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ABSTRACT 
 
The current study was undertaken to investigate the potency of two species of brown algae extracts in mitigating 
thioacetamide-induced liver injury in rats. This study was conducted on six groups, the first group served as 
negative control and the groups starting from (2-6) were administered with thioacetamide; the second group was 
left untreated and served as positive control group, group 3 and 4 were orally treated with Cystoseria myrica fresh 
and dry extracts respectively, whereas group 5 and 6 were orally administered with Padina pavonica fresh and dry 
extracts respectively.  Thioacetamide intoxicated group administered with fresh or dry extracts of Cystoseria myrica 
or Padina pavonica displayed significant inhibition in liver enzymatic activity in serum. Also, the treatment with 
fresh or dry Cystoseria myrica or dry Padina pavonica extract resulted in significant decline in serum cholesterol 
and LDL levels. Of note, serum HDL level exhibited significant elevation in the  groups treated with dry extract of 
Cystoseria myrica. The rat groups receiving dry extract of Cystoseria myrica or Padina pavonica showed 
significant reduction in plasma H2O2 level, while those treated with fresh or dry Cystoseria myrica or dry Padina 
pavonica extract displayed significant depletion in hepatic H2O2 level. Plasma total antioxidant capacity was found 
to be significantly increased in the rat groups administered with fresh or dry Cystoseria myrica or dry Padina 
pavonica extract whereas, hepatic level of total antioxidant capacity recorded significant increase in rats treated 
with fresh or dry extract of Cystoseria myrica or Padina pavonica. Worth mentioning , the rat groups treated with 
dry or fresh Cystoseria myrica or dry Padina pavonica extract showed significant depletion in serum TNF-α level.  
In view of the present results, this study introduces a promising insight on the alleviating role of Cystoseria myrica 
and Padina pavonica extracts against hepatotoxicity induced in rats owing to their hepatoprotective, hypolipidemic, 

antioxidant and anti-inflammatory actions. 
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INTRODUCTION 

 
Marine seaweeds are a valuable food resource which contains low calories, and they are rich in vitamins, minerals, 
proteins, polysaccharides, phenols, steroids and dietary fiber[1]. There are a number of reports regarding the 
medicinal importance of seaweeds belonging to Phaeophyceae, Rhodophyceae and Chlorophyceae from all over the 
world [2,3]. They are considered as potential source of bioactive metabolites for pharmaceutical industry and drug 
development as seaweeds are able to generate a wide range of secondary metabolites (biologically active) that are 
not found in other organisms. These compounds are produced in response to situations of oxidation and extreme 
environmental conditions in which they live [4]. 
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Brown algae are a large group of mostly marine multicellular algaewhich are a rich source of various active 
ingredients including polyphenols and different polysaccharides, namely alginates, laminarins and fucoidans [5,6]. 
 
Extracts from brown algae have been reported as anticoagulant [7], antiviral [8], anti- thrombogenic, anti-tumor [9], 
anti- inflammatory[10]and antioxidant besides immunomodulatory activities [11]. 
 
Liver fibrosis is the excessive accumulation of extracellular matrix proteins including collagen that occurs in most 
types of chronic liver diseases. Advanced liver fibrosis results in cirrhosis, liver failure and portal hypertension 
which ultimately require liver transplantation. Liver fibrosis and cirrhosis are now among the top ten causes of death 
worldwide and liver diseasesareamong the top five causes of death in middle-age in many developed countries [12]. 
 
So far, no therapeutic intervention has been established to change the course of liver fibrosis . We have still a lot to 
learn about the pathogenesis of this disease and what are the pathways to target for therapy. However, during the 
recent years, there have been big development in identifying some of the cellular and molecular mechanisms 
involved. 
 
The goal of the present study was to evaluate the potential role of crude extract of Cystoseira myrica and Padina 
pavonica against hepatic injury induced by thioacetamide in rats. 
 

MATERIALS AND METHODS 
 

I. Materials 
1. Thioacetamide (TAA) 
TAA was purchased from Sigma Aldrich. Chemical. Co., (St Louis, Mo, USA) as pure crystals. It was dissolved in 
saline and freshly prepared prior to each injection. 
 
