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ABSTRACT

The current study was undertaken to investigateptitency of two species of brown algae extractmiitngating
thioacetamide-induced liver injury in rats. Thisudy was conducted on six groups, the first groupvesk as
negative control and the groups starting from (2A48re administered with thioacetamide; the secomlg was
left untreated and served as positive control gragnoup 3 and 4 were orally treated with Cystosarigrica fresh
and dry extracts respectively, whereas group 5 @nekre orally administered with Padina pavonicasfreand dry
extracts respectively. Thioacetamide intoxicatealig administered with fresh or dry extracts of ©geria myrica
or Padina pavonica displayed significant inhibitiam liver enzymatic activity in serum. Also, theatment with
fresh or dry Cystoseria myrica or dry Padina pawanextract resulted in significant decline in seraholesterol
and LDL levels. Of note, serum HDL level exhibiseghificant elevation in the groups treated witly éxtract of
Cystoseria myrica. The rat groups receiving dryrastt of Cystoseria myrica or Padina pavonica showed
significant reduction in plasma H202 level, whitms$e treated with fresh or dry Cystoseria myricador Padina
pavonica extract displayed significant depletiorhgpatic H202 level. Plasma total antioxidant capawas found
to be significantly increased in the rat groups adstered with fresh or dry Cystoseria myrica orydPadina
pavonica extract whereas, hepatic level of totdiaidant capacity recorded significant increaserats treated
with fresh or dry extract of Cystoseria myrica aidta pavonica. Worth mentioning , the rat grougesated with
dry or fresh Cystoseria myrica or dry Padina pawanextract showed significant depletion in seruntENevel.
In view of the present results, this study intraglia promising insight on the alleviating role ofstseria myrica
and Padina pavonica extracts against hepatotoxicithuced in rats owing to their hepatoprotectivgpalipidemic,

antioxidant and anti-inflammatory actions

Keywords. Cystoseira myricaPadina pavonicaFucoidan, Hepatotoxicity, Rat.

INTRODUCTION

Marine seaweeds are a valuable food resource vdaotains low calories, and they are rich in vitasniminerals,
proteins, polysaccharides, phenols, steroids aethmwji fiber[1] There are a number of reports regarding the
medicinal importance of seaweeds belonging to Ritageae, Rhodophyceae and Chlorophyceae from atlthe
world [2,3]. They are considered as potential sewtbioactive metabolites for pharmaceutical induand drug
development as seaweeds are able to generate aamge of secondary metabolites (biologically agtithat are
not found in other organisms. These compounds @rduped in response to situations of oxidation exileme
environmental conditions in which they live [4].
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Brown algae are a large group of mostly marine icellular algaewhich are a rich source of variousiva
ingredients including polyphenols and differentysalccharides, namely alginates, laminarins anddacos [5,6].

Extracts from brown algae have been reported asoagfulant [7], antiviral [8], anti- thrombogenanti-tumor [9],
anti- inflammatory[10]and antioxidant besides immomodulatory activities [11].

Liver fibrosis is the excessive accumulation ofrazéllular matrix proteins including collagen tloatcurs in most
types of chronic liver diseases. Advanced liverddis results in cirrhosis, liver failure and portgpertension

which ultimately require liver transplantation. Eivfibrosis and cirrhosis are now among the topctarses of death
worldwide and liver diseasesareamong the top fateses of death in middle-age in many developedtdesr12].

So far, no therapeutic intervention has been astadd to change the course of liver fibrosis . Vileehstill a lot to
learn about the pathogenesis of this disease amd avke the pathways to target for therapy. Howedrering the
recent years, there have been big developmententifging some of the cellular and molecular medsizs
involved.

The goal of the present study was to evaluate ttengial role of crude extract @ystoseira myricaand Padina
pavonicaagainst hepatic injury induced by thioacetamideais.

