduced serum levels ®f5T&@hd LDC and causg signifi@nt increase in
HDLC as comparetb KBra group.

Effect of different treatments on liver functioriests

As shown in Table2), administration of KBroresulted in significant increases in serum levels of
alanine aminotransferase (ALT), agpte aminoransferase (AST), alkaline phosphatase (ALP), total bilirubin
(TB) and direct bilirubin (DB) as coaned to normal control grnap. On the other hand, KBy@dministration
resulted in a significant reduction in serum levels of total protein &fd)albumin(Alb) as compared to normal
control group. Treatment with either GBE, AuNPs or GBE/AUNPs sighjfiemtuced serum levels &LT, AST,
ALP, TBDBand caused significant increase in serum levels pAlFas compared to KBsgroup.

Effectof different treatments on kidney function tests

As shown in Table (3)administration of KBroresulted in significant increases in serdavels of
creatinine (Cr), urea (Ur), uric acid (UA) as compared to normal control group. Treatment with either GBE,
AuNPs or GB/AUNPs significantly reduced serum levels of GiJdas @mpared to KBrogroup.
Effect of different treatments on oxidatie stress markers in épatic tissue

As shown in Table (4)administration of KBroresulted in significant increasda hepatic tssue
contents of malondialdehyde (MDA), protein carbonyl (P@jicroxide(NO)as compared to normal control

group. On the dter hand, KBroadministration resulted in a significant reduction in superoxide dismutase
(SOD), catalase (CAT)utgthione-Stranferase (GSTYyeduced glutathione (GSH), as compared to normal
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control group. Treatment with either GBE, AuNPs or GBE/AsNREicantly educed tissue contents of MDA
PCand NO and caused significant increase in tissue conteh8ODCAT, GSTand GSHas compared to KBgo

group.
Histologicalexaminations

The normal hepatic lobules are the structural units of the liver; each is formed of cords of hepatocytes
and blodl sinusoids itbetween. The hepatocytes are polyhedral cells witke am rarely twospherical nuclei
and abundant cytoplasm. The cytoplasm of such cells is granular and strongly eosinophilic. The nuclei of the
hepatocytes are large with peripherally disped chromatin and prominent nucleoli. Hepatocytes are oriented
in cads composed o& single row of cells separated from vascular sinusoids by endothelial cells. The central
vein joins to the hepatic vein to carry blood out from the liver. A distinctivepanent of a lobule is thportal
triad (portal spare), which was found running along each of the lobule's corners. The portal area, consists of
five structures: a branch of theepatic artery, a branch of the hepatic portal vein and a bile dastwell as
lymphatic vessels and a branch of the vagus nefRig.3-A,B) control groupshow architectureof hepatic
lobule with normal hepatocytes, portal vein and sinusoifig).@-A,B) GBE group showormal sized, intact
central vein (CV) and intact ldd sinusoid, irdct polyhedral shaped hepatocytes with centrally located
nucleus, separated by blood sinusoié#y.5-A,B) AUNPs group showeidtact CV and hepatocytes arranged in
cord lke pattern, separated by blood sinusoids, at higher magnificatiodivef showing kpatic cords,
separated by blood sinusoids and portal ardég.6-A,B) GBE AuNPs group showetbrmal hepatic
architecture with normal CV (asterisk ), normal blood sinusmid normal hepatic cordFig.(-A,B) KBOs
group showedlilated cerro-lobular bloal sinusoid, degeneration at the periphery of the lobules, Congestion
of the portal vein with inflammatory cells infiltration at the portal arddag.8-A,B) KBIO3+GBE groughowed
mild to moderate dilation of CV and blood sinusoids besidact hepatocytes, B higher magnification of A
Fig.0-A,B) KBO3+AuNPs group showedild dilation of CV and blood sinusoids, beside intact hepatocytes, B
higher magnification of AFig.(L0-A,B) KBIO3+GBEXUNPs group showemhtact hepatocytes, radiatingrdm
normal sizedCV and separated by blood sinusoids

Table (1): lipid profiles of control ah different treated rat groups.

