 Evaluation the iron chelating activity of methanol extract of akoub (gundelia tournefortii) in iron overloaded experimental rats
Abstract: 

Akoub (Gundelia tournefortii) reported to have hypoglycemic, laxative, sedative, anti-inflammatory, anti-parasite, antiseptic and emetic effects. Compounds found in gundelia proved to have several pharmacological effects, e.g. antibacterial, anti-inflammatory, hepatoprotective, antioxidant, antiplatelet and hypolipemic activities. The observed pharmacological properties indicated a close association of these effects with infectious diseases, digestive disorders, high blood pressure and cancer. The present study was planned to evaluate beneficial effects and mechanism of action of gundelia tournefortii on iron overload animals. Methanol extracts of gundelia tournefortii was found to be contains phenolic contents and also possess in-vitro iron chelating activity. Fifty   adult male wistar rats were randomly divided to 5 groups: healthy control, iron overload treated with deferoxamine, iron overload treated with 100 mg/kg and 200mg/kg of methanol extract of akoub (gundelia tournefortii) respectively. Assessments were performed for serum iron, ferritin, and serum markers of hepatic and cardiac damages, antioxidant enzyme and lipid peroxidation levels. The results indicated serum iron and ferritin concentration were significantly increased in the iron overload group compared to healthy controls (P < 0.05). Treatment with the gundelia tournefortii extract significantly decreased iron and ferritin concentration (P < 0.05) and  significantly decreased biochemical parameters, such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), lactate dehydrogenase (LDH) and creatine phosphokinase (CPK), and improved tissue damage and decreased iron accumulation in the liver compared to the iron overload group (P < 0.05).
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Introduction: 
β- Thalassemia major is a congenital disease that is characterized by severe anemia. It depends on regular blood transfusion in early life stage. In major β-Thalassemia hemoglobin precipitation occurs and consequently induces reactive iron and free radicals in blood circulation. Iron overload may occur due to regular blood transfusions and high intestinal iron absorption (1). Physiologically, iron serves several crucial roles in life. However, an excess of iron in most organs is toxic, mostly by increasing oxidative stress and creating reactive oxygen species, which in turn cause peroxidation of lipids, proteins, and nucleic acids. Liver is the target organ for iron toxicity because it is predominantly responsible for taking out and storing excessive amounts of iron (2, 3). Excessive accumulation of free iron in the liver causes damage, including hepatocellular necrosis (4), inflammation (5), fibrosis (6, 7), and even carcinoma (8). Thus, in all iron overload diseases, treatment with an iron-chelating agent is a common method for reducing iron toxicity in all organisms.  Nowadays, synthetic iron chelators are used for iron excretion in iron overload state. Chelators are small molecules that form a powerful complex with metal ions in organisms so they are called iron binders . Iron chelation is recommended after 10-20 blood transfusion practices or when amount of serum ferritin gets more than 1000 mg/ml (9). Iron chelating method is a useful assay for estimation of plant chelating potential. Chelating activity of medicinal plants mostly depend on its phytochemical constituents especially phenolic substances (10). Deferoxamine is a synthetic iron chelating drug used to prevent the increase of iron concentration in plasma. Excessive use of deferoxamine by injection route has limited the drug application in clinics. Moreover, its short life span has restricted its efficiency in practice (11,12). Currently, there is no effective drug without side effects for the treatment of iron excess in thalassemia and other  iron storage diseases, except chelation therapy, which is the only method for iron excretion. Thus, scientists are  more focused on medicinal plants rich in phytochemical compounds for the removal of iron in thalassemia. (13) studied the Iron chelating activity of 16 extracts from 11 medicinal plants has been determined to find alternative sources with lower side effects in thalassemic patients. The highest chelating activity was found in aerial parts of Leonurus cardiana and Grammosciadium platycarpum which had high amount of phenol and flavonoid contents. Extracts with high phytochemicals and chelating activity can be candidate as a good source of new agents for thalassemic patients. Gundelia tournefortii being a species with a large variability, but other authors distinguish up to nine species, differing in floret color and pubescence. Young stems are cooked and eaten in the Middle-East and are said to taste like a combination of artichoke and asparagus. The plant also contains compounds that have been demonstrated to be effective against a range of ailments (14). A large quantity of pollen assigned to Gundelia has been found on the Shroud of Turin, which may suggest that the crown of thorns was made from Gundelia, but this finding has been contested (15). Traditionally, Gundelia is used to treat a wide variety of ailments such as liver diseases, diabetes, chest pain, heart attacks, pain in the chest and the stomach, leukoderma, diarrhea and bronchitis. In addition hypoglycaemic, laxative, sedative, anti-inflammatory, anti-parasite, antiseptic and emetic effects have been claimed, as well as improvement of the gums and curing spleen enlargement. Proven effectsinclude antibacterial, antiinflammatory, hepatoprotective, antioxidant, antiplatelet and cholesterol suppression(14). This study was dedicated to evaluation the iron chelating activity of methanol extract of akoub (gundelia tournefortii) in iron overloaded experimental rats.
Material and Methods:

