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Abstract  

Background: In this study, Fucoidan a type of polysaccharide extracted from 

Turbinaria conoides was subjected to invivo acute toxicity, sub-acute toxicity 

study, and invivo anticancer study to find fucoidan effect on Sprague Dawley 

rat (SD rats). An acute toxicity test was executed on matured Sprague Dawley 

rats.  

Result:They were administered with a single dose of 500mg/kg of fucoidan 

extract for 14 consecutive days and their general behavior, mental and 

physical changes along with mortality were observed and then the SD rats 

were subjected to the Sub-acute test and they were administrated with 

50mg/kg, 100mg/kg, and 200mg/kg of fucoidan through oral gavage along 

with Tween 20 for 28 consecutive days and on the 29 day the animals were 

sacrificed and their vital organs were dissected and analyzed for noticeable 

signs of toxicity.  Thus the study was extended to invivo anticancer analysis 

based on the results obtained from  the acute and sub- acute toxicity studies to 

find the breast anticancer potential of the fucoidan. 250 mg/ml of test sample 

fucoidan was administered to 25mg/kg DMBA induced group animals (breast 
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carcinoma induced animals) and it 

was compared with 20mg/kg of 

standard drug Fluorouracil treated 

animals. From the results, it was 

found that test animals in Acute 

and Subacute analysis test groups 

injected with fucoidan extracted 

from Turbinaria conoides showed 

no significant changes in the test 

groups compared to the control groups on further analysis. 

Conclusion SD rats injected with 25mg/kg of DMBA showed significant 

results on treating it with 250mg/kg of test compound fucoidan extracted 

from Turbinaria conoides compared with 20mg/kg of standard drug 

Fluorouracil  thus it is concluded that our test compound contains the 

necessary pharmacological potential in it.  

Keywords: Acute toxicity study, Breast cancer study, DMBA, Invivo study, 

Turbinaria conoides, Sub-acute toxicity study. 

 

Background 

Brown algae have a complex sulfated polysaccharide called fucoidan. Various types of brown 

seaweed have different fucoidan compositions and structural characteristics. Nevertheless, the main 

components of the substance are L-fucose and sulphate, with little amounts of D-galactose, D-

mannose, D-xylose, and uronic acid [1] 

Fucoidan has been thoroughly investigated ever since it was initially isolated from brown 

seaweed in 1913 [2]. Due to the popularity and increase in demand for pharmaceutical drugs derived 

from natural sources, it was not until the last decade or so have researchers focused more on the 

polysaccharides’ broad range of physiological and biological activities [3,4,5] These include 

beneficial cytotoxicity [1], anti-inflammatory [6], antiviral [7] antioxidant [8] and anticoagulant 

activities [1]. Cancer is a serious disease with complex pathological pathways in the human body. 

The implementation of natural anticancer agents has been recognized as a possible alternative to 

conventional chemotherapeutic agents that are associated with minimal survival rates and unpleasant 

side effects [9]  

Fucoidan was reported to suppress the growth of cancer cells in vivo and enhance the immune 

system to subdue the development of tumors [10] 

Turbinaria conoides is a brown algae belonging to the Phaeophyceae family that grows in 

rocky substrates and is found predominantly in tropical marine areas. It's found in the Pacific Islands, 

Vietnam, China, the Indian and Pacific Oceans, Malaysia, Thailand, Japan, Indonesia, the 

Philippines, Singapore, New Zealand, and Australia, among other places. Turbinaria species are 

preferred by echinoids and herbivorous fishes in most tropical locations, resulting in a lower 

concentration of phenolics and tannins. In light of this, recent research developments have 

emphasized on the quest for antibacterial, anti-inflammatory, antioxidant, and anti-cancer properties 

in marine algae [11]  

Thus our previous study confirmed the presence of fucoidan in our selected sample 

Turbinaria conoides and its invitro anticancer property. This study further aims to find the toxicity 

property through acute, sub-acute and anti-cancer study using the SD rats. 

Methodology 

Sample collection, Identification and extraction 

Turbinaria conoides (Phaeophyta) seaweed samples was collected from Mandapam coastal 

area in Ramashwaram, TamilNadu, and India. Scientist Dr. M.U.sharief examined it and identified it 

as Turbinaria conoides   (J. Agardh) kuietz-Sargassaceae. The collected sample was cleaned, air 

dried, powdered and the powdered sample was used for extraction of fucoidan using the standard 

procedure followed by [12]. The extracted fucoidan was used for all the procedures followed in the 

experiment.  

 

Experimental Animals.  

Animal study was done following the OECD Guidelines 423 using the Sprague Dawleys rats. 

SD rats were procured from Biogen, Bangalore and the work was carried out at C.L. Baid Metha 

College of Pharmacy, Department of Pharmacology, Thoraipakkam, Chennai- 600 097, Tamilnadu, 
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India.  The experimental protocols using animals were authorized by Institutional Animal Ethics 

Committee (IAEC), CPCSEA, and New Delhi and received approval number IAEC no: 

14/321/Po/Re/S/01/CPCSEA dated 11.10.2019. All of the animals were kept in a regular habitat 

(22°±3ᵒC).The animals had unlimited access to food and water, as well as a conventional pellet diet 

(Sai Meera foods, Bangalore). Fucoidan was used in Ethnomedicine and recent researchers [13, 14] 

have found it non-toxic on administrating high dosages of 500mg/kg of fucoidan extract mixed with 

tween 20grouping of the animals were shown in the (Table. 1). 

 

Table 1: Grouping of animals in an acute Toxicity study 

S.NO GROUP SPECIFICTION NO.OF RATS 

1. Group-I Vehicle control –Sprague Dawley rats 

received normal water  

6 

2.  Group- II  High dose –received 500mg/kg of 

fucoidan extract from Turbinaria 

conoides 

6 

 

The table shows the grouping of animals for acute toxicity study with high dosage of fucoidan 

administration to SD rats 

Acute Toxicity Study 

An acute toxicity study was performed for 14 consecutive days on SD rats to find any toxic 

effect of fucoidan. Since, fucoidan was considered a traditional medicine, without any mortality even 

on administrating high dosage [13, 14]. So the dosage of 500mg/kg of fucoidan was administrated 

through oral gavage to 6 randomly selected matured rats, were grouped into 2 groups control and the 

high dose group and control group. 

        The animals administered 500mg/kg of fucoidan mixed with tween 20 were monitored 

individually for the first 30 minutes after medication. They were observed closely for the first four 

hours for any hazardous indications, then for the next 24 hours, and every day after that for a total of 

14 days. Individually, the animals were observed and recorded for any toxic indications or pre-

terminal deaths. Individual body weights for all of the animals were measured once a week to see 

any significant changes. Weekly, the colour and consistency of the animal's feces, mucous 

membranes (nasal), and changes in fur and skin, and eyes were studied. 