Animal groups GBE KBIOs KBIOs KBIOs
C GBE AuUNPs AUNPS KBIO: + + +
Parameter GBE AuNPs GBE/AuNPs
TC(mgldl) 724 70.1 71.3 69.0 211 164.8 172.0 100.3
9 +1.22 +0.64 +0.88 +1.16 +5.13 +9.67P +9.32b +12.4%
TG (mg/dl) 65.7 54.6 62.9 54.0 178.9 133.2 147.7 84.7
9 +4.28 +3.90 +5.90 +5.02 +7.63 +14.2@b +7.8F +3.150
27.8 29.1 27.1 31.2 14.1 22.0 20.6 27.1
“IDLC (gl +1.4 | +1.68 | +096 | +1.07 | 147 | +083® +1.20 +0.96"
41.6 40.3 39.8 34.9 126.4 96.9 99.1 67.8
LDLC (mg/di) +3.93 | 145 | +1.0 +3.13 | +10.63 | +8.14 +8.46% +6.80

Results are presented as mean +SE for 6 rats in each group.

C Control,GBEGinkgo bilba extract, AuUNPs Gold nanoparticlesoBE AuUNP$nkgo bilobaextract loaded on
gold nanoparticlesKBrQ: Potassium bromate.

a and b: significant as compared to control aBrQ groups, respectively abt®.05.
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Table (2): liver function tests of contrand different treated rat groups.

imal groups GBE KBIOs KBIOs KBIOs
C GBE AuNPs AUNPs KBIOs + + +
Parameter GBE AuNPs GBE/AUNPs

ALT(UIL) 36.0 35.9 36.0 27.7 126.6 64.8 69.2 47.1
+1.85 +3.25 +2.40 +2.51 +9.07 +5.87° +6.720 +5.17°

AST (UIL) 51.6 49.7 51.4 48.5 193.5 97.3 111.4 79.5
+3.136 | #1.715 +4.513 +1.893 +5.6C¢ +1.76% +6.180 +3.320

ALP (UL) 143.8 140.7 142.1 108.8 247.1 212.8 230.5 1941
+7.16 +3.32 +5.88 +12.00 | +7.43 6.71° +21.42° +4.55

TP (g/dl) 6.0 6.8 6.7 7.2 3.7 5.2 4.7 5.6
+0.26 +0.35 +0.20 +0.18 +0.26 +0.23 +0.32 +0.24

Alb (g/dl) 4.1 4.1 3.94 4.1 15 3.3 3.2 3.9
+0.12 +0.21 +0.07 +0.05 +0.18 +0.2% +0.2% +0.09

TB (mg/dl) 0.2 0.2 0.2 0.1 09 0.6 0.7 0.4
+0.03 +0.02 +0.02 +0.01 +0.1P +0.09P +0.05P +0.02

DB ng/dl) 0.1657 | 0.1467 0.1543 0.133 0.41 0.3083 0.3267 0.21
+0.012 | +0.012 +0.011 +0.001 +0.02F +0.009" +0.015% +0.006

Results are presented as mean =SE for 6 rats in each group.

C Control,GBEGinkgo llobaextract, AuUNPs Gold nanoparticlesoBE AuRs Ginkgo bilobaextract loaded on
gold nanoparticlesKBiOs: Potassium bromate.
a and b: significant as compared to control &BIOs groups, respectively ab®.05.

Table (3): Kidney function tests of control drdifferent treated rat groups.

imal groups GBE KBIOs KBIOs KBIOs
C GBE | AuNPs| = | KBO: + + +
Parameter GBE AuNPs GBE/AuNPs
Cr(mald) 0.7 0.7 0.7 0.6 1.4 0.7 0.7 0.7
9 +0.04 +0.05 +0.03 +0.04 +0.16 +0.04 +0.04 +0.06
Ur (mgid) 18.8 17.3 18.9 15.7 46.7 35.3 36.0 24.0
9 +214 | +203 | +1.678| +2.03 | +2.03%° | +2.03° | +2.65° +1.16°
3.2 2.9 3.1 2.2 8.8 7.0 7.9 4.7
i el +050 | +0.39 | +0.36 | +0.34 | 026 | +0.38 +0.35° +0.32