MATERIALSAND METHODS

I.Materials

1. Thioacetamide (TAA)

TAA was purchased from Sigma Aldrich. Chemical., @8t Louis, Mo, USA) as pure crystals. It was diged in
saline and freshly prepared prior to each injection

2. Collecting brown algae

Brown algae were collected from two different looas along the Red Sea coast. Eystoseira myricanine Kg
was collected from the Napq protected area, Sounhi &Sovernorate, Egypt from the mangroove arealabut 0.5
m depth. While, seven Kg ¢fadina pavonicavas collected from Nuweiba coast, eastern partimmdi eninsula,
Egypt from a coral beach at about 1.5 m de@pstoseira myricaand Padina pavonicawere identified by
Professor Muhammad HegazProfessor of Marine Science, Department of Mario@i®e, Faculty of Science
,Suez Canal University, Ismailia, Egypt.

3. Pretreatment of seaweeds materials

All samples were washed thoroughly with seawatdovieed by tap water immediately after collectiondawere
cleaned from any epiphytes as much as possibleibg fine brush. About half of the quantity©fstoseira myrica
andPadina pavonicavere frozen at about -20° C until use and the diladfrwas air-dried at room temperature in a
darkened room and milled to fine powder.

4. Extracts preparation

The frozen quantity o€ystoseira myricaand Padina pavonicavere defrost, washed in tap water, cut into small
pieces and then mixed with 80% methanol, homogdnizeng electrical blender and extracted three gimih
80% methanol each time. Meanwhile, the resultingiger from each air-dried alga was directly extrectieree
times with 80% methanol each time. At each time #xtract was shaken slowly on a reciprocating eshak
overnight at dark. Then, the extracts were filteresing Buchner funnel under suction and each fidtraas
concentrated using rotary evaporator at 40°Cttileicame free of methanol.

5. Experimental animals

Sixty adult male albino rats of Wistar strain (28dnth-old with body weight between (120-140 g) evebtained
from a breeding stock maintained in the Animal How$ the National Research Centre, Dokki, Giza, Egnd
acclimatized in a specific area where temperat@b1°C) and humidity (55%). Rats were controlledistantly
with 12 hours light/dark cycles at National Resha@entre, Animal Facility Breeding Colony. Rats wdmwused
with ad libitumaccess to standard pellet diet and tap water. Asimare cared for according to the guidelines for
animal experiments.
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After acclimatization period (one week), the anisnakere randomly assigned into six experimental gsq0 rats/
group). The first group was negative control graepeived normal saline solution intraperitoneallp)(twice
weekly for 8 weeks. The groups from second to siwire injected intraperitoneally (i.p) with thiodamide
(SIGMA, USA,; dissolved in 0.9% normal saline sabmfj in a dose of 200 mg/kg b.wt , twice weekly 8oweeks
for induction of liver fibrosis [13]. Then, the sew group was left untreated for 8 weeks (positigatrol). The
third and fourth groups were treated orally withmyricafresh and dry extracts respectively in a dose ofggkg
b. wt. for 8 weeks. While, the fifth and sixth gpsuwere treated orally witR. pavonicafresh and dry extracts
respectively in a dose of 50 mg/kg b. wt. for 8 ke 4].

At the end of treatment period, the animals westefd overnight and the blood samples were withdriam the
retro-orbital venous plexus of all animals undestlayl ether anesthesia [15]. Each blood sampledixaded into
two portions, the first one was collected in hepagd tube and centrifuged at 1800 xg for 10mind4<4E for
separation of plasma. Plasma samples were frozérstaned at -20°C for the determination of hydrogenoxide
(H,0,) and total antioxidant capacity (TAC) content. Whe second portion of each blood sample wacield
in dry clean centrifuge tubes and allowed to &@ot30 min. at 25°C. These samples were then degad at 1800
x g for 15 min at 4°C. The top yellow serum layes pipetted off, without disturbing the white hufayer, in
clean eppendorf tube, frozen and stored at -20tGhe determination of liver enzymes activity (ASALT &
ALP), triglycerides (TG), cholesterol (Chol), LDHDL and tumor necrosis factor alpha (TNJlevels. Animals
were sacrificed and a midline abdominal incisiors\warformed and the whole liver of each animal vaaidly and
carefully excised, thoroughly washed with ice ciddtonic saline, blotted dry and then divided itbk@ portions.
The first portion was weighed and homogenized imatety in 50 mM ice cold phosphate buffer (pH 7d)give
2% homogenate (w/v) then, the homogenate was figged at 1000 xg for 10 min in cooling centrifugetéC and
the supernatant (2%) was used for the determinatiomydrogen peroxide @@, and total antioxidant capacity
(TAC). The second portion was fixed in 10% formalirse for twenty four hours for histopathologicaVéstigation.