2. Collecting brown algae 
Brown algae were collected from two different locations along the Red Sea coast. For Cystoseira myrica, nine Kg 
was collected from the Napq protected area, South Sinai Governorate, Egypt from the mangroove area at  about 0.5 
m depth. While, seven Kg of Padina pavonica was collected from Nuweiba coast, eastern part of Sinai Peninsula, 
Egypt from a coral beach at  about 1.5 m depth. Cystoseira myrica and Padina pavonica were identified by 
Professor Muhammad Hegazi ; Professor of Marine Science, Department of Marine Science, Faculty of Science 
,Suez Canal University, Ismailia, Egypt. 
 
3. Pretreatment of seaweeds materials 
All samples were washed thoroughly with seawater followed by tap water immediately after collection and were 
cleaned from any epiphytes as much as possible by using fine brush. About half of the quantity of Cystoseira myrica 
and Padina pavonica were frozen at about -20° C until use and the other half was air-dried at room temperature in a 
darkened room and milled to fine powder. 
 
4. Extracts preparation 
The frozen quantity of Cystoseira myrica and Padina pavonica were defrost, washed in tap water, cut into small 
pieces and then mixed with 80% methanol, homogenized using electrical blender and extracted three times with 
80% methanol each time. Meanwhile, the resulting powder from each air-dried alga was directly extracted three 
times with 80% methanol each time. At each time, the extract was shaken slowly on a reciprocating shaker 
overnight at dark. Then, the extracts were filtered using Buchner funnel under suction and each filtrate was 
concentrated using rotary evaporator at 40°C till it became free of methanol. 
 
5. Experimental animals 
Sixty adult male albino rats of Wistar strain (2-3) month-old with body weight between (120-140 g) were obtained 
from a breeding stock maintained in the Animal House of the National Research Centre, Dokki, Giza, Egypt and 
acclimatized in a specific area where temperature (25±1ºC) and humidity (55%). Rats were controlled constantly 
with 12 hours light/dark cycles at National Research Centre, Animal Facility Breeding Colony. Rats were housed 
with ad libitum access to standard pellet diet and tap water. Animals were cared for according to the guidelines for 
animal experiments. 
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After acclimatization period (one week), the animals were randomly assigned into six experimental groups (10 rats/ 
group). The first group was negative control group received normal saline solution intraperitoneally (i.p) twice 
weekly for 8 weeks. The groups from second to sixth were injected intraperitoneally (i.p) with thioacetamide 
(SIGMA, USA; dissolved in 0.9% normal saline solution) in a dose of 200 mg/kg b.wt , twice weekly for 8 weeks 
for induction of liver fibrosis [13]. Then, the second group was left untreated for 8 weeks (positive control). The 
third and fourth groups were treated orally with C. myrica fresh and dry extracts respectively in a dose of 50 mg/kg 
b. wt. for 8 weeks. While, the fifth and sixth groups were treated orally with P. pavonica fresh and dry extracts 
respectively in a dose of 50 mg/kg b. wt. for 8 weeks [14].  

At the end of treatment period, the animals were fasted overnight and the blood samples were withdrawn from the 
retro-orbital venous plexus of all animals under diethyl ether anesthesia [15]. Each blood sample was divided into 
two portions, the first one was collected in heparinized tube and centrifuged at 1800 xg for 10min. at 4°C for 
separation of plasma. Plasma samples were frozen and stored at -20°C for the determination of hydrogen peroxide 
(H2O2) and total antioxidant capacity (TAC) content. While the second portion of each blood sample was collected 
in dry clean centrifuge tubes and  allowed to clot for 30 min. at 25°C. These samples were then centrifuged at 1800 
x g  for 15 min at 4°C. The top yellow serum layer was pipetted off, without disturbing the white buffy layer, in 
clean eppendorf tube, frozen and stored at -20°C for the determination of liver enzymes activity (AST, ALT & 
ALP), triglycerides (TG), cholesterol (Chol), LDL, HDL and tumor necrosis factor alpha (TNF-α) levels. Animals 
were sacrificed and a midline abdominal incision was performed and the whole liver of each animal was rapidly and 
carefully excised, thoroughly washed with ice cold isotonic saline, blotted dry and then divided into two portions. 
The first portion was weighed and homogenized immediately in 50 mM ice cold phosphate buffer (pH 7.4) to give 
2% homogenate (w/v) then, the homogenate was centrifuged at 1000 xg for 10 min in cooling centrifuge at 4°C and 
the supernatant (2%) was used for the determination of  hydrogen peroxide (H2O2) and total antioxidant capacity 
(TAC). The second portion was fixed in 10% formal saline for twenty four hours for histopathological investigation. 
 