Extract preparation: 
Aekob (gundelia tournefortii) were purchased from the local market (Irbid). Drying for two weeks and crushed into powder then starting the  preparation of Aekob extract by taking 0.5 kilogram and extracted by soxhelt methanolic using methanol for almost 18 hours On several days . Then the solvent was distilled using Rotavapour. Under 40 °c.
Determination of the Lethal Dose of the Aekob (gundelia tournefortii) after giving the experimental animals different doses, a (80, 90,100,105,110,130) mg/25g (mouse) then the dead and survived animals were recorded after 24 hours of the injection (Table 1) 
Animals and experimental design
Fifty   young albinos male Sprague Dawley rats (Rattus norvegicus) wistar rats were randomly divided to 5 groups: healthy control, iron overload treated with deferoxamine, iron overload treated with 100 mg/kg and 200mg/kg of methanol  extract of akoub  (gundelia tournefortii) respectively. The animals have been housed in healthy atmospheric conditions, normal feeding, drinking, and medical care based on the guidelines of the experimental animal care, faculty of sciences, Al al-Bayt University, Al-Mafraq , Jordan . The experimental procedures were approved by the Ethics Committee of the Experimental Animal Care Society at Al al-Bayt University
Estimation of total phenolic (TPC) and flavonoid contents (TFC) of methanol  gundelia tournefortii  extract 
The total phenolic content (TPC) of the different plant extracts measured according the Folin-Ciocalteau method. The total phenolic contents measured by the Folin–Ciocalteau method varied between 9.7±0.48 ± 0.30 and 209± 21.76 mg gallic acid equivalent per gram of extract. The content of total flavonoid of the different plant extracts measured spectrophotometrically by using the aluminium chloride colorimetric assay is shown in Table 2. The flavonoid content of the extracts was expressed as mg quercetin equivalent per gram of the extract.
Induction of Iron Overload 

Sixty adult male Wistar rats, weighing 220 to 250 g, were purchased from the animal house central of University of Science and Technology University Irbid, Jordan. Rats were kept under standard stainless cages during the study period. Dark-light period was set for 12/12 hours and the room temperature was about 22 to 25°C. Rats were fed rodent standard food with free access to water. All animal experiments were performed according to the animal care guidelines and were approved by the animal ethics committee of AL-alBayt University. For induction of iron overload, the rats were treated with iron-dextran (100mg/kg body weight) through intraperitoneal injection once each two days, during a two-week intervention. Healthy control rats were treated with an equal volume of normal saline at the same time. The experimental animals were divided to 4 groups (n=6), and were treated as follows: 
Group 1, Healthy control treated with normal saline 
Group 2, Iron overload treated with iron dextran (100 mg/kg once every 2 days during 2 weeks intraperitoneally (IP)) 
Group 3, Iron overload treated with deferoxamine (50 mg/kg once every 2 days during two weeks IP) 
Group 4: Iron overload treated with methanol extract of akoub (gundelia tournefortii) respectively (100mg/kg extract for 14 days)

Group 5: Iron overload treated with methanol extract of akoub (gundelia tournefortii) respectively (200mg/kg extract for 14 days)
Blood Sample Collection