II. Methods

1.Biochemical analysis

Serum AST activity was quantified by kinetic gtietive method using Stanbio kit (Texas USA) adiog the
method described by Wilkinsfl6].Serum ALT activity was estimated by Reitman-Frant&lorimetric method
using Quimica Clinica Aplicada S.A. kit (Spairgcarding to Aebi [17]. Alkaline Phosphatase (ALR)skerum was
assayed by kinetic quantitative method using Stahbboratory kit ( Texas, USA) following the methobiBowers
and Mcomb[18].Triglycerides was determined in serbynquantitative enzymatic colorimetric methodngsi
Stanbio kit (Texas, USA) according to the methodMehlefeld [19].Cholesterol in serum was measungdiding
kinetic quantitative method by using Reactivos GHKL (Barcelona, Spain) following the method of N§20].The
determination of serum HDL cholesterol was doneptscipitating method using Reactivos GPL kit (Bdona,
Spain) according to the method of Grove[21].Theinemion of serum LDL cholesterol was performed
spectrophotometrically using Biosystem kit (Spaiagcording to the method described by Assmein
al.[22].Hydrogen peroxide was assayed by colorimetniethod using Biodiagnostic kit (Egypt) followingeth
method of Aebi [23]. Total antioxidant capacity westimated by using Biodiagnostic kit (Egypt) acliog to the
method of Koraceviet al[24].Serum TNFe. concentration was measured by ELISA proceduregusirpurchased
from Ray Biotech Co., Georgia, USA, according te thethod of Brouckaeet al.[25].

2.Histopathological investigation

After fixation of the liver samples from differemgroups in 10% formal saline for twenty four rmuvashing was
done in tap water, then serial dilutions of alcolfwiethanol, ethanol and absolute ethanol ) wereal dse
dehydration. Specimens were cleared in xylene eanbledded in paraffin at 6 in hot air oven for twenty four
hours . Paraffin bees wax tissue blocks were pegbdor sectioning at 4 microns by sledge microtoffiee
obtained tissue sections were collected on gladess| deparaffinized and stained by hematoxylith @osin stains
[26] for histopathological examination through tiectric light microscope.

Statistical analysis

Data were analyzed using Statistical Package foiab8ciences (SPSS) version 13. Results are esquiess means

+ SE of three independent experiments. Statissgghificance of difference was determined usinglysis of
variance (One Way ANOVA). Further statistical arsédyfor post hoc comparisons was carried out usBig test.

A level of p <0.05 was defined as statistically significant. d@atage of difference representing the percent of
variation with respect to the control groups was alalculated.
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RESULTS

Biochemical Parameters

The data inTable (1) reveal that administration of TAA produced seri@attack on liver as indicated by the
significant elevation < 0.05) in each of AST(131.99%), ALT(192.26%) andPA75.91%) activity in serum as
compared to the negative control group. However tthatment witfCystoseira myricar Padina pavonicafresh
or dry extract showed significant reductign<(0.05) in serum AST(-19.32% and-29.62% @rmyricafresh and
dry respectively, -15.15% and -24.7% Rarpavonicaresh and dry respectively), ALT (-22.53% and-J4for C.
myrica fresh and dry respectively, -21.2% and -27.98%Foipavonicafresh and dry respectively),and ALP (-
15.55% and -20.73% fdZ. myricafresh and dry respectively, -12.32% and -19.67#@fgpavonicafresh and dry
respectively) activity relative to the positive ¢ar group.

Table (1): Effect of treatment with brown algae extractson liver functions of ratsbearing hepaticinjury

w AST ALT ALP
Groups (U/L) (U/L) (U/L)

Negative control 56.9 £ 0.¢ 43€+2.1 1075+ 2.