Invivo Sub- acute Toxicity study 

  For the invivo sub -acute toxicity study, 6 to 8 weeks old Males and female rats with a 

weight (of 150-200gm) were selected and they were segregated into (6 female animals/group) 4 

groups as follows. Group-I Vehicle control group- Sprague Dawley rats received normal water. 

Group -II was Low- dose – Sprague Dawley rats received 50mg/kg of fucoidan extract from 

Turbinaria conoides, Group-III Mid -dose – Sprague Dawley rats received 100mg/kg of fucoidan 

extract from Turbinaria conoides, Group- IV High -dose – Sprague Dawley rats received 200mg/kg 

of fucoidan extract from Turbinaria conoides was administrated for 28 consecutive days. The 

animals were monitored throughout the study. On days 0, 7, 14, 21, and 28 of the trial, changes in 

body weight were noted along with health and clinical indicators of toxicity. All of the animals 

fasted the night before blood was drawn after the study period. Under ether anesthesia, blood 

samples from the abdominal aorta were drawn into two different types of tubes: one with EDTA and 

the other without additives. The anticoagulated blood was promptly examined for hematological 

conditions (tube with EDTA) and the other tube was centrifuged at 3000rpm for 10 min at 4ᵒC to 

obtain the serum for biochemical analysis. Also, the liver and kidneys were dissected for 

histopathological studies. 
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 Invivo Anti-cancer study 

After the toxicity assessment, invivo anticancer potential of fucoidan was determined in selected 

female Sprague Dawley rats.  Six rats were caged in each group. Group-I was taken as the control 

vehicle group, Group-II was administered with 25 mg/kg DMBA mammary carcinoma induced 

animals, Group -III was induced with 250mg/ml of the test compound fucoidan was treated , and 

group-IV consists of 20mg/kg of standard drug fluorouracil treated group. Mammary Carcinoma was 

induced in overnight fasted animals by a single dose (25 mg/kg body weight) of DMBA (7, 12-

Dimethylbenz (a) anthracene) by mixing it with 0.5 ml of olive oil and 0.5 ml of saline by gastric 

intubation. Rats also received a single dose of alpha-tocopherol (200 mg/rat) 1 hour after DMBA 

administration via an intragastric tube [15] After 12 weeks DMBA administration, 250 mg/kg of the 

test compound fucoidan was administered. Based on the results obtained from the sub-acute toxicity 

study, it is found that our test compound showed significant anticancer activity without any adverse 

effect, so the dosage was reduced to find its anticancer potential in the selected dosage. After 

following the standard experimental regimen, the animals were sacrificed by exposure to mild 

diethyl ether anesthesia treatment. Blood was collected in a centrifuge tube with EDTA by heart 

puncture method and serum was separated by centrifugation at 1000 rpm for 10 minutes and utilized 

for various biochemical assays. After that, mammary tissue, liver, and kidney were excised right 

away and washed thoroughly using ice-cold physiological saline and blotted. The organs such as 

mammary tissue, liver, and kidney were excised immediately and thoroughly washed with ice-cold 

physiological saline and blotted dry. A part of the tissues from mammary tissue, liver, and kidney 

was spliced and fixed in 10 % formalin for histopathological analysis. 

Laboratory Investigation 

 The blood drawn from the experimental animals were exposed to hematological and 

biochemical analysis. The EDTA treated whole blood was examined for complete blood count 

analysis like haemoglobin (Hb), red blood cells (RBC), white blood cells (WBC), packed cell 

volume (PCV), and platelets and it was performed by using SYSMEX Kx – 21(Eraba, Transasia) 

automatic haematology analyser. Serum was analyzed with serum liver markers of Aspartate 

transaminase (AST), Alanine transaminase (ALT) and Lactate dehydrogenase (LDH) levels were 

analyzed along with that serum renal functions were analyzed by  the level of Urea (mg/dl), 

creatinine (mg/dl), Uric acid level (mg/dl), total protein (g/dl), and albumin (g/dl) and SOD 

enzymatic assay, Catalase (CAT) enzymatic assay, Glutathione Peroxidase activity GPX, Lipid 

peroxidation assay (LPO) were analyzed. 

 

 Furthermore, mammary gland, liver, and kidney tissues from all treatment groups 

were examined histopathologically using the hematoxylin and eosin dye method. They were 

dissected, stored in 10% normal saline for 48 hours, and then gradually dehydrated by passing 

through various ethyl alcohol-water mixes (50, 80, 95%, and lastly incubated in alcohol). Finally 

embedded in paraffin and cleaned with xylene. For microscopic examination of cells for necrosis, 

fatty alterations, hyaline degenerations, and ballooning deterioration, samples were cut into 

ultrathin slices by an ultra-microtome, stained with hematoxylin and eosin dye, and mounted in a 

neutral deparaffinization xylene (DPX) solution. An Axiostar Plus microscope (Zeiss-Germany) 

was used to take micrographs with a Canon 10.1-megapixel digital camera. 

 

 Statistical analysis 

        The statistical analysis software Graphpad Prism version 5 was used for all 

calculations. Mean SD was used to express experimental results. To calculate statistical 

significance, one-way analysis of variance (ANOVA) and the post hoc Dennett's test were used. 
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Values with p 0.05 were regarded as statistically significant. 

    

 Results 

 Acute Toxicity study 

   In the acute toxicity study, the test groups given a high dose of 500 mg/kg of fucoidan 

extract from Turbinaria conoides showed no symptoms of toxicity, mortality, or behavioral 

abnormalities when compared to the control groups. The weight of the test group administering a 

high dose of 500 mg/ml of fucoidan was monitored on the 1st, 7th, and 14th days of the study and 

showed 250.3± 4.14, 255.4±2.12, and 255.2± 1.05. The results showed no significant difference 

between the test and control groups. Likewise, the water intake of the fucoidan-treated group was 

observed on the 1st, 7th, and 14th days, and it was found to be 69.5±3.04, 64.5±6.0, and 69.6±2.04. 

The results showed no significant difference between the test and the control group. Similarly, the 

food intake of the SD rats exposed to fucoidan extract and normal diet groups was statistically 

calculated, and the test group showed 74.0±2.24 on the I day, 76.4±2.10 on the 7 day, and 76.6±2.40 

on the 14 day. Therefore, these findings revealed that a greater oral dosage of the fucoidan extracted 

from Turbinaria conoides confirmed that the tested SD rats did not experience any substantial 

transience, suggesting that the medicine still had a high margin of safety. (Table. 2, 3, 4). 

This study estimated the median lethal dose (LD50), or the dose that would kill roughly 50% 

of the skilled population. As a result, it was determined that fucoidan extracted from Turbinaria 

conoides was not toxic and that the LD50 value for oral toxicity was 500 mg/kg body weight. 