By the end of each experiment, the rats were reweighed, starved for 24 hours and sacrificed under chloroform anesthesia. 5 ml of blood was collected from each animal by cardiac puncture using sterile needle and syringe. Part of the blood sample was put into test tubes and allowed to clot for 30 minutes before centrifuging using a bench top centrifuge (Cenformix). The remaining blood sample was put in an EDTA bottle for hematological determinations.
Biochemical analysis:

Liver enzymes A, total protein, albumin, total and direct bilirubin and lipid profile were determined by using commercial analytical kits from Sigma (Lab-Kit, Spain) and measured with spectrophotometer method by Automatic Analyzer [AU 2700 Olympus, OSR6121, Japan].
Hematological Analysis

The CBC was performed on an automated hematology analyzer using well mixed whole blood to which EDTA was added to prevent clotting. (ESR) determined by Westergren method, differential WBC count was performed on Giemsa stained blood smears. Total protein, albumin, blood urea, uric acid and creatinine levels were also determined by using Bio-Merieux Kit (Bio- Meraux Lab reagent and product, France). Insulin determination Serum Insulin was measured by radioimmunoassay methods (CEA-JRE-SORIN Firm, France).
Statistical Analysis

The results were expressed as mean ± standard deviation. Differences between control and experimental groups were estimated using student›s t-test analysis. Within-group comparisons were performed by analysis of variance using ANOVA test. Differences were considered significant if p= 05
Results : 
The present study was planned to evaluate beneficial effects and mechanism of action of gundelia tournefortii on iron overload animals. Methanol extracts of gundelia tournefortii was found to be contains phenolic contents and also possess in-vitro iron chelating activity. Total flavonoid and phenolic contents of methanolic extract of gundelia tournefortii and its fractions were determined and results are displayed in table 1
It has been recognized that flavonoids show antioxidant activity and their effects on human nutrition and health are considerable. The mechanisms of action of flavonoids are through scavenging or chelating process (16). Phenolic compounds are a class of antioxidant compounds which act as free radical terminators (17). The compounds such as flavonoids, which contain hydroxyl functional groups, are responsible for antioxidant effect in the plants (18). The flavonoid content of extracts calculated as quercetin equivalent. Methanolic extract of gundelia tournefortii contained highest flavonoid content (Table 1). Total phenols measured by Folin Ciocalteu reagent in terms of gallic acid equivalent. Methanolic extract of  gundelia tournefortii with 209± 21.76 each g dry powder, contained highest total phenol content (Table 1). After giving the experimental animals different doses, a (90, 95, 100,110, 130,140 mg/25g (mouse) then the dead and survived animals were recorded after 24 hours of the injection (Table. 2). LD50 value was calculated according to the following equation (Reed and Muench, 1938): Log LD50= Log X0 + 0.5- P0 /P+. ∆ Where the X0 is the highest dose that causes mortality with percentage mortality (probability) less than 0.5. X+ is the lowest dose that causes mortality with a percentage mortality (probability) higher than 0.5. P0 is the percentage mortality (probability) less than 0.5. P+ is the percentage (probability) bigger than 0.5.  ∆ is logarithm of the ratio between X+ / X0. So, Log LD50 = Log 95+ 0.5 – 0.18 / 0.56 – 0.18 log100 / 95 = 2 Then the LD50 = 100 mg /20g mouse =5000 mg / kg  Moreover, LD50 was also checked with using the graphical method (Figure. 2). When the lines of Sg and Ds are crossed at this point in X-axis this indicates the value that caused fifty percent of mortality of the mice (LD50). This is in agreement with the value calculated in the previous equation.      
This study is performed to determine the LD50 for different compounds which will be used as a treatment of iron overload in rats. The first compound is being tested on 10 male mice for each dose. The doses used were 100, 50 and 25. All of these doses were lethal to all mice. Dose 5 was not lethal at all, so other doses will be tested to reach the LD50. Toxicity Study Results showed in Table 3, 4, 5  
Our study shown that iron dextran injection led to iron overload in the rats at the end of experimental period, because of the level of iron and ferritin in serum were increased (396 ± 48.54 and 4.62± 1.20 respectively). The treatment with deferoxamine (50 mg/kg, IP) resulted in significant reduction of serum iron and ferritin compared to the iron dextran group (P < 0.05). In addition, oral administration of methanol extract of gundelia tournefortii significantly reduced serum iron and ferritin compared to iron overloaded rats (P < 0.05), (Table 6). 
The mean levels of liver biomarkers including alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) in different studied groups after 14 days of treatment are presented in Table 7. The results showed that induction of iron overload led to increase in serum levels of ALT, AST and ALP in iron overloaded rats compared to healthy controls (P < 0.05). The injection of deferoxamine significantly decreased the serum level of AST and ALT (P < 0.05), yet changes in the serum levels of ALP was not statistically significant. Also, treatment with the extract decreased serum level of liver biomarkers toward a normal range, so, these changes were significant for AST and ALP compared to iron overloaded rats and those treated with deferoxamine (P < 0.05). Liver function tests facilitate diagnosing of any abnormal and normal conditions of the liver. Mostly, evaluation of ALT is utilized as significant diagnostic markers to indicate liver injury due to any toxins invade the hepatocytes. Administration of gundelia tournefortii extracts significantly reduced the amplitude of liver damage following a high dose of iron-dextran. There was a significant decrease of serum ALT level in rats treated with gundelia tournefortii extracts as well as, AST, and ALP , these results correlated with other research findings [18]. This result showed that there was alleviated in the damage of parenchymal and mitochondrial sites of the liver where ALT exists. This confirmed that the integrity of the liver cells was protected from leakage as ALT enzymes were reduced in the blood stream. These results proved that gundelia tournefortii extract significantly reduced liver toxicity due to its non-poisonous nature and tissue conservative nature against various toxic metabolites. This investigation demonstrated that these extracts might be a new prospective prevalence of natural antioxidants which may engage in the prevention of assorted chronic degenerative diseases which are very common.
In order to determine the effect of gundelia tournefortii extract on cardiac function, serum activity of lactate dehydrogenase (LDH) and creatine phosphokinase (CPK) were measured and results are presented in Table 8 . In iron overload, after treatment with iron dextran, increased serum levels of these cardiac biomarkers was observed. Although, after treatment with deferoxamine, LDH was significantly decreased, yet, reduction of CPK was not statistically significant (Table 8). Moreover, in iron overload treated with gundelia tournefortii extract, significantly decreased serum level of LDH and CPK was observed compared to iron overload and healthy controls, respectively (P < 0.05).
Table 9  displays the results of lipid profile total cholesterol (TC), triglycerides (TG), HDL-C and LDL-C of normal and experimental groups of rats. 