» 1320+ 4.74 1283+5.1% 189.1+4.3%
Positivecontrol (TAA) | 131 g905) | (192.26%) | (75.91%)

) 106551 | 99493 | 150.753
TAA+C.myricafresh | " 1g3500) | (22253%) | (-15.55%)

) 929+44 | 842149 | 149926
TAA+C.myricadry (-29.62%) | (-34.37%) | (-20.73%)

. 1120+35 | 101189 | 165857

TAA+P. pavonica fresh (-15.15%) (-21.2%) (-12.32%)
TAAE P omvomcadry | 994%38 | 024:85 [ 1519520
-P Y | (247%) | (-27.98%) | (-19.67%)

Results are expressed as means + SD for 10 ratsupg
a: significant change compared with the negativetad group.
b: significant change compared with the positivatoal group.
(%): percent of difference with respect to corrasgiag control value.

The findings inTable (2) show significant increase < 0.05) in serum TG (30.01%), Chol (40.24%) and LDL
(57.67%) levels parallel by significant decregse<(0.05) in serum HDL (-23.88%) level in TAA intcated
group in comparison with the negative control group

Table (2): Effect of treatment with brown algae extractson lipid profile of rats bearing hepaticinjury

.\% TG Chol HDL LDL
Group (mg/dL) (mg/dL) (mg/dL) (mg/dL)
Negative control 75.3+6.! | 58.4 5. 26.8+2.: | 16.3+£0.!
Positive control (TAA) | 97-9% 7-L°| BLO 6.3 204058 257 2,08
(30.01%) | (40.24%) | (-23.88%) | (57.67%)
: 88.1+81| 67332 | 236%05 | 202%0.F
TAA+C myricafresh | (10 0196)| (-17.83%) | (15.69%) | (-21.4%)
TAARC.myricadry | 805%73[ 631235 [249:16 | 18818
: (17.77%) | (22.95%) | (22.06%) | (-26.85%)
) 90.7t43| 744+61| 224+12 ] 22.9%1.2
TAA+P. pavonicafresh | ° 7 aco0" | (9.160%) | (9.8%) | (-10.89%)
TAATP. pavonicacry | 844 8.1 649520 (24221419814
: (13.79%) | (-20.76%) | (18.63%) | (-22.96%)

Results are expressed as means + SD for 10 ratsupg
a: significant change compared with the negativetcd group.
b: significant change compared with the positivatoal group.
%: percent of difference with respect to correspogaontrol value.

The treated groups witB. myricaor P. pavonicafresh or dry extracts revealed insignificant daseep > 0.05) in
serum TG level (-10.01% and-17.77% @rmyricafresh and dry respectively; -7.35% and -13.79%Pfgpavonica
fresh and dry respectively) as compared to thetipestontrol group. Significant decreage< 0.05) in Chol level
was observed in the group treated withmyricafresh (-17.83%) and dry(-22.95%) as wellRagpavonicadry (-
20.76%) extracts. Meanwhilmsignificant > 0.05) decrease in serum cholesterol level wagrded in the group
treated with P. pavonicafresh (-9.16%) extract with respect to the positdontrol group. Similarly, serum LDL
level showed significant reductiop € 0.05) in thegroup treated witlC. myricafresh (-21.4%) and dry(-26.85%) as
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well asP. pavonicadry (-22.96%) extractiut it revealed insignificant reductiop ¥ 0.05) in the grougreated with
P. pavonicafresh (-10.89%) extract when compared with the tpasicontrol group. Regarding seruRDL, it
showed significantg < 0.05) increase in thieeated group witlC. myricadry (22.06%) extracwhile, it revealed
insignificant p > 0.05) increase in the treated group v@thmyricafresh (15.69%)P. pavonicdresh (9.8%) or dry
(18.63%) extract as compared to the positive cognaup (Table 2)

The results inTable (3) reveal significant § < 0.05) increase in plasma,®} level in TAA-intoxicated group
(78.72%) as compared to the negative control grBup.as for TAC, it showed significanp € 0.05) decrease in
TAA-intoxicated group (-45.21%) as compared to tiegative control group. Administration of. myricaor P.
pavonicadry extract resulted in significanp (< 0.05) decrease in plasma®j level (-19.64% and -17.26%
respectively). Meanwhile, the administration@fmyricaor P. pavonicaresh extract led to insignificanp & 0.05)
decrease in plasma,8, level (-13.69% and -10.71% respectively) relativehe positive control group. On the
other side, significantp(< 0.05) increase in plasma TAC was detected intrigted groups with eithé®. myrica
fresh (38.75%)C. myricadry (60%) orP. pavonicadry (47.5%) extract with respect to the positieatcol group.
Of note, the treatment with. pavonicafresh extract caused insignificanp & 0.05) increase in plasma
TAC(21.25%)comparing withthe positive control groufl able 3)