II. Methods 
1.Biochemical analysis  
Serum  AST activity was quantified  by kinetic quantitative method using Stanbio kit (Texas USA) according the 
method described by Wilkinson[16].Serum ALT activity was estimated by Reitman-Frankel colorimetric method 
using Quimica Clinica  Aplicada  S.A. kit (Spain) according to Aebi [17]. Alkaline Phosphatase (ALP) in serum was 
assayed by kinetic quantitative method using Stanbio Laboratory kit ( Texas, USA) following the method of Bowers 
and Mcomb[18].Triglycerides was determined in serum by quantitative enzymatic colorimetric  method using 
Stanbio kit (Texas, USA) according to the method of Wahlefeld [19].Cholesterol in serum was measured by using 
kinetic quantitative method by using Reactivos GPL  kit (Barcelona, Spain) following the method of Natio[20].The 
determination of  serum HDL cholesterol was done by precipitating method using Reactivos GPL kit (Barcelona, 
Spain) according to the method of Grove[21].The estimation  of serum LDL cholesterol was performed 
spectrophotometrically using Biosystem kit (Spain) according to the method described by Assman et 
al.[22].Hydrogen peroxide was assayed by colorimetric method using Biodiagnostic kit (Egypt) following the 
method of Aebi [23]. Total antioxidant capacity was estimated by using Biodiagnostic kit (Egypt) according to the 
method of  Koracevic et al.[24].Serum TNF-α concentration was measured by ELISA procedure using kit purchased 
from Ray Biotech Co., Georgia, USA, according to the method of Brouckaert et al.[25]. 
 
2.Histopathological investigation 
After fixation of the liver samples from  different  groups  in  10% formal saline for twenty four hours, washing was 
done in tap water, then serial dilutions of alcohol (methanol, ethanol and absolute ethanol ) were used for 
dehydration.  Specimens were cleared in xylene  and embedded in paraffin at 56oC in hot air oven for twenty  four 
hours . Paraffin bees wax tissue blocks were prepared for sectioning at 4 microns by sledge microtome. The 
obtained tissue sections were collected on glass slides , deparaffinized and stained by hematoxylin and eosin stains  
[26] for histopathological examination through the electric light microscope. 
 
Statistical analysis 
Data were analyzed using Statistical Package for Social Sciences (SPSS) version 13. Results are expressed as means 
± SE of three independent experiments. Statistical significance of difference was determined using analysis of 
variance (One Way ANOVA). Further statistical analysis for post hoc comparisons was carried out using LSD test. 
A level of p <0.05 was defined as statistically significant. Percentage of difference representing the percent of 
variation with respect to the control groups was also calculated. 
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RESULTS 
 

Biochemical Parameters 
The data in Table (1) reveal that administration of TAA produced serious attack on liver as indicated by the 
significant elevation (p < 0.05) in each of AST(131.99%), ALT(192.26%) and ALP(75.91%) activity in serum as 
compared to the negative control group. However, the treatment with Cystoseira myrica or Padina pavonica  fresh 
or dry extract showed significant  reduction (p < 0.05) in serum AST(-19.32% and-29.62% for C. myrica fresh and 
dry respectively, -15.15% and -24.7% for P. pavonica fresh and dry respectively), ALT (-22.53% and-34.37% for C. 
myrica fresh and dry respectively, -21.2% and -27.98% for P. pavonica fresh and dry respectively),and ALP (-
15.55% and -20.73% for C. myrica fresh and dry respectively, -12.32% and -19.67% for P. pavonica fresh and dry 
respectively) activity relative to the positive control group. 
 