Discussion
It is important that the gundelia tournefortii extracts produced a significant dose dependent on chelating potential in comparison to control. The present result indicated that gundelia tournefortii at the dose of 100 and 200 mg/kg reduced the iron and ferritin concentrations. Iron and ferritin levels were significantly increased after injection of iron dextran in 14 days. This expected results supported the iron overloading process in present study. Medicinal plants are rich sources of natural phytochemicals with antioxidant activity that are mainly associated with phenolic compounds (19). Generally, plant extracts with high levels of phenolic compounds revealed a good iron chelating activity; therefore such kind of herbal extracts can be used as a choice of chelator for treatment of thalassemia in future (20). In present study there was a direct correlation with iron chelating and antioxidant activity and phenol contents. Iron at normal range is necessary for the metabolic pathways in body. However, in major β-thalassemia which is the best case of iron overload, reactive oxygen species are mostly formed by deposition of iron excess in vital organs. They usually used DF as an iron chelator for removal of iron excess (21). At the present study the methanol  extract  of gundelia tournefortii as iron chelators significantly decreased iron in animal groups by forming soluble and stable forms by interactions with flavonoids after incubation (22) . Iron concentration was significantly reduced in experimental groups compared to control serums P<0.005. Chelating potential of the methanol  extract gundelia tournefortii  be related to a number of possible mechanisms. Experimental studies have shown that phytochemical content and antioxidant activity is associated with chelating property (22). It also has been reported that flavonoids in plant extracts can interact with iron in live organisms. Therefore, it may be suggested that chelating property of the methanol  extract of akoub  (gundelia tournefortii).