 

Table.2 Change in the body weight (mg/kg) of control and test groups   after the 

treatment of the fucoidan extracted from Turbinaria conoides. 

 

Dose                                 Days 

1 7 14 

CONTROL     330.1±65.70    330.7± 09.71           340.6 ±2.10 

HIGH DOSE 500mg/kg     250.3± 4.14     255.4 ±2.12           255.2 ± 1.05 

P value (p)* NS NS NS 

N.S- Not Significant, ** (p > 0.01), *(p >0.05), n = 6 values are mean ± S.D  

 

Table 3: Water intake (ml/day) of control and test groups after the treatment of the 

fucoidan extracted from Turbinaria conoides 

 

N.S- Not Significant, (p > 0.01), *(p >0.05), n = 6 values are mean ± S.D) 

 

Dose                                   Days 

1 7 14 

Control       60 ± 1.62 60±1.10 60.1±1.04 

 High Dose 500 mg/ml     69.5±3.04 64.5±6.07 69.6±2.04 

  P value (p)* NS NS NS 
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Table 4: Food intake (mg/day) of control and test groups after the  treatment of the 

fucoidan extracted from Turbinaria conoides 

 

N.S- Not Significant, ** (p > 0.01), *(p >0.05), n = 6 values are mean ± S.D  

 

 Sub-Acute Oral Toxicity Study  

  In the sub-acute oral toxicity studies, The SD rats received 3 different concentration 

(50mg/kg, 100mg/kg and 200mgkg) of fucoidan extracted from Turbinaria conoides for 28 

consecutive days Animals administered with a low dose of 50mg/kg in the group II animals were 

found to be 331.05± 6.22 on day 28. Group-III animals administered with a mid-dose of 

100mg/kg were observed to be 265.8±1.22 on the 28th day. Group-IV animals administered with 

a high dose of 200mg/kg was observed to be 287.1 ± 3.60 and it was compared with the control 

group. The bodyweight of the test groups with mid-dose 50mg/kg showed increased weight 

compared to the control group while a decrease in the body weight of the test group treated with 

100mg/kg and high dose treated with 200mg/kg was observed compared to control group (Table 

5). 

Similarly the water and food intake of the control and test group was observed in the 

control group and in the test groups for 28 days. The intake of water in the control group –I was 

84.5±2.46 on 28th day. Group-II animals with low dosage of 50mg/kg of fucoidan extract the 

water consumption was found to be 90.2±2.10 on 28th day. Group –III test animals administered 

with mid dose 100mg/kg of test fucoidan extract from compound found to consume 95.4±1.42 on 

28th day and the group-IV test animals administered with high dose of 200mg/kg of test 

compound found to consume 86.4±1.38 on 28th day. (Table: 6) The results indicates that all the 

animals have drucked sufficient amount of water as per their need. (Table: 7) depicts the amount 

of feed in taken by the animals as per its need. Throughout the course of the sub-acute toxicity 

study, there were no anomalous deviations, deaths, or bodily alterations. Similarly, there was no 

noteworthy comparative alteration observed in laboratory research to comparison groups that 

amply demonstrate allowing Fucoidan extracted from Turbinaria conoides wasn't fatal to the 

bodily parts like the kidney, liver, and spleen. 

  

Analysis of Hematological parameters  

The test substance Fucoidan was administered to the control and test groups after sub-

acute toxicity experiments were finished. Animals were tested for hematological effects at low 

dose concentrations of 50 mg/kg, mid-dose concentrations of 100 mg/kg, and high dose 

concentrations of 200 mg/kg. In both the control and test groups of animals, blood was drawn 

from the carotid artery and subjected to a hemoglobin test, which included measuring corpuscular 

volume, packed cell volume, mean cell hemoglobin concentration, and red blood cell count 

(RBC) in all four groups. Animals treated at low doses of 50 mg/kg, intermediate doses of 100 

mg/kg, and high doses of 200 mg/kg showed no significant changes. The observation's specifics 

Dose                                     Days 

1 7 14 

  CONTROL         74.4±1.54 72.2±1.62         73.7±1.06 

  HIGH DOSE         74.0±2.24 76.4±2.10         76.6±2.40 

    P value (p)* NS NS NS 
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are provided in (Table.8). 

  

Analysis of Liver Function Parameter 

The levels of glucose, triglycerides, cholesterol, alkaline phosphatase, alanine 

aminotransferase, total proteins, albumin, and creatinine in the liver following fucoidan induction 

were measured in all test group SD rats treated with low dose concentrations of 50 mg/kg, mid-

dose concentrations of 100 mg/kg, and high dose concentrations of 100 mg/kg of the test 

compound fucoidan. The statistical information is shown in (Table: 9). According to the findings, 

there was a drop in glucose, triglycerides, cholesterol, ALT, and ALP levels in the test groups 

compared to the control groups as the test sample concentration was increased. The outcome 

suggests that our test chemical may have therapeutic potential.   

                

Analysis of Biochemical Parameters 
                                   The control and the test group animals treated with low dose 50mg/kg, mid-

dose100mg/kg, and high dose 200mg/kg of the test compound fucoidan extracted from Turbinaria 

conoides was subjected to biochemical analysis to find the blood urea nitrogen (BUN), Lactate 

dehydrogenase, Total proteins, albumin, and creatinine levels using the auto-analyzer. The statistical 

information from the results is shown in (Table .10) and demonstrates a drop in a number of 

biochemical indicators, demonstrating that our extract had no negative effect on the SD rats. 

Table: 5 Body weight of Sprague Dawley rats group exposed to the fucoidan 

extracted from Turbinaria conoides. 

 

 

Table: 6 Intake of water in Sprague Dawleys rats group exposed to the fucoidan extracted 

from Turbinaria conoides. 

Dose Day 1 Day 7 Day 14 Day 21 Day 28 

Control 84.2 ± 1.14 84±1.26 84.6±1.30 84.6±4.06 84.5±2.46 

Low Dose 

50mg/kg 

90.2±1.08 90.2±4.40 90.4±3.24 90.6±1.20 90.2±2.10 

Dose Day 1 Day 7 Day 14 Day 21 Day 28 

Control 302.1±1.14 302.2 ± 1.20 302.3± 0.22 302.4 ± 2.40 302.5 ± 2.22 

Low Dose 

(50mg/kg) 

330.1 ± 10.3 330.4 ± 1.14 330.4± 1.4 331 ± 03.11 331.05± 6.22 

Mid Dose 

(100mg/kg) 

264.3± 4.20 264.5 ± 2.27 265.7 ± 2.29 265.8 ± 8.30 265.8 ± 1.22 

High Dose 

(200mg/kg) 

287± 12.21 287 ± 2.14 287±2.16 287 ± 1.28 287.1 ± 3.60 

P value (p)* NS NS NS NS NS 
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Mid Dose 

100mg/kg 

95.3±1.10 95.3±1.14 95.2±1.12 95.4±1.33 95.4±1.42 

High Dose 

200mg/kg 

86.3±1.10 86.4±1.12 86.3±1.21 86.1±1.33 86.4±1.38 

P value (P0)* NS NS NS NS NS 

 

Table: 7 Food consumed by Sprague Dawleys rats group exposed to the    fucoidan 

extracted from Turbinaria conoides. 