Table (3): Effect of treatment with brown algae extracts on plasma oxidant / antioxidant status of ratsbearing hepatic injury

w H,0, TAC
Groups (uM /mL) (mM /L)
Negative control 9.4+0.94 1.46 +£0.05
16.8+ 1.0 | 0.8+1.0012
(78.72%) (-45.21%)
145+0.9 | 1.11+0.06
(-13.69% (38.75%
135+1.2 | 1.28+0.06
(-19.64%) (60%)
15.0+1.1 | 0.97 £0.06
(-10.71%) (21.25%)
. 13.9+0.97 | 1.18 +0.07
TAA+ P. pavonicadry (-17.26%) (47.5%)
Results are expressed as means + SD for 10 ratsupg
a: significant change compared with the negativetad group.
b: significant change compared with the positivatoal group.
%: percent of difference with respect to correspogaontrol value.

Positive control (TAA)

TAA+ C. myricafresh

TAA+ C.myricadry

TAA+ P. pavonica fresh

Table (4): Effect of treatment with brown algae extracts on hepatic oxidant / antioxidant statusof ratsbearing hepatic injury

W H,0, TAC

Group! (uM/g.tissue) | (mM/g.tissue)
Negative control 105.1+6.8 44.4+2.2
- 175.1+12.63| 22.8+0.082

Positive control (TAA) (39.98%) (-48.65%)

. 143.7+586 353+0.7F

TAA+ C. myricafresh (-17.93%) (54.82%)

. 139.9+5.7 37.0+04

TAA+ C.myricadry (-20.1% (62.28%

. 151.9+11.9 327+16

TAA+ P. pavonicafresh (-13.25%) (43.420%)

. 140.9+9.8 36.0+£1.2

TAA+ P. pavonicadry (-19.53%) (57.89%)

Results are expressed as means + SD for 10 ratspg
a: significant change compared with the negativetcd group.
b: significant change compared with the positivatonl group.
%: percent of difference with respect to correspngaontrol value.

The data inTable (4) reveals that the intoxicated TAA group display@hgicant (p < 0.05) elevation in hepatic
H,0, (39.98%) level as compared to the negative comroup. On the contrary, it showed significap&@.05)
reduction in hepatic TAC (-48.65%) when comparéith the negative control group.The groups thatikezkfresh
or dry extract ofC. myricaor dry extract ofP. pavonicaexhibited significant§<0.05 reduction in hepatic D,
levels(-17.93%, -20.1% and -19.53% respectivelygalment with P. pavonicafresh extract induced insignificant
(p > 0.05) reduction imepatic HO, level(-13.25%) level relative to the positive aahtgroup. On the other side
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the groups that receivegl myricafresh or dry extract as well & pavonicaresh or dry extraaxerted significant
(p<0.05) rise in hepatic TAC (54.82%, 62.28%, 43.42% and9% forC. myricafresh,C. myricadry, P. pavonica
fresh P. pavonicadry respectively ) with respect to the positivatrol group.

Histopathological investigation
Histopathological investigation of liver tissue sections of ratsin the different studied groups.

1. Group of rats kept as negative control

Fig1l Fig2
Fig (1) Photomicrograph of liver tissue section of rat in the negative control group showing normal histological structure of the central
vein (cv) and surrounding hepatocytes (h) (H& E X200)
Fig (2) Photomicrograph of liver tissue section of rat in the negative control group showing the magnification of Fig (1) (H& E X400)

2. Group of rats kept as positive control

Fig 3 Fig4
Fig (3) Photomicrograph of liver tissue section of rat in the positive control group showing fibrosiswith inflammatory cellsinfiltration
(m) with acini formation (a) dividing the parenchyma into lobules and nodules (H& E X200)
Fig (4) Photomicrograph of liver tissue section of rat in the positive control group showing the magnification of Fig (4) toidentify the
nodular formation (H& E X400)

