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ABSTRACT

BACKGROUND AND AIM: The effects of fengugreek against DOX-induced  hyperglycaemia , hypercholesterolemia and oxidative stress were assessed by determining changes in thiobarbarbituric acid reactive substance(TBA-RS) and  reduced glutathione (GSH) levels in heart tissues and  plasma levels of  glucose and lipid in attempet to reduce DOX –induced cardiotoxicity METHODS: Fourty  male albino rats of wistar strains  weighing  150-200 g were  used . The animals were  divided into four groups 10 rats each. Group 1: Is a control group in which rats were received only  1.5 ml of  vehicle (saline) . Group 2: In which rats were treated intragastically with   fengugreek seeds powder suspention in saline (200 mg/kg b.w./day)fo 6 weeks. Group 3 : Rats were  treated only with DOX  (2mg/kglweek,IP) for 6 weeks Group 4: Rats were treated intragastically with fengugreek seeds powder suspention in saline (200 mg/kg b.w./day) simultanously with doxorubicin 2mg/kglweek,IP for 6 weeks.  Blood aliquots were collected for plasma  separation from all groups for determination of plasma glucose level, total cholesterol(TC), HDL-cholesterol(HDL-C), LDL- cholesterol(LDL-C) , triglycerides (TG ) ,  phospholipids  and total lipids. Atherogenic indexes were also estimated.  Also, specimens were taken from the heart  tissues and tissue homogenate was done for determination of TBA-RS and GSH.  Results: Intraperitoneal administration of DOX  produced a significant increase in tissue levels of TBA-RS(259.96 ± 22.48 vs 203.03 ± 28.22), plasma glucose levels (228.3(12 vs 83.6(4.3), TC(281.8(13.6 vs 163.6(8.2 ), LDL-C (207.8(12.4  vs 97.8( 5.5) , TG (165.7(8.9  vs 113.4 ( 6.8), phospholipids (117.9(7.8 vs 93.8(6.1) and total lipid  (668(28.6 vs 5391( 26.3).  Atherogenic indexes (TC/HDL-C) ( 6.9(1.2vs 3.7( 0.6) and (LDL-C/HDL-C) ( 5.09(1.2 vs 2.2(0.4 ) were significantly  increase . On the other hand, it produced significant decrease in  GSH tissue levels (284.57 ± 24.33 vs479.17 ± 40.76), while,HDL-C is   non  significantly decreased (40.8(3.1vs 44.3(3.1) as compared to control. Combined administration of  both fengugreek seeds powder suspention intragastically with doxorubicin 2mg/kg/week,IP for 6 weeks significantly decrease the tissue levels of TBA-RS (161.43 ± 26.05 vs259.96 ± 22.48 ),  plasma  levels of glucose (185.4(8.2 vs 228.3(12.5),  TC (208.4(11.2 vs 281.8(13.6), LDL-C (132.7(6.6 vs 207.8(12.4), TG (135.3(6.8 vs 165.7(8.9), and  total lipid (532.8(25.5 vs 668(28.6), phospholipids were also non significantly decreased  (106.8(5.6 vs117.9(7.8). Atherogenic indexes (TC/HDL-C)( 4.28(0.85 vs 6.9(1.2) and (LDL-C/HDL-C)( 2.69(0.47 vs 5.09(1.2) were significantly decrease. In addition,GSH and  HDL-C is  significantly increased (371.18±16.53vs 284.57±24.33and 48.6(3.8 vs 40.8(3.1 ,respectively) conclusion: From these results it can be concluded that intragastically  administered fengugreek seeds simultanously with doxorubicin has antioxidant , anithyperglycemic , antihypercholesterolemic and antiatherolsclerotic (increasing HDL-C)  effects and thereby could reduce the risk   factors for  doxorubicin –induced  cardiotoxicity and heart faiuler .   
INTRODUCTION

            Doxorubicin  (DOX) , an anthracyclin glycoside antibiotic, is a potent chemotherapeutic agent used for the treatment of lymphomas , leukemias and solid tumors( Bagchi ., et al 1995 and Singal et al .,1995). Unfortunately, its usefulness is seriously limited by development of life threatening cardiomyopathy, including dilated and restrictive forms (Sorenson et al., 1997), congestive heart failure and subtler changes of myocardial function following acute and cumulative doses (Coudary et al., 1995).
               Doxorubicin induces oxidative stress and toxic reactive oxygen species         (Singal et al., 2000). These toxic reactive oxygen species react with lipids, proteins and nucleic acids resulting in lipid peroxidation, depletion of sulfahydryl-containing peptides and damage to DNA ( El-Missiry et al.,2001). Recent studies demonstrate the important role of peroxynitrite and inducible nitric oxide in DOX-induced cardiotoxicity (Mukhopadhyay et al., 2009)
        Deleers  and  Goormaghtigh  (1985)  have  demonstrated  by  an  in  vitro  study,  that therapeutic doses of doxorubicin are  highly  toxic  to  endocrine  function  mainly  on insulin secretion, and DOX treatment elevated both blood glucose and liver glycogen (Geetha et al .,1989).  In addition, lipid lowering with proboucol, lipid lowering agent and potent antioxidant, as well as lovastatin have modulatory effect on DOX-induced cardiomyopathic changes, therefore it is suggested that hyperlipidemia is deleterious for heart function and may contribute to the DOX-induced heart failure (Iliskovic and singal ,1997).