Present result confirmed that methanol  extract of akoub  (gundelia tournefortii) with the dose of 400 mg/kg was potentially more protective than dose of 200 mg/kg against iron overload. This results need to be confirmed in serial experimental researches with different concentration of iron overload. The data obtained in recent study indicated that methanol  extract of akoub  (gundelia tournefortii) demonstrate an iron chelation effect in reducing the serum iron level. Iron chelators can bind with ion metals such as calcium and magnesium which are vital ions for live organisms. The prolong use of plant chelators with high concentration may decrease calcium and magnesium levels. A new project or identify of calcium and magnesium concentration is essential.
One study ( 23)  showed that Tannic acid (TA) is a prominent ROS and RNS scavenger as well as iron chelator in vitro. It also reversed the ROS levels in vivo and restricted the liver damage parameters as compared to the standard drug, desirox. Moreover, this natural polyphenol exclusively ameliorates the histopathological and fibrotic changes in liver sections reducing the iron-overload, along with chelation of liver iron and normalization of serum ferritin. The protective role of TA against iron-overload induced apoptosis in liver was further supported by changed levels of caspase 3, PARP as well as Bax/BCl-2 ratio. Thus, TA can be envisaged as a better orally administrable iron chelator to reduce iron-overload induced hepatotoxicity through ROS regulation.
In the present study, the effects of excess iron administration on hepatic tissues and cellular functions were evaluated in experimental rats. In rats treated with chronic iron the data obtained showed significant increase in hepatic iron contents. This increment was associated with significant changes in liver cell function, lipid peroxidation, and subsequent deficiency in both antioxidant defense mechanisms as well as progression of liver cell apoptosis, and fibrosis. Previous research studies reported that excessive hepatic iron loads lead to the progression of liver fibrosis, significant fibrosis, cirrhosis, and subsequently increased the rates of morbidity and mortality 
( 24, 25)  There are many sources relating to excess iron in human organs such as increased absorption of dietary iron, chronic liver and diseases associated with hemolytic anemia as well as drinking water with higher amounts of iron which effects on human health (26, 27 ). In the current study, iron overload resulted in various adverse effects, such as increase in ALT, AST, and ALP activity which indicates liver damage. These changes may be the result of the production of ROS and oxidative damage by hepatic iron accumulation, which, finally, may result in chronic diseases (28) and leakage of cellular enzymes into the circulation due to increased liver membrane permeability (29, 30). However, after treatment with methanol extract of gundelia tournefortii, reduction of theses liver biomarkers was observed. In order to determine the effect methanol extract of gundelia tournefortii  on cardiac function, serum activity of lactate dehydrogenase (LDH) and creatine phosphokinase (CPK) were measured and results are presented in Table (8) 