Table (5): Effect of treatment with brown algae extr acts on serum TNF-a of ratsbearing hepatic injury

w& TNF-a
Group: (pg/mL)
Negative control 77.14+ 6.2
Positive control (TAA) 104.2 + 5.4%(35.08¢
TAA+ C.myricafresh 87.5 + 5.7(-16.03%
TAA+ C.myricadry 82.5 + 4.8(-20.83%)
TAA+ P. pavonicafresh 94.0 + 3.3(-9.79%)
TAA+ P. pavonicadry 85.9 + 3.2(-17.56%)
Results are expressed as means = SD for 10 ratsupg
a: significant change compared with the negativetia group.
b: significant change compared with the positivatonl group.
%: percent of difference with respect to correspongdaontrol value.
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The results inTable (5) demonstrate significanip (< 0.05) increase in serum TNFievel (35.08%) in TAA-
intoxicated group against the negative control grddeanwhile the groups that receive€d myricafresh or dry
extractor P. pavonicadry extract revealed significarp<0.05 decrease in serum TNFlevel (-16.03%, -20.83%
and -17.56% respectively ). Noteworthy, the grchgt received?. pavonicafresh extract showed insignificamt ¥
0.05) decrease in seruiNF-a level (-9.79%)Wwhen compared with the positive control group.

Fig (5) Photomicrograph of liver tissue section of rat in the positive control group showing formation of acini of anaplastic hepatocytes
(@) in high magnification (H& E X400)

Fig6 Fig7

Fig(6) Photomicrograph of liver tissue section of rat treated with C. myrica fresh extract showing focal area of the hepatic parenchyma

with inflammatory cellsinfiltration (m) in between hepatocytes for ming acini like glandular structure (a) (H& E X200)

Fig (7) Photomicrograph of liver tissue section of rat treated with C. myrica fresh extract showing the magnification of Fig (6) to identify
thefibrosisand inflammatory cellsinfiltration (m) in between hepatocytes forming acini like glandular structure (a) (H& X400)

4. Group of ratstreated by Cystoseira myrica dry extract
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Fig8 Fig9
Fig. (8) Photomicrograph of liver tissue section of rat treated with C. myrica dry extract showing focal area of hepatic parenchyma with
inflammatory cellsinfiltration (m) in between the hepatocytes acini formation (a) (H& E X200)
Fig. (9) Photomicrograph of liver tissue section of rat treated with C. myrica dry extract showing the magnification of Fig (8) (H&E
X400)

5.Group of ratstreated with Padina pavonica fresh extract

Fig 10 Fig 11

Fig.(10) Photomicrograph of liver tissue section of rat treated with P. pavonica fresh extract showing focal area of hepatocytes forming

acini like glandular structure (a) with inflammatory cellsinfiltration (m) (H& E X200)

Fig.(11) Photomicrograph of liver tissue section of rat treated with P. pavonica fresh extract showing the magnification of Fig (10) (H&E
X400)

6.Group of ratstreated with Padina pavonica dry extract

. -
Fig12 Fig13
Fig. (12) Photomicrograph of liver tissue section of rat treated with P. pavonica dry extract showing focal area of hepatocytesforming
acini (a) with inflammatory cellsinfiltration (m) (H& E X200)
Fig.(13) Photomicrograph of liver tissue section of rat treated with P. pavonica dry extract showing the magnification of Fig. (12) (H&E
X400)
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DISCUSSION

The current study was constructed to explore tfieagfy of two species of brown alga€ystoseira myricaand
Padina pavonichagainst TAA-induced hepatic injury in rats. Thisal was achieved through assessment of liver
functions, analysis of lipid panel, evaluation okidant / antioxidantstatus, estimation of inflammatory
intermediator as well as examination of the higialal features of liver tissue.