Table (1): Effect of treatment with brown algae extracts on liver functions of rats bearing hepatic injury 
 

                Parameters 
Groups   

AST 
(U/L) 

ALT 
(U/L) 

ALP 
(U/L) 

Negative control 56.9 ± 0.8 43.9 ± 2.1 107.5 ± 2.5 

Positive control (TAA) 
132.0 ± 4.7 ª 
(131.99%) 

128.3 ± 5.1ª 
(192.26%) 

189.1 ± 4.3ª 
(75.91%) 

TAA+ C. myrica fresh 
106.5± 5.1b 
(-19.32%) 

99.4 ± 9.3b 
(-22.53%) 

159.7± 5.3b 
(-15.55%) 

TAA+ C. myrica dry 
92.9 ± 4.4b 
(-29.62%) 

84.2 ± 4.9b 
(-34.37%) 

149.9 ± 2.6b 
(-20.73%) 

TAA+P. pavonica fresh 
112.0 ± 3.5b 
(-15.15%) 

101.1 ± 8.9b 
(-21.2%) 

165.8 ± 5.7b 
(-12.32%) 

TAA+ P. pavonica dry 
99.4 ± 3.5b 
(-24.7%) 

92.4 ± 8.5b 
(-27.98%) 

151.9 ± 2.0b 
(-19.67%) 

Results are expressed as means ± SD for 10 rats / group. 
a: significant change compared with the negative control group. 
b: significant change compared with the positive control group. 

(%): percent of difference with respect to corresponding control value. 
 

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

Table (2): Effect of treatment with brown algae extracts on lipid profile of rats bearing hepatic injury 
 

         Parameters 
Group 

TG 
(mg/dL) 

Chol 
(mg/dL) 

HDL 
(mg/dL) 

LDL 
(mg/dL) 

Negative control 75.3 ± 6.5 58.4 ± 5.8 26.8 ± 2.4 16.3 ± 0.9 

Positive control (TAA) 
97.9± 7.1ª 
(30.01%) 

81.9 ± 6.3ª 
(40.24%) 

20.4 ± 0.5ª 
(-23.88%) 

25.7 ± 2.0ª 
(57.67%) 

TAA+C .myrica fresh 
88.1 ± 8.1 
(-10.01%) 

67.3 ± 3.2b 
(-17.83%) 

23.6 ± 0.5 
(15.69%) 

20.2 ± 0.7b 
(-21.4%) 

TAA+C. myrica dry 
80.5 ± 7.3 
(-17.77%) 

63.1 ± 3.5b 
(-22.95%) 

24.9 ± 1.6 b 
(22.06%) 

18.8 ± 1.8b 
(-26.85%) 

TAA+P. pavonica fresh 
90.7 ± 4.3 
(-7.35%) 

74.4 ± 6.1 
(-9.16%) 

22.4 ± 1.2 
(9.8%) 

22.9 ± 1.2 
(-10.89%) 

TAA+P. pavonica dry 
84.4 ± 8.1 
(-13.79%) 

64.9 ± 2.9 b 
(-20.76%) 

24.2 ± 1.4 
(18.63%) 

19.8 ± 1.4b 
(-22.96%) 

Results are expressed as means ± SD for 10 rats / group. 
a: significant change compared with the negative control group. 
b: significant change compared with the positive control group. 

%: percent of difference with respect to corresponding control value. 
 
The treated groups with C. myrica or P. pavonica fresh or dry extracts revealed insignificant decrease (p > 0.05) in 
serum TG level (-10.01% and-17.77% for C. myrica fresh and dry respectively; -7.35% and -13.79% for P. pavonica 
fresh and dry respectively) as compared to the positive control group. Significant decrease (p < 0.05) in Chol level 
was observed in the group treated with C. myrica fresh (-17.83%) and dry(-22.95%) as well as P. pavonica dry (-
20.76%) extracts. Meanwhile, insignificant (p > 0.05) decrease in serum cholesterol level was recorded in the group 
treated with  P. pavonica fresh (-9.16%) extract with respect to the positive control group. Similarly, serum LDL 
level showed significant reduction (p < 0.05) in the group treated with C. myrica fresh (-21.4%) and dry(-26.85%) as 
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well as P. pavonica dry (-22.96%) extracts but it revealed insignificant reduction (p > 0.05) in the group treated with 
P. pavonica fresh (-10.89%) extract when compared with the positive control group. Regarding serum HDL, it 
showed significant (p < 0.05) increase in the treated group with C. myrica dry (22.06%) extract while, it revealed 
insignificant (p > 0.05) increase  in the treated group with C. myrica fresh (15.69%), P. pavonica fresh (9.8%) or dry 
(18.63%) extract as compared to the positive control group (Table 2)     
 