      On the other hand traditional, the use of herbs backs to centries in Egypt where their use was restricted to certain medical cases. Among these herbs found in commercial market are fengugreek ( Trigonella foenum graecum) . It has been used as a cooking spice and flavoring agent for centuries. The plant grows in India, Egypt and Middle East. It is a member of the Leguminosae family, along with other legumes (Annida and Stanely ,2004). 
      Fenugreek is derived from the dried seeds of the plant and is used traditionally in ayurvedic medicine as a demulcent, laxative, and lactation stimulant. It is also used as a dietary supplement to treat various conditions including diabetes, high cholesterol, wounds, inflammation, and gastrointestinal complaints. Fenugreek exhibits hypocholesterolemic (hypolipidemic) and hypoglycemic activity in diabetic animals and humans (Annida and Stanely, 2004 and Mondal et al., 2004). The defatted seed material may reduce gastrointestinal glucose and cholesterol absorption and increase bile acid secretion (Ravikumar and Anuradha, 1999). 
              In addition, fenugreek may have hepatoprotective effects in animals with alcohol-induced liver damage (Kaviarasan et al., 2008). A few in vitro studies have shown that fenugreek exhibits chemopreventive properties against certain cancers although human studies not available (Amin et al., 2005 and Sebastian and Thampan, 2007).  Extracts of fenugreek show antimicrobial and nematocidal activity in vitro      (Zia et al.,2001), induce cell cycle arrest as well as apoptosis  in estrogen receptor-positive breast cancer (Sebastian and Thampan 2007), show a stimulatory effect on immune functions in mice (Bin et al .,2003).  In addition, daily oral treatment with Trigonella foenum graecum significantly decreased the quantity of calcium oxalate deposited in the kidneys (Ahsan et al., 1989).
                 Barnes et al. (2002) demonstrated that the main constituents of fenugreek are , Alkaloids: Trigonelline (yields nicotinic acid with roasting), gentianine, carpaine, choline ;   Proteins and amino acids: 4-Hydroxyisoleucine, histidine, lysine, arginine ;  Flavonoids: Apigenin, luteolin, orientin, vitexin, quercetin, ;  Saponins: Graecunins, fenugrin B, fenugreekine, trigofoenosides A-G  ;  Steroidal sapinogens: Yamogenin, diosgenin, smilagenin, sarsasapogenin, tigogenin, neotigogenin, gitogenin, neogitogenin, yuccagenin ; Fiber: Gum, neutral detergent fiber and other: Coumarin , lipids , vitamins, minerals.    

      
             In the light of these consideration this study was designed to test and evaluate the protective effect of  fengugreek  against  doxorubicin- induced hyperglycaemia , hypercholesterolemia  and oxidative stress as a mean to prevent doxorubicin -induced cardiotoxicity and heart failure. 
Materials and Methods

Animals and treatments:

      The present study was conducted on 40 wistar male albino rats each weighing 150-200 g (Purchased from animal house, Faculty of Medicine, Assuit University, Assuit, Egypt, and were housed in animal place, Faculty of Medicine, Sohag University, maintained in a controlled environment under standard conditions of temperature (25±2 oC) and light (12 hours/24 hours) and allowed access to drinking water and rodent chow diet ad  libitum. The experimental protocol was approved by the Institutional Animal Care and Use Committee of the Sohag University, Faculty of Medicine.
 Animals were divided into four groups each of which is 10 rats as follow: 
-Group I: is a control group where animals were received only 1.5 ml of vehicle (saline)  intragastically. 
-Group II: Rats were treated intragastically with   fengugreek seeds powder suspention in saline (200 mg/kg b.w./day)for 6 weeks (was obtained from commercial markets) سمية التي اختارت اعلي جرعة و هى 18 جرام للشخص 60-80 كحم.تم اختيار هذه الجرعة حسب بحث
-Group III : Animals were  treated with DOX only (2mg/kg/week,IP) for 6 weeks, purchased from Sigma Chemical Company ,(Wakasugi et al.,1992). 

 -Group IV : were treated simultanously with fengugreek seeds powder suspention in saline (200 mg/kg b.w./day)  intragastically and doxorubicin 2mg/kg/week,IP for 6 weeks.  
Sample collection :
    After the experimental period, animals from each group were fasted overnight and sacrificed by decapitation. Blood samples were collected from jugular vien on EDTA and Plasma was separated out at 6000rpm for 5 min and used for biochemical estimation . Small pieces of heart  tissues were separated, weighted, homogenized  in ice cold  water and stored at   -20 oC for subsequent measurements.