In iron overload, after treatment with iron dextran, increased serum levels of these cardiac biomarkers was observed. Although, after treatment with deferoxamine, LDH was significantly decreased, yet, reduction of CPK was not statistically significant (Table 8). Moreover, in iron overload treated with methanol extract of gundelia tournefortii  , significantly decreased  serum level of LDH and CPK was observed compared to iron overload and healthy controls, respectively (P < 0.05).
The current results indicated that in rats with iron overload, serum iron and ferritin concentration dramatically increased, while the oral administration of methanol extract of gundelia tournefortii  significantly decreased the iron and ferritin concentration. resulted in, iron loaded anemia (30). In order to exclude the probability of iron chelation before adsorption or direct hindrance of absorption by extract in the intestine, it was preferred to use IP injection of iron dextran for iron-overload induction. Since, the liver is the main organ for iron storage, liver damage was significant in the iron overload condition (31).
The current study demonstrated that chronic iron intake in rats increases hepatic and splenic iron contents and these changes were associated with elevation in lipid peroxidation and decreased antioxidant defense mechanisms. Methanol  extract of akoub  (gundelia tournefortii)  decreases hepatic and splenic iron density as well as oxidative stress produced by chronic iron intake together with an improvement in antioxidant defense mechanism. These data suggest that  gundelia tournefortii   could be a potential new therapeutic option to combat pathological diseases associated with iron accumulation.
Atherosclerosis is very unusual in most strains of rats, even when they have sustained high blood lipid levels (32). Our results suggest that changes in iron homeostasis due to high fat and cholesterol diets could be one of the reasons for this phenomenon. Iron binding by tranferrin or ferritin can limit its participation in the formation of free radicals and therefore, reduce LDL oxidation. This hypothesis is supported by Van Lenten et al. (33), who found that fatty streak–resistant mice fed an atherogenic diet had a higher level of liver apoferritin and a lower concentration of free iron than fatty streak–susceptible mice. When we studied the effect of iron overload on plasma lipid levels, we found that excess iron reduced plasma cholesterol. Our results for total cholesterol were similar to those of Dabbagh et al. (34), who found that iron dextran had a hypocholesterolemic effect on rabbits fed a 1% cholesterol-enriched diet and of Maioli et al. (35), who showed that patients with β-thalassemia major, a condition that can lead to iron overload when the patient undergoes repeated blood transfusions, had reduced cholesterol. Other studies had results contrary to ours, e.g., Arau´jo et al. (36) treated rabbits with iron dextran and did not find differences in plasma cholesterol between groups fed a high cholesterol and a control diet. When only experiments with rats are considered, there is consensus that excess iron increases HDL-C as was observed by Dabbagh et al. (37) with rats that consumed a diet containing cholesterol and by Brunet et al. (37) with rats that were fed a diet without cholesterol. Both Brunet et al. (37) and Dabbagh et al. (38) found an increase in total cholesterol and triglycerides, whereas the present work showed a reduction in serum cholesterol and no effect on serum triglycerides. Epidemiologic and experimental data suggest that excess iron may contribute to the development of cardiovascular diseases (CVD). Because increased LDL cholesterol, decreased HDL cholesterol and alteration of systolic blood pressure (SBP) have all been implicated as risk factors for atherosclerosis and related CVD, the present study (39) was designed to determine whether excess iron alters serum lipids and SBP in control and hypercholesterolemic rats. Female Fischer rats were divided into four groups. The control group (C) was fed the control diet, the CI group was fed the control diet and given iron dextran injections, the hypercholesterolemic group (H) was fed a 1 g/100 g cholesterol diet, and the HI group was fed the cholesterol diet and given iron dextran injections. The rats were fed the diets for 8 wk and iron dextran injections were given during wk 6 at doses of 10 mg/d for 5 d. Excess iron reduced (P < 0.01) plasma total cholesterol in rats fed the cholesterol diet . Excess iron also resulted in a redistribution of cholesterol among the various lipoprotein fractions, with an increase (P < 0.01) in HDL cholesterol  and a decrease (P < 0.01) in LDL cholesterol for H and HI, respectively). This redistribution also occurred in the rats fed the control diet. The treatments did not affect SBP or heart rate. The high cholesterol diet affected iron homeostasis; group H had lower transferrin saturation than group C (P < 0.01); group HI had a lower serum iron concentration than group CI but did not differ from group H (P < 0.05). Therefore, we conclude that if iron has any effect on CVD, it is not through its influence on serum lipids and blood pressure. The divergence between our results and these earlier studies may be explained by the difference in the levels of iron overload. Rats  with a form of hereditary iron overload (hemochromatosis) are more likely to develop diabetes [40]. With this in mind, we investigated whether a high iron diet, with or without methanol  extract gundelia tournefortii, could alter glucose, cholesterol, triglyceride, or hemoglobin levels. After four weeks of a high-iron diet, cholesterol was significantly increased in diabetic rats versus healthy rats fed the high-iron diet (p < 0.05) triglycerides did not increase significantly However, cholesterol levels in diabetic rats fed the high-iron diet could be reduced (p < 0.05) by the administration of methanol  extract gundelia tournefortii (at a dose of 100mg/kg extract body weight/day and 200 ) 100mg/kg extract to levels comparable with those seen in healthy rats fed the high-iron diet). extract gundelia tournefortii also significantly reduced triglyceride (p < 0.001) concentration, compared to either the diabetic or healthy test groups fed a high-iron diet 
Conclusion: 