Dose Day 1 Day 7 Day 14 Day 21 Day 28 

Control 378.6± 1.20 378±1.32 378.8±2.30 378.8±2.33 378.2±2.11 

Low Dos 

(50mg/kg) 

356.1±1.42 356.2±1.30 356.4±1.40 357.2±3.41 357.3±1.22 

Mid Dose 

(100mg/kg) 

401.4±1.24 401.3±1.13 401.4±2.42 402.3±1.21 402.7±2.42 

High Dose 

(200mg/kg) 

406.1±1.20 406.2±2.30 406.4±3.32 406.2±3.52 407.4±6.24 

P value (p)* NS NS NS NS NS 

 

Table: 8   Hematological parameters of Sprague dawley rats group exposed to Fucoidan 

extracted from Turbinaria conoides 

Category Control Low dose Mid dose High dose P-value 

(p)* 

Haemoglobin(g/dl) 13.4±0.06 13.4±0.23 13.6±0.16 13.6±0.60 N.S 

Total WBC (×103 µL) 11.5±0.04 11.5±0.03 11.6±0.04 11.60±1.46 N.S 

Neutrophils (%) 25.2±0.02 25.3±0.08 25.5±1.04 25.6±2.12 N.S 

Lymphocyte (%) 70.1±1.21 70.2±1.12 70.2±1.66 70.7±1.76 N.S 

Monocyte (%) 0.01±0.02 0.01±0.04 0.01±0.06 0.01±0.07 N.S 

Eosinophils (%) .04±0.23 .04±0.25 .04±0.41 .04±0.42 N.S 

Platelets cells103/µl 233.13±2.16 233.14±4.30 233.12±1.30 234.4±3.14 N.S 

Total RBC 106/ µl 6.64±0.01 6.64±0.70 6.64±0.07 6.64±0.04 N.S 

PCV% 44.1±0.2 44.10±1.0 44.6±1.12 44.1±2.04 N.S 

MCHC g/dL 35.8±1.10 35.8±0.32 35.8±1.50 36.3±1.30 N.S 

MCV fL(µm3) 56.1±1.01 56.1±3.11 56.9±1.12 56.9±1.14 N.S 
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Table: 9   Liver Function analysis of Sprague Dawley rats exposed to fucoidan extracted from 

Turbinaria conoides 

  

Subacute Histopathology Assessment 

                    The animals were sacrificed once hematological and biochemical investigations 

were finished. Their internal organs, such as the kidneys, liver, and spleen, were taken out, and 

the tissues were kept for histological study by being fixed in the 10% formaldehyde solution. 

Selected organs from the control and test groups underwent examination. The papillary ducts and 

glomerular capsule were both clearly evident in the kidney tissue, which was found to be normal. 

Liver cells were discovered to be normal, showing erythrocytes, hepatocytes, and the major vein. 

The spleen was found to have a crimson pulp sinusoid and more lymphocytes and neutrophils 

than usual. According to the histopathology results, all test groups given the modest dose of 

50mg/kg, 100mg/kg and High dose 200mg/kg of the test compound fucoidan extracted from 

Turbinaria conoides discovered their kidney, liver, and spleen tissues to be in normal condition.( 

Fig. 1-3 ) 

     

Invivo Anticancer activity  

       

Based on the results obtained in the Acute and sub-acute toxicity analysis our study was 

extended to invivo anticancer analysis to find the breast anticancer potential of the fucoidan 

extracted from Turbinaria conoides using the Sprague Dawley rats. In this study 250 mg/ml 

concentration of test sample fucoidan was fixed based on the results obtained from   the acute and 

sub- acute toxicity studies. A detailed description on the concentration of all the      other groups 

are given in the (Table 10). 

Determination of Body Weight  

         Each group of animals were administration of the selected dose with selected dose 

and they were observed for the body weight. The weight of the test animals was recorded after 

the intubation of test compound fucoidan extracted from Turbinaria conoides. The final body 

weight of the Group-I control animal was found to weigh 331.6±2.88gms, Group-II animals 

induced with 25 mg/kg DMBA was found to be decreased to 321.6±2.88 whereas Group-III 

animals treated with 250 mg/kg of the test compound was found to be 338.3±2.88, and Group-IV 

 

Group 

 

Treatment 

 

Glucose (mg/dL) 

Triglycerides 

(mg/dL) 

Cholesterol 

(mg/dL) 

SGPT/ALT 

(U/L) 

ALP 

(U/L) 

I Control 189.02±01.15 48.21±2.32 74.98±1.04  34.12±1.24 162.02±02.1

8 

 

II 

Low dose 

(50mg/kg) 
 

162.20±01.22 
 

44.22±1.10 
 

66.08±0.28 
 

28.12±1.42 
 

140.44±01.1

8 

 

III 

Mid dose 

(100mg/kg) 
 

151.02±02.12 
 

42.10± 1.08 
 

64.04±0.13 
 

26.11±1.62 
 

136.12±0.28 

 

IV 

High dose 

(200mg/kg) 
 

143.10±1.22 
 

40.12±06.22 
 

62.11±0.84 
 

24.12±1.72 
 

130.54±06.2

4 
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animals were treated with the 20mg/kg standard positive control drug fluorouracil showed 

341.6±2.88.This shows that our test compound has the ability to revert the damaged cells and 

bring it back to the normal state.( Table.11) 

 

Table 10 Table Represents the Invivo anticancer drug treatment dosage to the Sprague 

Dawley rats 

 

Table 11: Body weight of the Experimental animals treated with test compound       

Fucoidan extracted from Turbinaria conoides 

Groups Treatment Final Body weight (g) 

Group- I Control 331.6±2.88 

Group-II DMBA 25mg/kg 321.6±2.88 

 

Group-III 

Test compound Fucoidan from 

Turbinaria conoides (250mg/kg) 
 

  338.3±2.88* 

Group IV Fluorouracil (20mg/kg) 341.6±2.88 

  Values are expressed as mean ± SD of six animals in each group* p < 0.05 significantly 

different when           compared group II vs group III, IV. NS = Not significant. 