The results in Table (3) reveal significant (p < 0.05) increase in plasma H2O2 level in TAA-intoxicated group 
(78.72%) as compared to the negative control group. But as for TAC, it showed significant (p < 0.05) decrease in 
TAA-intoxicated group (-45.21%) as compared to the negative control group. Administration of  C. myrica or P. 
pavonica dry extract resulted in significant (p < 0.05) decrease in plasma H2O2 level (-19.64% and -17.26% 
respectively). Meanwhile, the administration of C. myrica or P. pavonica fresh extract led to insignificant (p > 0.05) 
decrease in plasma H2O2 level (-13.69% and -10.71% respectively) relative to the positive control group. On the 
other side, significant (p < 0.05) increase in plasma TAC was detected in the treated groups with either C. myrica 
fresh (38.75%), C. myrica dry (60%) or P. pavonica dry (47.5%) extract with respect to the positive control group. 
Of note, the treatment with P. pavonica fresh extract caused insignificant (p > 0.05) increase  in plasma 
TAC(21.25%) comparing with the positive control group (Table 3)     
 

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

               Parameters 
Groups 

H2O2 
(µM / mL) 

TAC 
(mM / L) 

Negative control 9.4 ± 0.94 1.46 ± 0.05 

Positive control (TAA) 
16.8 ± 1.0ª 
(78.72%) 

0.8 ± 1.001ª 
(-45.21%) 

TAA+ C. myrica fresh 
14.5 ± 0.9 
(-13.69%) 

1.11± 0.06 b 
(38.75%) 

TAA+ C. myrica dry 
13.5 ± 1.1b 
(-19.64%) 

1.28 ± 0.06 b 
(60%) 

TAA+ P. pavonica fresh 
15.0 ± 1.1 
(-10.71%) 

0.97 ± 0.06 
(21.25%) 

TAA+ P. pavonica dry 
13.9 ± 0.97b 
(-17.26%) 

1.18 ± 0.07 b 
(47.5%) 

Results are expressed as means ± SD for 10 rats / group. 
a: significant change compared with the negative control group. 
b: significant change compared with the positive control group. 

%: percent of difference with respect to corresponding control value. 
 

Table (4): Effect of treatment with brown algae extracts on hepatic oxidant / antioxidant  status of rats bearing hepatic injury 
 

          Parameters 
Groups 

H2O2 
(µM/g.tissue) 

TAC 
(mM/g.tissue) 

Negative control 105.1 ± 6.8 44.4 ± 2.2 

Positive control (TAA) 
175.1 ± 12.6ª 

(39.98%) 
22.8 ± 0.08ª 
(-48.65%) 

TAA+ C. myrica fresh 
143.7 ± 5.6b 
(-17.93%) 

35.3 ± 0.7b 
(54.82%) 

TAA+ C. myrica dry 
139.9 ± 5.7b 

(-20.1%) 
37.0 ± 0.4b 
(62.28%) 

TAA+ P. pavonica fresh 
151.9 ± 11.9 
(-13.25%) 

32.7 ± 1.6b 
(43.42%) 

TAA+ P. pavonica dry 
140.9 ± 9.8b 
(-19.53%) 

36.0 ± 1.2b 
(57.89%) 

Results are expressed as means ± SD for 10 rats / group. 
a: significant change compared with the negative control group. 
b: significant change compared with the positive control group. 

%: percent of difference with respect to corresponding control value. 
 
The data in Table (4) reveals that the intoxicated TAA group displayed significant (p < 0.05) elevation in hepatic 
H2O2 (39.98%) level as compared to the negative control group. On the contrary, it showed significant (p<0.05) 
reduction in  hepatic TAC (-48.65%) when compared with the negative control group.The groups that received fresh 
or dry extract of C. myrica or dry extract of P. pavonica exhibited significant (p<0.05) reduction in hepatic H2O2 
levels(-17.93%, -20.1% and -19.53% respectively). Treatment with  P. pavonica fresh extract induced insignificant 
(p > 0.05) reduction  in hepatic H2O2 level(-13.25%) level relative to the positive control group. On the other side 
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the groups that received C. myrica fresh or dry extract as well as P. pavonica fresh or dry extract exerted significant 
(p<0.05) rise in hepatic TAC (54.82%, 62.28%, 43.42% and 57.89% for C. myrica fresh, C. myrica dry, P. pavonica 
fresh, P. pavonica dry respectively ) with respect to the positive control group.    
 