Our results suggest that a low-iron diet could improve lipid homeostasis in drats, and that methanol extract gundelia tournefortii lipid profile compared with healthy test groups fed a high-iron diet
Table 1

Total flavonoid content (TFC) and total phenolic content (TPC) of methanolic extract of gundelia tournefortii and its fractions
	  TPC (µ/ml)
	TFC(µ/ml)
	Extract

	209± 21.76
	 9.7±0.48                  
	methanolic extract of gundelia tournefortii


Table 2

Results of the LD50 experiment

	Dose (mg/25gm)
	80
	90
	100
	105
	110
	130

	Total number of the group
	4
	4
	4
	4
	4
	4

	Number of animals died
	0
	0
	1
	2
	3
	4

	Number of animals survived
	4
	4
	3
	2
	1
	0

	Sg (number survived at this and greater doses)
	14
	10
	6
	3
	1
	0

	Ds (number of animals died at this and smaller doses)
	0
	0
	1
	3
	6
	10

	Sg + Ds
	14
	10
	7
	6
	7
	10

	%Mortality = Ds/(Sg + Ds) X 100%
	0
	0
	14.3
	49
	85.7
	100


Sg: Number of mice survived at this dose and higher doses.
Ds: Number of mice died at this dose and lower doses.

Figure 1
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Table  3 

Toxicity Study Results: 
	Dose
	Number of mice
	Sex
	Results after 24 hrs 

	
	
	
	 Alive
	Dead

	100
	10
	M
	1
	9

	50
	10
	M
	1
	9

	25
	10
	M
	0
	10

	10
	6
	F
	0
	6

	7
	6
	F
	2
	4

	6.5
	6
	F
	4
	2

	5.5
	6
	F
	3
	3

	5 
	10
	M
	10
	0

	
	8
	F
	8
	0


Table 4

	Dose
	Number of mice
	Sex
	Results after 24 hrs 
	Notes

	
	
	
	 Alive
	Dead
	

	100
	10
	M
	0
	10
	After 1/2 min of injection with R1 sudden convulsions in the posterior limbs prevented them from walking properly. All animals were prostrated can't eat or drink, with jerk, apnea and piloerection. 

	50
	10
	M
	0
	10
	

	25
	10
	M
	0
	10
	

	10
	6
	F
	0
	6
	

	7
	6
	F
	2
	4
	Same symptoms and the 2 alive animals were dying. They died after 48hr.  

	6.5
	6
	F
	4
	2
	Same symptoms in most of them. The 4 alive animals, 2 of them were tired can’t eat or drink and died after 48hr, the other 2 can walk and eat, alive till now (8 days)

	5.5
	6
	F
	3
	3
	Same symptoms in most of them. The 3 alive animals, 2 of them were tired can’t eat or drink and died after 73hr, the last one can walk and eat, alive till now (8 days)

	5 
	10
	M
	10
	0
	Same symptoms in most of them. They can move slowly. After 73 hr half of them died. 

	
	8
	F
	8
	0
	


Table  5 

LD50 Calculation:

	Dose
	Number of animals
	alive
	dead
	Total
	Mortality %

	
	
	
	
	Alive (Ag)
	Dead (Ds)
	

	5
	6
	6
	0
	15
	0
	0

	5.5
	6
	3
	3
	9
	3
	25

	6.5
	6
	4
	2
	6
	5
	45.45

	7
	6
	2
	4
	2
	9
	81.8

	10
	6
	0
	6
	0
	15
	100

	25
	6
	0
	6
	0
	21
	100

	50
	6
	0
	6
	0
	27
	100

	100
	6
	0
	6
	0
	33
	100


Proportional distance= (50% - 45.45%) / ( 81.8% - 45.45%) 

                                  = 0.125

LD50 = 10^ (log (lower dill) + proportional distance * log (dilution factor)) 

          = 10^ (log6.5 + 0.125 * log (7/6.5))