 Haematological assays 

Haematological assays like Haemoglobulin (HB), Packed cell volume (PCV), Red 

Blood cell count (RBC), White Blood cell count (WBC) and Platelet count was performed in all 

four groups and the results were obtained for total Haemoglobulin (g/dl) level in the control 

group-I, DMBA 25mg/kg treated in group-II, group-III treated with the test compound Fucoidan 

from Turbinaria conoides (250mg/kg) and group-IV treated with 20mg/kg of fluorouracil are 

depicted clearly in the (Fig. 4)Thus, the results show that group-III treated with 250mg/kg test 

compound fucoidan was significantly different from group-II treated with the 25mg/kg of DMBA 

and standard drug fluorouracil treated group-IV.  

 

Biochemical Assays 

Serum Liver Marker Assay 

Invivo anticancer Experiment Design 

Group I Control – Sprague Dawley rats received normal water and pelleted diet. 

 

Group II 

Mammary Carcinoma was treated in overnight fasted animals by a single dose  

of DMBA (7, 12-Dimethylbenz (a) anthracene) in olive oil 25 mg/kg body 

weight) by gastric intubation (Veena et al., 2006). 

 

Group III 

Mammary Carcinoma rats were treated with 250 mg/kg of fucoidan extracted 

from Turbinaria conoides for 25 continuous days by gastric intubation after 

the development of mammary carcinoma. 

 

Group IV 

Mammary Carcinoma induced rats treated with 20mg/kg fluorouracil standard 

drug for 25 continuous days by gastric intubation. 
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The liver function was analyzed using the Biochemical parameter of serum analysis of 

Aspartate transaminase (AST), Alanine transaminase (ALT) and Lactate dehydrogenase (LDH) 

activity were observed in all 4 groups. Aspartate transaminase results were found to be 34.2±0.60 

in control, 44.2±1.47 in group II, 37.1±1.36 in group III, and 32.03±0.55 in group IV. Alanine 

transaminase (ALT) showed 32.26±3.01 in control, 42.5±1.47 in group II, 35.5±1.35 in group III, 

and 31.6±0.85 in group IV and the results of Lactate dehydrogenase (LDH) was found to be 

266.2±12.86 in control group I, 409.1±5.30 in group II, 326.3±17.9 in group III, and 302.5±11.84 

in group IV. Thus from the results, it was found that our test compound fucoidan 250mg/kg 

showed a significant difference when compared with group III treated with the standard 

Fluorouracil 20 mg/kg drug. (Fig.5) 

Serum Renal Function Markers 

The renal functions were studied in the control and test group's animals by analyzing 

the level of Urea (mg/dl), creatinine (mg/dl), Uric acid level (mg/dl), total protein (g/dl), and 

albumin (g/dl). The level of Urea (mg/dl) in the control group was found to be 13.36±0.15, 

DMBA(25mg/kg) induced group II animals produced 26.96±1.70, group III treated with test 

compound fucoidan extract (250mg/kg) from Turbinaria conoides produced 15.86±2.63, and 

group IV animals treated with standard drug Fluorouracil (20mg/kg) produced 13.93±0.63. The 

amount of Creatinine (mg/dl) level in group I was found to be 0.53±0.05, 0.53±0.05 in group II, 

0.56±0.05 in group III, and 0.53±0.05 in group IV. The level of Uric acid (mg/dl) was found to 

be 1.46±0.15 in the control group, 2.66±0.15 in group II, 1.76±0.15 in group III, and 1.43±0.05 

in group IV was observed. Total protein (g/dl) level in control group I was found to be 6.06±0.23, 

3.76±0.15 in group II, 4.50±0.30 in group III, 5.30±0.17 in group IV. While the level of albumin 

(g/dl) in group I was found to be 3.60±0.34, 1.60±0.20 in group II, 2.06±0.23 in group III, and 

2.53±0.25 in group IV(Fig.6) 

 

The results showed that the level of Urea, uric acid, and creatinine in group III treated 

with test compound fucoidan (250mg/ml) was reduced compared with group II animals induced 

with mammary carcinoma DMBA (25mg/kg). While raise in Total protein and albumin level was 

observed in the group III treated with test compound fucoidan extract from Turbinaria conoides. 

 

 

Serum enzymatic Antioxidant assay 

SOD enzymatic assay 

 The control and experimental animals in groups I, II, III, and IV were analyzed for  

biochemical analysis  using serum enzymatic antioxidant assays. Superoxide Dismutase (SOD) is a 

key enzyme that plays an important role in oxidative stress and scavenging free radicals. The sodium 

dismutase (SOD) scavenging activity in group I treated with control group was found to be 

7.43±0.20, 3.60±0.10 in group II induced with 25mg/kg of DMBA, 5.5 ±0.30 in group III treated 

with 250 mg/kg   fucoidan extract from Turbinaria conoides and 6.36±0.15 in group IV treated with 

20 mg/kg of standard drug Fluorouracil. The results showed that our test compound fucoidan 

250mg/ml treated group III showed a significant rise in sodium dismutase activity compared to the 

group-II induced with DMBA. Catalase is an antioxidant enzyme that plays an important role in 

protecting the cell by splitting the paired hydrogen peroxide molecules into an unpaired oxygen 

particle. The catalase enzyme activity in the control group I was found to be 37.03±1.33, 26.93±1.30 

in group II mammary carcinoma induced by treating 25mg/kg of DMBA, 33.30±1.15 in group III 

treated with the 250mg/kg of test compound fucoidan, and 36.60±1.11 in group IV treated with the 

20mg/kg of standard drug Fluorouracil. Our results showed a significant rise in catalase activity in 

group III treated with test compound 250mg/kg of fucoidan compared to group II treated with 
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DMBA. Glutathione Peroxidase Activity Oxidation of glutathione was found to be 8.50±0.30 in the 

control group I, 3.43±0.15 in group II mammary carcinoma induced by treating 25mg/kg of DMBA, 

5.43±0.15 in group III treated with the 250mg/kg of test compound fucoidan, and 6.90±0.26 in group 

IV treated with the 20mg/kg of standard drug Fluorouracil. The results showed a significant increase 

in the group III animals treated with 250mg/kg of test compound fucoidan compared to group II 

induced by the mammary carcinoma DMBA. In lipid peroxidation assay was used to measure 

oxidative stress. The measured oxidative stress in the control group was found to be 28.96±3.30, 

59.43±2.72 was found in group II mammary carcinoma induced by treating 25mg/kg of DMBA, 

43.33±6.78 in group III treated with the 250mg/kg of test compound fucoidan, 33.46±1.36 in group 

IV treated with the 20mg/kg of standard drug Fluorouracil. The oxidizing activity of LPO on the test 

sample 250mg/kg fucoidan treated sample was found to drop down compared to the group II DMBA 

induced groups. The results obtained for the serum enzymatic antioxidant assay is represented in the 

(Fig. 7). 

  Invivo Anticancer Histopathology Study 

    Liver Histopathology report 

 Animals were slaughtered once the invivo anticancer investigation was complete, and 

their organs, including the liver, kidney, and mammary gland from all groups, were examined. 