Histopathological investigation 
Histopathological investigation of liver tissue sections of rats in the  different studied groups. 
 
1. Group of rats kept as negative control 
 

 
Fig 1                                                                                                    Fig 2 

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                                                                                                                   Fig 4 

Fig (3) Photomicrograph of liver tissue section of rat in the positive control group showing fibrosis with inflammatory cells infiltration 
(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) to identify the 
nodular formation (H&E X400) 

 
Table (5): Effect of treatment with brown algae extracts on serum TNF-α of rats bearing hepatic injury 

 
            Parameters 

Groups 
TNF-α 

(pg/mL) 
Negative control 77.14± 6.2 
Positive control (TAA) 104.2 ± 5.4ª(35.08%) 
TAA+  C. myrica fresh 87.5 ± 5.1b(-16.03%) 
TAA+  C. myrica dry 82.5 ± 4.8b(-20.83%) 
TAA+  P. pavonica fresh 94.0 ± 3.3(-9.79%) 
TAA+  P. pavonica dry 85.9 ± 3.2b(-17.56%) 

Results are expressed as means ± SD for 10 rats / group. 
a: significant change compared with the negative control group. 
b: significant change compared with the positive control group. 

%: percent of difference with respect to corresponding control value. 
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The results in Table (5) demonstrate significant (p < 0.05) increase in serum TNF-α level (35.08%) in TAA-
intoxicated group against the negative control group. Meanwhile the groups that received C. myrica fresh or dry 
extract or P. pavonica dry extract revealed significant (p<0.05)  decrease in serum TNF-α level (-16.03%, -20.83% 
and -17.56% respectively ). Noteworthy, the group that received P. pavonica fresh extract showed insignificant (p > 
0.05) decrease in serum TNF-α level (-9.79%) when 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 

(a) in high magnification (H&E  X400) 
 

3.Group of rats treated with Cystoseira myrica fresh extract 

 
 

Fig 6                                                                                                                         Fig 7 
 

Fig(6) Photomicrograph of liver tissue section of rat treated with C. myrica fresh extract showing focal area of the hepatic parenchyma 
with inflammatory cells infiltration (m) in between hepatocytes forming 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 

the fibrosis and inflammatory cells infiltration (m) in between hepatocytes forming acini like glandular structure (a) (H& X400) 

4. Group of rats treated by Cystoseira myrica dry extract 
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Fig 8                                                                                                                     Fig 9 

Fig. (8) Photomicrograph of liver tissue section of rat treated with C. myrica dry extract showing focal area of hepatic parenchyma with 
inflammatory cells infiltration (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 rats treated 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 cells infiltration (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 rats treated with Padina pavonica dry extract 
 

 
Fig 12                                                                                                               Fig 13 

Fig. (12) Photomicrograph of liver tissue section of  rat treated with P. pavonica dry extract showing focal area of hepatocytes forming 
acini (a) with inflammatory cells infiltration (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 the efficacy of two species of brown algae (Cystoseira myrica and 
Padina pavonica) against  TAA-induced hepatic injury in rats. This goal was achieved through assessment of liver 
functions, analysis of lipid panel, evaluation of oxidant / antioxidant status, estimation of inflammatory 
intermediator as well as examination of the histological features of liver tissue.  
 
The present results demonstrate that TAA administration caused significant increase in the activity of liver enzymes 
(AST, ALT and ALP) in serum. This stems from the leakage of these enzymes from liver cells into the circulation as 
a result of hepatic tissue damage [27]. This result could be explained by the generation of free radicals after TAA 
intoxication which could affect hepatic cellular membrane permeability leading to the elevation of the circulating 
values of these enzymes[28]. These findings are in agreement with the previous studies which showed that these 
enzymes were statistically increased in serum of  experimental animals administered TAA[29,30].  
 