The present results demonstrate that TAA admitistra&caused significant increase in the activityieér enzymes
(AST, ALT and ALP) in serum. This stems from thakage of these enzymes from liver cells into theutation as

a result of hepatic tissue damage [ZIA}is result could be explained by the generatiofred radicals after TAA
intoxication which could affect hepatic cellular mierane permeability leading to the elevation of ¢ireulating
values of these enzymes[28]hese findings are in agreement with the previdudias which showed that these
enzymes were statistically increased in serumygfeemental animals administered TAA[29,30]

In the present study, TAA significantly increasetum cholesterol, triglycerides and LDL levelssdlthere was
significant decline in the level of HDL due to TAs#ministration. These data indicate the onset stfidbances in
protein, carbohydrate and lipid metabolism as cgusece of TAA intoxication[31,32].

The current results indicate that the administratid TAA experienced significant increase in botasma and
hepatic HO, level paralleled by significant decrease in plasmd hepatic TAC. TAA hepatotoxicity results from
its metabolic conversion to free radical produdi8A S-oxide and TAA S-dioxide produced during cyhoome-
P450-mediated oxidation of TAA[33]. These metalesliattack microsomal lipids leading to their pedation and
production of reactive oxygen species (ROS), sickhaH,0,, super oxide anion O and the hydroxyl radical.
ROS could affect the antioxidant defense mechan@msdecrease the activity of the antioxidant eresym

The present findings demonstrate that TAA intoxaratincreased serum TNi-level. This result could be
attributed to the oxidative stress and the inductibexcess ROS which in turn activates dB[34] and once NF-
kB is activated, a consequent increase in TN§erum level occurf85].

The obtained results show that the administratibnTéA-intoxicated rats withC. myricaor P. pavonicadry or

fresh extract elicited significant reduction in war AST, ALT and ALP activity. This could be achievby the
ability of the active constituents of the crude haetolic extracts of these seaweeds to preservestthetural
integrity of plasma cellular membrane of the hepgies to protect it against breakage by the reagctietabolites
produced from exposure to TAA. This finding is iccardance with Vazquez-Freiet al.[36] who stated thathe

hepatoprotective effect of seaweeds could be atgibto their free radical scavenging activity. sTbroperty of
seaweeds is mostly related to their phenolic cdast@rhlorotanins)[37,38].

The present results reveal that the studied brdgaeaextracts improved lipid profile in TAA-intoxated rats. This
effect has been shown from the significant reductio serum cholesterol, triglycerides and LDL levelimenez-
Escrig andGofii [39] reported that marine macroalgae contaito$terol, desmosterol, sargasterol, stigmasterol,
beta-sitosterol and ergosterol. These compoundd$d caduce serum cholesterol by: 1) interfering witte
endogenous synthesis of cholesterol and 2) competith the cholesterol for the absorption sitegheg small
intestine level. The hypocholesterolemic effectttidse polysaccharides is attributed to the formatib viscous
systems in the small intestine that diminish theespof passage of nutrients such as glucose idd to the blood.
The colloidal particles formed in the intestineaietcholesterol and biliary acids, forming a cdlaif ionic type,
that is later excreted in the feces[4Moreover, brown algae are an important source ioerals such as copper
(4.7 mg 100g-1) [41], in the organic form with grégoavailability[42] Copper can cause an indirect regulation of
cholesterol biosynthesis through the drop in ttticed glutathione (GSH) and the rise in the oxidligitathione
(GSSG). The later decreases the activity of 3-hygh®methylglutaryl-coenzyme A (HMGCoA). This maktwe
reduction of carbon flow through the mevalonatehpaty with consequent inhibition of cholesterol $\eis[43].
Furthermore, brown algae are characterized by lahigh iodine content [41]that has hypocholesterolemic
properties [44]Besides, Dianzarj#5] stated that the sulphur compounds in the bralgae extracts are responsible
for reducing the excessive accumulation of trighides.

It is observed from the present study that broigaeextracts significantly lowered serum LDL levdlhis comes
in line with the study of Raghavendranhal.[46] which indicated that phenolic compounds haal @bility to form
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phenoxyl radicals in the presence of peroxidasesgmting LDL peroxidation and retarding its accuatioin. Xue
et al. [47] mentioned that fucoidans in brown algae possesseanful activity in scavenging free radicals and
inhibiting LDL oxidation[48].