Sectioning of the control group's liver tissue revealed normal vasculature and hepatocytes in group I. 

Group II, which had been given DMBA (25 mg/kg), a breast cancer inducer, displayed aberrant 

lobules with a localized area of fatty alteration, coupled with inflammation, necrosis, and congestion, 

as well as partial loss of liver parenchymal cells. Fucoidan (250 mg/kg) treatment in Group III 

resulted in a central vein with modest inflammation and decreased fatty alteration. Fluorouracil (20 

mg/kg) was used as the standard of care in group IV, and typical sinusoids were seen. According to 

the findings, group II was given 25 mg/kg of DMBA promotes necrosis, while our test compound 

fucoidan and the standard drug did not produce necrosis. (Fig.8) 

     

Kidney histopathology report 

In the histological study of kidney tissue, group-I control cells showed a normal cortex and 

medulla region. Group II treated with 25 mg/kg of DMBA-induced glomeruli showed glomeruli are 

surrounded by intact tubules; interstitial inflammation and necrosis were observed. Group III, treated 

with the test compound fucoidan (250 mg/kg), observed normal conditions without any inflammation 

or fibrosis. Group IV, treated with the standard control of fluorouracil (20 mg/kg), observed normal 

without any necrosis. The results are illustrated in (Fig. 9). 

 

 Histopathology report of mammary tissues 

               Histology study of mammary tissues of Group-I control showed breast tissues composed of 

terminal duct lobule units and fatty tissues. Group II, treated with 25 mg/kg of DMBA, induced high 

mitotic division, necrosis, and reactive lymphatic follicular hyperplasia. Group III, treated with 

fucoidan test extract (250 mg/kg), produced no necrosis and showed lobules of breast tissue lined by 

ductal myoepithelial cells. Group IV, treated with the standard drug fluorouracil (20 mg/kg), showed 

breast tissues composed of terminal duct lobules with normal cells. (Fig 10) 

Discussion 

Natural sources, such as medicinal plants and seaweeds, have been used to treat numerous 

diseases for hundreds of years. [15]. Assessment and evaluation of the hazardous properties of a 

natural substance extract or compound are usually the first step in screening natural substances for 

pharmacological properties. As a result, the current investigation was carried out in Sprague 

Dawley rat to assess and focus on the acute and sub- acute toxicity of the fucoidan extracted from 

Turbinaria conoides. 

about:blank
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The acute toxicity study is utilized to check the harmful effects of a compound to the 

organism given as a single or short-term exposure [16]. Our study primarily analyzed the mice's 

mortality, behavioral changes, body weight, and other natural changes in their general well-being 

after the administration of fucoidan extract 500mg/kg single dosage was given and the test animals 

were checked with control group animals administered with vehicle group and the results showed 

intoxic effect in the test group. 

 

In sub-acute toxicity, animals treated with 50mg/kg, 100mg/kg, and 200mg/kg resulted in 

no statistically significant difference in body weight, relative weight of vital organs, food and water 

intake compared with the control group was observed. Serum glucose and cholesterol showed a 

statistically significant reduction at all the doses compared to control, and the reduction was dose-

dependent manner with reduced changes in biochemical or haematological parameters. 

Histopathological investigation revealed no significant toxic indications at the organ level in the 

fucoidan treated groups. Based on the results Fucoidan is considered safe from the findings of acute 

and sub-acute toxicity studies. 

 

[17] Discovered similar action in fucoidan from Sargassum wightii Greville, which was 

confirmed by the FTIR investigation. In an acute toxicity assay, they administered 2000mg/kg of 

fucoidan to the animals and found no detrimental effects or mortality. Similarly, fucoidan extract at 

doses ranging from 100 mg/kg to 400 mg/kg was given orally for a 28-day sub-acute toxicity trial. 

Compared to the control group, there was no significant change in body weight, the relative weight 

of essential organs, food, or water consumption. Compared to the control vehicle group, all 

biochemical tests indicated a substantial statistical reduction in a dose-dependent manner. 

 

[18] Have investigated the antioxidant, anti-inflammatory, and chemoprotective activity of 

the fucoidan extract from Laminaria japonicum in Wistar rats. Toxicity study of the fucoidan from 

Laminaria japonicum against diazinon (DZD) was analyzed through the acute and sub-acute 

studies, and significant results were obtained in the 100-200mg/kg of fucoidan extract compared to 

the DZD induced rats. 

[5] Investigated the anticancer efficacy of sulfated polysaccharide fucoidans derived from 

Laminaria japonica through acute and sub-acute toxicity studies tin Wistar rats. According to the 

findings, 300mg/kg of fucoidan-treated rats showed no significant effects without any adverse 

effects in both acute and sub-acute studies. 

[19] Have also studied the anticancer property of fucoidan through invitro and invivo 

studies. They found the high anticancer activity of fucoidan in the in-vitro condition compared to 

the invivo oral administration. They also concluded that administrating a higher concentration of 

fucoidan and chemotherapeutic drugs through oral or intravenously can result in better anticancer 

activity in invivo conditions. Tokita et al. 2010 have also found significant results against MDA-

MB-231 and MCF-7 breast cancer while administrating fucoidan extract in combination with 

(Cisplastin) CDDP and (Tamoxifen) TAXOL. A significant result was observed in morphological 

changes of the nucleus, and the number of positive cells increased in a time-dependent manner. 

[20] Examined the anticancer properties of fucoidan in a variety of cancer cell lines, 

concluding that the anticancer activity of fucoidan was due to the activation of cell cycle arrest, 

apoptosis, and immune activation mechanisms such as activation of inflammation, stem cell 

mobilization, and oxidative stress mechanisms. 

 

[21] Have found the skin cancer-inducing property of DMBA and the anticancer property 

about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
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of stigmasterol present in Azadirachta indica found to have an anticancer property in it. 

 

Similar results were obtained by [22] in treating 5% fucoidan extracted from brown 

seaweed Laminaria was treated in Sprague Dawley rats. In an invivo anticancer study similar to 

ours on administering the 7,12-dimethylbenz(a) anthracene intragastrically (DMBA) breast cancer 

inducing carcinogen, they reported that lesion formation was only observed in the DMBA induced 

Sprague Dawley rats. At the same time, the other groups showed delayed tumor formation. 

 

In our current study Sprague Dawley rats were induced with 25mg/kg of DMBA was 

treated with 250mg/kg of fucoidan. The obtained results showed significant anticancer potential of 

the fucoidan compared to the standard fluorouracil treated with 20mg/kg. 

 

[23] Have reported the potential of fucoidan extracted from brown algae to reduce the 

tumor formation induced in Sprague- Dawley rats by 7, 12-dimethyl benz[a]anthracene (DMBA) 

experimental mammary carcinogenesis in rats. Xue et al. 2017 have found that fucoidan. 