 In the present study, TAA significantly increased serum cholesterol, triglycerides and LDL levels. Also, there was 
significant decline in the level of HDL due to TAA administration. These data indicate the onset of disturbances in 
protein, carbohydrate and lipid metabolism as consequence of TAA intoxication[31,32].  
 
The current results indicate that the administration of TAA experienced significant increase in both plasma and 
hepatic H2O2 level paralleled by significant decrease in plasma and hepatic TAC. TAA  hepatotoxicity results from 
its metabolic conversion to free radical products: TAA S-oxide and TAA S-dioxide produced during cytochrome-
P450-mediated oxidation of TAA[33]. These metabolites attack microsomal lipids leading to their peroxidation and 
production of reactive oxygen species (ROS), such as the  H2O2, super oxide anion O2

−, and the hydroxyl radical. 
ROS could affect the antioxidant defense mechanisms and decrease the activity of the antioxidant enzymes. 
 
The present findings demonstrate that TAA intoxication increased serum TNF-α level. This result could be 
attributed to the oxidative stress and the induction of excess ROS which in turn activates NF-κB[34] and once NF-
κB is activated, a consequent increase in TNF-α  serum level occurs [35].  
 
The obtained results show that the administration of  TAA-intoxicated rats with C. myrica or P. pavonica dry or 
fresh extract elicited significant reduction in serum AST, ALT and ALP activity. This could be achieved by the 
ability of the active constituents of the crude methanolic extracts of these seaweeds to preserve the structural 
integrity of plasma cellular membrane of the hepatocytes to protect it against breakage by the reactive metabolites 
produced from exposure to TAA. This finding is in accordance with Vazquez-Freire et al. [36] who stated that the 
hepatoprotective effect of seaweeds could be attributed to their free radical scavenging activity. This property of 
seaweeds is mostly related to their phenolic contents (phlorotanins)[37,38].  
 
The present results reveal that the studied brown algae extracts improved lipid profile in TAA-intoxicated rats. This 
effect has been shown from the significant reduction in serum cholesterol, triglycerides and LDL levels. Jimenez- 
Escrig and Goñi [39] reported that marine macroalgae contain fucosterol, desmosterol, sargasterol, stigmasterol, 
beta-sitosterol and ergosterol. These compounds could reduce serum cholesterol by: 1) interfering with the 
endogenous synthesis of cholesterol and 2) competing with the cholesterol for the absorption sites at the small 
intestine level. The hypocholesterolemic effect of these polysaccharides is attributed to the formation of viscous 
systems in the small intestine that diminish the speed of  passage of nutrients such as glucose and lipids to the blood. 
The colloidal particles formed in the intestine retain cholesterol and biliary acids, forming a colloid of ionic type, 
that is later excreted in the feces[40]. Moreover, brown algae are an important source of minerals such as copper 
(4.7 mg 100g-1) [41], in the organic form with great bioavailability[42]. Copper can cause an indirect regulation of 
cholesterol biosynthesis through the drop in the reduced glutathione (GSH) and the rise in the oxidized glutathione 
(GSSG). The later decreases the activity of 3-hydroxy-3-methylglutaryl-coenzyme A (HMGCoA). This makes the 
reduction of carbon flow through the mevalonate pathway with consequent inhibition of cholesterol synthesis[43]. 
Furthermore, brown algae are characterized by having high iodine content [41], that has hypocholesterolemic 
properties [44]. Besides, Dianzani [45] stated that the sulphur compounds in the brown algae extracts are responsible 
for reducing the excessive accumulation of triglycerides.  
 
 It is observed from the present study that brown algae extracts significantly lowered serum LDL level.  This comes 
in line with the study of Raghavendran et al. [46] which indicated that phenolic compounds had the ability to form 
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phenoxyl radicals in the presence of peroxidases preventing LDL peroxidation and retarding its accumulation. Xue 
et al. [47] mentioned that fucoidans in brown algae possessed powerful activity in scavenging free radicals and 
inhibiting LDL oxidation[48]. 
 
 HDL is a free radical scavenger and prevents peroxidation of beta lipoproteins[49]. In the current study, rats treated 
with brown algae extracts showed great improvement in serum level of HDL, which might be due to the ability of 
brown algae active constituents to hasten the decomposition of free radical species[46].  
 