Results are presentesis mean £SE for 6 rats in each group.
C Control,GBEGinkgo bilobaxtract, AuUNPs Gold nangatrticles, GBE AuUNP<inkgo bilobaxtract loaded on
gold nanoparticlesKBiOs: Potassium bromate.
a and b: significant as compared to control &BIOs groups,respectively at M).05.
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Table (4): Oxidative stresand antioxidantmarkers in tepatic tissueof control and different treated rat

groups.
imal groups GBE KBIOs KBIOs KBIOs
C GBE AUNPs AUNPS KBIOs + + +
Parameter GBE AUNPs GBE/AuNPs
AT 1437 | 1236 1353 1128 2278 2027 2079 1701
9 +36.07 | +42.75 | +46.39 | +38.27 | +17.63 | +46.97 +79663 +136.10F
1.1 1.0 11 0.8 45 3.1 4.0 2.3
PC (UmoIDNPH/mMQ) | 07 | 1022 | 2022 | %007 | 025 | +0.38 +0.08 +0.28°
. 79.3 62.7 75.2 60.5 1422 105.4 124.3 93.7
9’9 +575 | +11.21 | +8.98 | +3.15 | +10.03 | +5.1% +3 55 +3.47
SOD (Ufg) 1926 | 1987 | 1920 | 2140 | 67.03 1452 123.3 176.9
9 +7.32 | +6.96 | +6.03 | 557 | +4.08 | +3.08° +5.0gb +7.70
ST 1875 | 1950 | 1934 | 2045 | 126.6 174.3 149.8 184.3
9 +221 | +470 | +3.48 | +1017 | +21% | +490 +10.58 +3.60°
5.2 5.8 5.3 6.1 2.94 46 3.9 438
GST (Ul9) +0.19 | +0.14 | +021 | 022 | 018 | =+03F +0.16° +0.28
] 80.9 85.8 81.6 96.9 25.6 52.0 473 64.8
99 +568 | +8.90 | +9.00 @ +8.44 | +3.7¥° | +4.38 +5 76 +5 46

Results are presented asean +SE for 6 rats in each group.

C Control,GBEGinkgo bilobaxtract, AuNPs Gold nanopaticles, GBE AuNPs5inkgo bilobaxtract loaded on
gold nanoparticlesKBIOs: Potassium bromate.
a and b: significant as compared to control &BIOs groups, espectively at F).05.
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Fig(1): AuNPswere examined by UV/VIS getrophotometer Particles absorbance was maintained at range
between 200:800 nm.
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- Jpg — 6.3pg
rint Mag: 21600x @ 0.7 in 100 nm Print Mag: 21600x @ 0.7 in 100 nm
):00:01 p 11/30/19 HV=100.0kV 9:00:01 p 11/30/19 HV=100.0kV
Direct Mag: 40000x Direct Mag: 40000x

Fig(2): Electron micrograph of AuNPs suspension on Transmission Electricrobtopy (TEM) showing
majority of almost spheroidal to rod shapedold nanoparticles with diaméersranging between 59.9:81.4
nm.

Histologicalexaminations

(6)%

Fig 8) Photomicrogrgh of liver from group normal control showing; A, normatchitecture of liver tissuencluding,
central vein (CV), portal area with portal vein (arrow head), B, normal hepatic cords with normal blood sinusoit
(white arrow). H&E
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Fig @) Phdomicrograph ofliver from group GBE showing; A, normal sized, intachizal vein (CV) and intact blad
sinusoid (arrow head). B, intact polyhedral shaped hepatocytes with centrally located nucleus (arrow) separate:
blood sinusoids (arrow head). H&E.

Fig 6) Photonicrograph of liver from group AuNPs showing; A, intacintel vein (CV) and hepatocygarranged
in cord like pattern (arrow) separated by blood sinusoids (arrow head). B, higher magnification of liver showi
hepatic cords (white arrow) searated by bloal sinusoids (arrow head) and portal area (black arrowgH
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Fig 6) Photomicograph d liver from group GBEAUNPSs showing; A, normal hepatic architecture with normal centre
vein (asterisk ) B, normal blood sinusoid ( white arrow ) , nahhepatic cord (black arrow).

Fig ¥) Photomicrograph of liver frongroup KBOs showing; A, dilatel centro-lobular blood sinusoid (black arrow),
degeneration at the periphery of the lobules(white arrow). B, Congestion of the portal vein with inflamnmateells
infilt ration at the portal area (arrow head).
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Fig 8) Photomigograph of liver from group KBDs+GBE showing; mild to moderate dilation of central vein (CV) anc
blood sinusoids (arrow head) beside intact hepatocytes (arrow) B, higher magnificatifof. H&E.

Fg (9) Photomicrograph of liver from group KBe+ AuNPsIsowing A, mild dilation of cetral vein (CV) and blood
sinusoids (arrow head) beside intact hepatocytes (arrow). B, higher magnification of A. H&E.
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