 

Reduced the incidence of tumors in test animals induced with DMBA and increased the 

level of CD4, CD8 T cells, and natural killer cells. Thus the immunomodulatory protective effect of 

fucoidan induced with mammary carcinoma was observed in fucoidan- treated animals. 

 

[24] Also reported similar activity Porphyra dentate red macroalgae ethanol extract 

showing the anticancer activity against breast cancer. 

 

Our hematological tests showed reduced blood glucose level on fucoidan treated test 

group, which is interrelated with previous study report observed with the hypoglycemic potential of 

fucoidan extracted from Sargassum wightii [25] 

 

Hematology testing is an important parameter and a very sensitive parameter used to 

detect adverse toxic effects. It acts as the index value that gives the overall physiological and 

pathological condition. However, our test sample fucoidan does not show any abnormality. 

Histopathology testing revealed normal organ architecture; from the result of our study and in 

correlation with previous reports, it was found that fucoidan is safe and non-toxic to normal cells 

while it can act on breast cancer cells. 

 

 

CONCLUSION 

 The fucoidan extract of Turbinaria conoides at a concentration of 500 mg/kg body weight 

revealed no harmful effects during acute toxicity testing, thus demonstrating that the fucoidan extract 

is safe and does not have any toxic effects. Given that there was no mortality recorded during a 14-

day period, fucoidan extract likely provides some therapeutic benefits. Similar to acute toxicity, 

repeated doses of mid- and high doses administered over the course of 28 days demonstrated to be 

both safe and non-toxic to the test animals. The sub-acute toxicity research on fucoidan, which was 

isolated from Turbinaria conoides, is based on biochemical, hematological, and histopathological 

data. The findings make it abundantly evident that fucoidan extract can be used as an efficient 

anticancer treatment for breast cancer. 

List of abbreviations 

SD  - Sprague Dawley rat  

ANOVA- Analysis of variance 
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EDTA  - Ethylenediamine tetraacetic acid 

DMBA   - (7, 12-Dimethylbenz (a) anthracene) 

ALT  - Alanine aminotransferase  

AST  - Aspartate aminotransferase  

HB - Haemoglobulin  

PCV -Packed cell volume 

RBC - Red Blood cell count 

WBC -White Blood cell count  

 

References 

1. You, S., Yang, C., Lee, H., & Lee, B. Y. (2010). Molecular characteristics of partially hydrolyzed 

fucoidans from sporophyll of Undaria Pinnatifida and their in vitro anticancer activity. Food 

Chemistry, 119(2), 554-559. https://doi.org/10.1016/j.foodchem.2009.06.054 

2. Kylin, H. (1913). Biochemistry of sea algae. HZ Physiol. Chem, 83(171197), 3  

3. Zvyagintseva, T. N., Shevchenko, N. M., Chizhov, A. O., Krupnova, T. N., Sundukova, E. V., & 

Isakov, V. V. (2003). Water-soluble polysaccharides of some far-eastern brown seaweeds. 

Distribution, structure, and their dependence on the developmental conditions. Journal of 

Experimental Marine Biology and Ecology, 294(1), 1-13. https://doi.org/10.1016/S0022-

0981(03)00244-2 

4. Kim, W. J., Kim, S. M., Kim, H. G., Oh, H. R., Lee, K. B., Lee, Y. K., & Park, Y. I. (2007). 

Purification and anticoagulant activity of a fucoidan from Korean Undaria pinnatifida 

sporophyll. Algae, 22(3), 247-252. https://doi.org/10.4490/ALGAE.2007.22.3.247 

5. Li, N., Zhang, Q., & Song, J. (2005). Toxicological evaluation of fucoidan extracted from 

Laminaria japonica in Wistar rats. Food and Chemical Toxicology, 43(3), 421-426. 

https://doi.org/10.1016/j.fct.2004.12.001 

6. Park HY, Kim GY, Moon SK, Kim WJ, Yoo YH, Choi YH. Fucoidan inhibits the proliferation of 

human urinary bladder cancer T24 cells by blocking cell cycle progression and inducing 

apoptosis.Molecules. 2014 May;19(5):5981-98. 

7. Hemmingson, J. A., Falshaw, R., Furneaux, R. H., & Thompson, K. (2006). Structure and 

antiviral activity of the galactofucan sulfates extracted from Undaria pinnatifida 

(Phaeophyta). Journal of Applied Phycology, 18(2), 185-193  http.doi:10.1007/s10811-006-9096-9 

8. Ngo, D. H., Wijesekara, I., Vo, T. S., Van Ta, Q., & Kim, S. K. (2011). Marine food-derived 

functional ingredients as potential antioxidants in the food industry: An overview. Food Research 

International, 44(2), 523-529. https://doi.org/10.1016/j.foodres.2010.12.030 

9. Kim, E. J., Park, S. Y., Lee, J. Y., & Park, J. H. Y. (2010). Fucoidan present in brown algae 

induces apoptosis of human colon cancer cells. BMC gastroenterology, 10(1), 1-11. 

https://doi.org/10.1186/1471-230X-10-96 

10. Ye, J., Li, Y., Teruya, K., Katakura, Y., Ichikawa, A., Eto, H, & Shirahata, S. (2005). Enzyme-

digested fucoidan extracts derived from seaweed Mozuku of Cladosiphon novae-caledoniae kylin 

inhibit invasion and angiogenesis of tumor cells. Cytotechnology, 47(1), 117-126. DOI: 

10.1007/s10616-005-3761-8 

11.  Kusumawati, R., Basmal, J., & Utomo, B. B. (2018). Physicochemical characteristics          of 

sodium alginate extracted from Turbinaria sp. and Sargassum sp. Squalen Bulletin of Marine and 

Fisheries Postharvest and Biotechnology, 13(2), 79-84. 

http://dx.doi.org/10.15578/squalen.v13i2.297. 