HDL is a free radical scavenger and prevents peation of beta lipoproteins[49]. In the currenidy, rats treated
with brown algae extracts showed great improvenreserum level of HDL, which might be due to theligpof
brown algae active constituents to hasten the dposition of free radical species[46].

Hydrogen peroxide (¥D,) is a reactive nonradical compound that can pateetbiological membranes and
converted into more reactive species such as sioglgen and hydroxyl radicals. The present resotigcate that
brown algae extracts decreased both plasma andihé®, levels in TAA intoxicated rats. Heet al. [50]
reported that brown algaee¢€klonia cava) extract could strongly scavenge® in vitro. This extract showed good
inhibitory effects against DNA damage not only mgthconcentrations but also at low concentrati@i$A damage
is known to be one of the most sensitive biologig®rkers for evaluating oxidative stress represgnthe
imbalance between free radical generation and ieffites of the antioxidant systefpl,52]. The study of
Peerapornpisatt al. [53] indicated that the aqueous polysaccharides fomown algaewere able to reduce free
radicals as it had a strong free radical scavenginility particularly for hydroxyl radical.

In the current study brown algae extracts signifilsaincreased both plasma and hepatic TAC in TAfoxicated
rats. Polyphenols are known to be effective antiamts as they easily transfer a hydrogen atompid peroxyl
radicals to form the aryloxyl, which is incapableazting as a chain carrier or couples with anotiaglical and
thereby quenches the radical process[54]. Fedetiah[55] observed that the radical scavenging activity iaseel
in a group of brown algae with increased phenadiatent. This conversation agrees with He¢al.[56] who proved
the positive correlation between DPPH radical sngiey activity and total polyphenolics inEcklonia cava
enzymatic extracts. Moreover, Athukoradd al. and Siriwardhanaet al. [57,58] reported that antioxidant
compounds from seaweed extracts have better RO&rsgiag activity and inhibitory effect of lipid pexidation
than commercial antioxidants. By the same waysthdy of Peerapornpisat al.[53] demonstrated the antioxidant
activity of brown algae which has been attributedheir ability to reduce oxygen free radicala decreasing
ferrous ion in the assay system. Taken togethesetlproperties of brown algae enable them to eeh@AC of
rats subjected to TAA intoxication.

The results of the present work demonstrate thatir@dtration of brown algae extracts in TAA-intoated rats
reduced TNFe serum level. This result indicates the antiinflamtony properties of these extracts. It has been
reported that the secretion profiles of proinflanboma cytokines, including IL-B, IL-6, TNF-u, and NO were
significantly reduced upon the treatment with saleld polysaccharides from brown algaeitno. This was proved
by the study of Hwanegt al. [59] which explored that sulphated polysaccharifiesn brown seawee8argassum
hemiphyllumhave antiinflammatory effect due to their abililydownregulate NF-KB in the nucleus.

The secondary metabolites from the geflystoseira are polysaccharides, sterols, lipids, terpens raady
diterpenoids which have been isolated as the lidd¢arpenes or acyclic and cyclic meroditerpend@$[ These
metabolites have been suggested to act synerdjigtita exert many pharmacological activities indhgl
antiinflammatory activity[61]

Similarly, the antiinflammatory activity dPadina pavonicaxtract is possibly ascribed to its active compdsien
sterols, fatty acids, aromatic esters, terpendidazyl alcohol and benzaldehyde [&B] which it could effectively
decrease the production of proinflammatory cytogimeluding TNFe..

In conclusion,the present results shed light on the beneficitdces of Cystoseira myricaand Padina pavonica
extracts in management of hepatotoxicity inducedhiyacetamide in rats. The potential role of tekested algae
extracts in regression of hepatic injury was likattributed to the hepatoprotective, hypolipidenaistioxidant and
antiinflammatory properties of their phytochemicétsview of the present data, it seems that bralgae may be a
good source of functional ingredients that can bedufor alleviating liver diseases. However, furtstudies

including detailed toxicity analysis are needediétermine the usefulness of these macroalgae igatiitg such

diseases. Of note, insights into the superior efédéadry algae extract over the fresh one mightakeribed to

concentrating the bioactive ingredients due taajing. Yet it is better to be stored in the drfecm for a long time

without any oxidative deterioration.
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