          = 6.56 mg/kg.
Table 6 

The Mean Values of Serum Iron and Ferritin in the Studied Groups

	Serum Ferritin, ng/mL
	Serum Iron, µg/dL
	Character of each group  
	Groups

	1.68 ± 0.55
	229.44 ± 32.84
	Healthy control
	1

	3.57± 0.62
	380.00 ± 27.29
	Iron overload
	2

	2.85 ± 0.39
	228.76 ± 40.81
	Iron overload + deferoxamine
	3

	2.62 ± 0.14
	214.67 ± 42.29
	iron overload treated with 100 mg/kg methanol  extract of akoub  (gundelia tournefortii
	4

	2.42 ± 0.09
	206.55 ± 36.37
	iron overload treated with 100 mg/kg methanol  extract of akoub  (gundelia tourneforti)
	5


Table7 

The Mean Values of Liver Biomarkers in the Studied Groups
	AST (IU/l)
	ALP (IU/l)
	ALT (IU/l)
	Character of each group  
	Groups

	167.34± 22.54
	488.65± 36.83 
	68.26± 18.58 
	Healthy control
	1

	274.86± 28.44* 
	756.42± 48.56  
	86.66 ± 18.92*
	Iron overload
	2

	188.43 ±32.74* 

	744.88 ± 62.72
	52.65± 19.39*
	Iron overload + deferoxamine
	3

	153.48± 22.78* 
	584.37± 86.29 
	72.97 ± 16.45*
	iron overload treated with 200 mg/kg methanol  extract of akoub  (gundelia tournefortii
	4

	163.69± 34.86* 
	614.71±93.61 
	77.65 ± 18.99*
	iron overload treated with 100 mg/kg methanol  extract of akoub  (gundelia tourneforti)i
	5


Activity of alanine transaminase (ALT), aspartate transaminase (AST) and alkaline phosphatase (ALP) in plasma of normal and experimental groups of rats. Values are given as mean ± SD for groups
Table 8 
 The Mean Values of Serum Creatine Phosphokinase and Lactate Dehydrogenase Activity in the Studied Groups
	Serum LDH, IU/L
	Serum CPK, IU/L
	Character of each group  
	Groups

	1863.66± 443.51
	1344.86± 318.66
	Healthy control
	1

	2718.54± 778.44*
	1474.83 ± 348.62 *
	Iron overload
	2

	1396.96 ± 580.68* 
	1174.43± 146.55*
	Iron overload + deferoxamine
	3

	976.48± 185.78*
	687.52± 128.83* 
	iron overload treated with 200 mg/kg methanol  extract of akoub  (gundelia tournefortii
	4

	1114.62± 238.90 *
	748.92 ± 116.92*
	iron overload treated with 100 mg/kg methanol  extract of akoub  (gundelia tourneforti)i
	5


Table 9 

Level of plasma total cholesterol (TC), triglycerides (TG), HDL-C and LDL-C of normal and experimental groups of rats. Values are given as mean ± SD for groups of eight animals each
	LDL-C (mg/dl)
	HDL-C (mg/dl)
	TG (mg/dl)
	TC (mg/dl)
	Character of each group  
	Groups

	48.66± 5.49
	34.77 ± 8.92
	82.54 ± 6.83
	98.79 ± 5.88
	Healthy control
	1

	118.63± 13.88*
	22.66 ± 4.19*
	144.64 ±17.29*
	167.39 ± 12.66*
	Iron overload
	2

	88.33 ± 9.53*
	29.55 ± 5.28*
	120.66 ± 17.19*
	142.64 ± 15.86*
	Iron overload + deferoxamine
	3

	56.68 ± 5.28*
	38.66 ± 7.56*
	88.42 ± 8.77*
	117.34 ± 12.53*
	iron overload treated with 200 mg/kg methanol  extract of akoub  (gundelia tournefortii
	4

	68.66 ± 6.77*
	33.66 ± 8.64*
	102.43 ± 9.62*
	128.62 ± 11.54*
	iron overload treated with 100 mg/kg methanol  extract of akoub  (gundelia tourneforti)i
	5
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