12. Chen, X., Xing, R., Yu, H., Liu, S., & Li, P. (2012). A new extraction method of fucoidan from 

the soaked water of brown seaweed (Laminaria japonica). Desalination and Water Treatment, 40(1-

3), 204-208. https://doi.org/10.1080/19443994.2012.671170 

https://doi.org/10.1016/j.foodchem.2009.06.054
https://doi.org/10.1016/S0022-0981(03)00244-2
https://doi.org/10.1016/S0022-0981(03)00244-2
https://doi.org/10.4490/ALGAE.2007.22.3.247
https://doi.org/10.1016/j.fct.2004.12.001
https://doi.org/10.1016/j.foodres.2010.12.030
https://doi.org/10.1186/1471-230X-10-96
http://dx.doi.org/10.15578/squalen.v13i2.297
https://doi.org/10.1080/19443994.2012.671170


 Revathi Chitra Santhanam/Afr.J.Bio.Sc.6.12(2024)                                                        Page 1778 of 22 

 

 

13. Li, N., Zhang, Q., & Song, J. (2005). Toxicological evaluation of fucoidan extracted from 

Laminaria japonica in Wistar rats. Food and Chemical Toxicology, 43(3), 421-426. 

https://doi.org/10.1016/j.fct.2004.12.001 

14. Kumar, T. V., Lakshmanasenthil, S., Geetharamani, D., Marudhupandi, T., Suja, G., & Suganya, 

P. (2015). Fucoidan–A α-d-glucosidase inhibitor from Sargassum wightii with relevance to type 2 

diabetes mellitus therapy. International journal of biological macromolecules, 72, 1044-1047. 

https://doi.org/10.1016/j.ijbiomac.2014.10.013 

15. Veena, C.K.; Josephine, A.; Preetha, S.P.; Varalakshmi, P. Physico-chemical alterations of urine 

in experimental hyperoxaluria: a biochemical approach with fucoidan. J. Pharm. Pharmacol. 2015, 

59, 419-527. 

16. Dias, D. A., Urban, S., & Roessner, U. (2012). A historical overview of natural products in drug 

discovery. Metabolites, 2(2), 303-336. https://doi.org/10.3390/metabo2020303 

17. Krishnaraju, A. V., Rao, T. V., Sundararaju, D., Vanisree, M., Tsay, H. S., & Subbaraju, G. V. 

(2005). Assessment of bioactivity of Indian medicinal plants using brine shrimp (Artemia salina) 

lethality assay. International Journal of Applied Science and Engineering, 3(2), 125-134. 

https://doi.org/10.6703/IJASE.2005.3(2).125 

18. Ramu, S., Murali, A., Narasimhaiah, G., & Jayaraman, A. (2020). Toxicological evaluation of 

Sargassum Wightii greville derived fucoidan in wistar rats: Haematological, biochemical and 

histopathological evidences. Toxicology Reports, 7, 874-882. 

https://doi.org/10.1016/j.toxrep.2020.07.009 

19. Tokita, Y., Nakajima, K., Mochida, H., Iha, M., & Nagamine, T. (2010). Development of a 

fucoidan-specific antibody and measurement of fucoidan in serum and urine by sandwich 

ELISA. Bioscience, biotechnology, and biochemistry, 0912261792-0912261792. 

 https://doi.org/10.1271/bbb.90705 

20. Kwak, J. Y. (2014). Fucoidan as a marine anticancer agent in preclinical development. Marine 

drugs, 12(2), 851-870. https://doi.org/10.3390/md12020851 

21. Ali H, Dixit S, Ali D, Alqahtani SM, Alkahtani S, Alarifi S. Isolation and evaluation of 

anticancer efficacy of stigmasterol in a mouse model of DMBA-induced skin carcinoma. Drug 

design, development and therapy. 2015;9:2793. 

22. Teas J, Harbison ML, Gelman RS. Dietary seaweed (Laminaria) and mammary carcinogenesis 

in rats. Cancer research. 1984 Jul 1;44(7):2758-61. 

23.  Xue M, Liang H, Tang Q, Xue C, He X, Zhang L, Zhang Z, Liang Z, Bian K, Zhang L, Li Z. 

The protective and immunomodulatory effects of fucoidan against 7, 12- dimethyl benz [a] 

anthracene-induced experimental mammary carcinogenesis through the PD1/PDL1 signaling 

pathway in rats. Nutrition and cancer. 2017 Nov 17;69(8):1234-44 

24. Kazłowska, K., Lin, T.V., Chang, S., Tsai, G. In vitro and in vivo anticancer effects of sterol 

fraction from red algae Porphyradentata. Natural Bioactives and Phytochemicals Serve in Cancer 

Treatment and Prevention, 2013. 

25. L.S. Senthil, T.V. Kumar, D. Geetharamani, G. Suja, R. Yesudas, A. Chacko,Fucoidan – an 

alpha amylase inhibitor from S. Wightii with relevance to NIDDM, Int.J. Biol. Macromol. 81 

(2015) 644–647. 

 

 

Figure 1: Histopathology images of high dose 200mg/kg fucoidan extract from 

Turbinaria conoides treated Sprague Dawley rats group 
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(A) Kidney (B) Liver (C) Spleen 

(A)Kidney - papillary ducts , glomerular capsule, (B) Liver- hepatic cells, central veins 

 

(C) Spleen- venus sinus, Neutrophils, lymphocytes 

 

Figure 2: Histopathology images of mid dose 100mg/kg fucoidan extract from 

Turbinaria conoides treated Sprague Dawley rats group 

 

 

(A)Kidney - Papillary ducts , glomerular capsule, (B) Liver- hepatic cells, central veins (C) 

Spleen- venus sinus, Neutrophils, lymphocytes 

Figure 3: Histopathology images of Low dose 50mg/kg fucoidan extract from 

Turbinaria conoides treated Sprague Dawley rats group 
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Fig.4 Invivo Anticancer activity- Hematological Assay 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5 Invivo Anticancer activity- Serum Liver Function Markers 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6   Graphical Representation Serum Renal Function Markers 
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Fig.7 Graphical Representation of Serum Enzymatic Antioxidant Enzymes Assay. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Histopathology report of Liver 
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a. Normal hepatocytes with normal central vein 

b. Abnormal lobules, inflammation, necrosis, congestion and loss of some liver 

parenchymal cells 

c. Normal central vein with mild inflammation 

d. Normal central vein and normal sinusoids 

(A) Control (B) 25 mg/kg DMBA induced (c) fucoidan extract from Turbinaria conoides 

250 mg/kg Treated (d) 20 mg/kg Fluorouracil Standard control 
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Figure: 9 Histopathology study of Kidney 

 

 

 

 

 

 

  

a.  Normal Cortex, medulla 

b. Intact tubules surrounded –glomeruli, interstitial inflammation with necorsis 

c. Normal cells and mild interstitial inflammation. 

d. Normal cells and mild inflammation 

(A) Control (B) 25 mg/kg DMBA induced (c) fucoidan extract from Turbinaria conoides  

250 mg/kg Treated (d) 20 mg/kgFluorouracil Standard control
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Figure: 10 Histopathology study of mammary gland tissue 

 

 

 

 

 

  

 

a. Normal duct lobule units with fatty tissues. 

b. High mitotic activity with the necrosis and reactive lymphatic follicular hyperplasia. 

c. Hyperchromasia 

d. Terminal duct lobule with some neoplastic cells. 

(A) Control (b) 25 mg/kg DMBA induced (c) 250 mg/kg fucoidan extracted from 

Turbinaria conoides (d) 20 mg/kg Fluorouracil Standard control. 
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