Hydrogen peroxide (H2O2) is a reactive nonradical compound that can penetrate biological membranes and 
converted into more reactive species such as singlet oxygen and hydroxyl radicals. The present results indicate that 
brown algae extracts decreased both plasma and hepatic H2O2 levels in TAA intoxicated rats. Heo et al. [50] 
reported that brown algae ( Ecklonia cava ) extract could strongly scavenge H2O2 in vitro. This extract showed good 
inhibitory effects against DNA damage not only at high concentrations but also at low concentrations. DNA damage 
is known to be one of the most sensitive biological markers for evaluating oxidative stress representing the 
imbalance between free radical generation and efficiencies of the antioxidant system [51,52]. The study of  
Peerapornpisal et al. [53] indicated that the aqueous polysaccharides from brown algae were able to reduce free 
radicals as it had a strong free radical scavenging ability particularly for hydroxyl radical. 
 
In the current study brown algae extracts significantly increased both plasma and hepatic TAC in TAA intoxicated 
rats. Polyphenols are known to be effective antioxidants as they easily transfer a hydrogen atom to lipid peroxyl 
radicals to form the aryloxyl, which is incapable of acting as a chain carrier or couples with another radical and 
thereby quenches the radical process[54]. Federica et al. [55] observed that the radical scavenging activity increased 
in a group of brown algae with increased phenolic content. This conversation agrees with Heo et al. [56] who proved 
the positive correlation between DPPH radical scavenging activity and total polyphenolics in  Ecklonia cava 
enzymatic extracts.  Moreover, Athukorala et al. and Siriwardhana et al. [57,58] reported that antioxidant 
compounds from seaweed extracts have better ROS scavenging activity and inhibitory effect of lipid peroxidation 
than commercial antioxidants. By the same way, the study of Peerapornpisal et al. [53] demonstrated the antioxidant 
activity of  brown algae which has been attributed to their ability to reduce oxygen free radicals via decreasing 
ferrous ion in the assay system. Taken together, these properties of  brown algae enable them to enhance TAC of 
rats subjected to TAA intoxication.  
   
The results of the present work demonstrate that administration of brown algae extracts in TAA-intoxicated rats 
reduced TNF-α serum level. This result indicates the antiinflammatory properties of these extracts. It has been 
reported that the secretion profiles of proinflammatory cytokines, including IL-1β, IL-6, TNF-α, and NO were 
significantly reduced upon the treatment with sulphated polysaccharides from brown algae in vitro. This was proved 
by the study of Hwang et al. [59] which explored that sulphated polysaccharides from brown seaweed Sargassum 
hemiphyllum have antiinflammatory effect due to their ability to downregulate NF-KB in the nucleus. 
 
The secondary metabolites from the genus Cystoseiran are polysaccharides, sterols, lipids, terpens and many 
diterpenoids which have been isolated as the linear diterpenes or acyclic and cyclic meroditerpenoids[60]. These 
metabolites have been suggested to act synergistically to exert many pharmacological activities including 
antiinflammatory activity[61]. 
 
 Similarly, the antiinflammatory activity of Padina pavonica extract is possibly ascribed to its active components; 
sterols, fatty acids, aromatic esters, terpenoids, benzyl alcohol and benzaldehyde [62] by which it could effectively 
decrease the production of proinflammatory cytokines including TNF-α. 
 
In conclusion, the present results shed light on the beneficial effects of Cystoseira myrica and Padina pavonica 
extracts in management of hepatotoxicity induced by thioacetamide in rats. The potential role of the selected algae 
extracts in regression of hepatic injury was likely attributed to the hepatoprotective, hypolipidemic, antioxidant and 
antiinflammatory properties of their phytochemicals. In view of the present data, it seems that brown algae may be a 
good source of functional ingredients that can be used for alleviating liver diseases. However, further studies 
including detailed toxicity analysis are needed to determine the usefulness of these macroalgae in mitigating such 
diseases. Of note, insights into the superior effect of dry algae extract over the fresh one might be ascribed to 
concentrating the bioactive ingredients due to air-drying. Yet it is better to be stored in the dried form for a long time 
without any oxidative deterioration. 
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