I-Determination of thiobarbituric acid reactive substance (TBA-RS) and GSH levels in heart tissues: 

          Measurment of SBA-RS as one of the main end point of lipid peroxidation, will be carried out in heart homogenate according to the method of  Uchiyama and Mihara,1978 . This is by clorometric determination of TBA-RS using aliquots of 0.5 ml of 20% homogenate to which 3 ml of 1% orthophosphoric acid and 1 ml of 0.6%  thibarbituric acid (2- thibarbituric acid Fluka, Chemica , Switherland ) were added, heated in a boiling water bath for 45 minutes, cooled and mixed vigorously after addition of 4 ml of n-butanol to each tube. Then the tubes were centrifuged and the supernatants were separated. The absorbance of the pink layer was measured at 535nm and 520nm against reagent blank using a spectrophotometer. The difference in the absorbance at the two wave length was calculated and compared with that malondialdehyde as external standard to calculate the concentration of SBA-RS IN each sample. 
         The intracellular GSH contents in the heart tissues were assayed using Ellman´s reagent according to the method of Griffith (1980): in brief, 0.5ml of 20% tissue homogenate in 1.5 % of potassium chloride solution at 4 C was added into tube containing 0.5 ml  of trichloroacetic acid –EDTA reagent (10% TCA+ 5 mM Na 2 EDTA). Centrifugation after shaking and 0.2 ml of supernatant was mixed with 1.7 ml of phosphate buffer in separate test tube where Ellman´s reagent (0.1ml was added. Ellman’s reagent is (5’, 5’-Dithiobis, 2-nitrobenzoic acid, (DTNB) solution) (ICN Biomedicals Inc, USA).  The optical density at 412 nm for each sample was measured after 5 minutes and GSH content were calculated using standard curve (Reduced Glutathione (Sigma Chemical Co., USA).

II-Determination of glucose and lipid profile:  
      Plasma sample were subjected to enzymatic determination of plasma  glucose  by the oxidase method (Trinder ,1969), total cholesterol (TC) (Allian et al.,1974),  HDL-cholesterol(HDL-C)(Burstein et al .,1970),  triglycerides(TG) (McGowan et al.,1983),  phospholipids (Connerty, et al.,1961) and total lipids (TL) (Kinght et al .,1972) were also estimated. LDL- cholesterol(LDL-C) detrmined by the following calculation (Friedewald et al .,1972):

LDL-cholesterol  = TC​​​​​​​​​​​​​​   -  HDL -   triglyceride/5                      

  Total cholesterol/HDL-C and LDL-C/HDL-C ratios were calculated as atherogenic index (Uyanik et al .,1997).

Statistical analysis of data:
      Statistical analysis was performed by SPSS statistics program for windows version 8.0 (SPSS, Chicago,USA) . An  unpaired students´ t-test was used for comparison of variables between groups . The analysis of variance´´ one-way analysis of variance ANOVA ´´ followed by Kruskal-Wallis were used to establish the significance of between-group.  Results were expressed as means ( SD of 10 observations. A Threshold value of P less than 0.05 was taken as significant.  
                                                 RESULTS

A-Effect of intraperitoneal  adminisreation of   doxorubicin on tissue levels of TBA-RS and GSH and  plasma  levels of glucose   and lipid profile : 
1-Effect of DOX on tissue levels of TBA-RS  and GSH :-
      Intrapritoneal administration of DOX (2mg/kg/week) for 6 weeks produced  a highly significant increase in TBA-RS in hreart tissues(P<0.01) 28% (Table.1 and figure1).  In the other hand it decrease tissue levels of GSH  (P<0.01) -40% as compared with control group (Table.1 and figure 1).
2-Effect of DOX on plasma glucose level:-
      Intrapritoneal administration of DOX (2mg/kg/week) for 6 weeks produced  a highly significant elevation in plasma glucose level (P<0.001) 173% as compared with control group (Table.2 and figures 2 and 4).
3- Effect of DOX on  lipid profile:-
            Intrapritoneal administration of DOX (2mg/kg/week) for 6 weeks produced  as compared with control group a highly significant (P<0.01 or 0.001) increase in plasma  TC, LDL-C , atherogenic index (TC/HDL-C, LDL-C/HDL-C), triglycerides , phospholipids, total lipid  by 71% , 112.4%, 86% 131.3%,46%, 25.6% and 23.9% respectively.( Tables 2 and 3 Figure 2,3 ,4 and 5 ). In addition it produced a non significant decrease in HDL-C compared to control group were it -8%.(Table 2 Figures 2 and 4).
B-Effect of intragastric administration  of fenugreek  simultinously with intraperitoneal administration of   doxorubicin on tissue levels of TBA-RS and GSH and  plasma  levels of glucose  and lipid profile :- 

1-Effect of  combined administration of DOX  and fenugreek  on  tissue levels of TBA-RS  and GSH :-
        Table (1) and Figure (1) show that intrapritoneal administration of DOX (2mg/kg/week) in concurrent with intragastric 200 mg/kg/day  fenugreek for 6 weeks produced a significant reduction in TBA-RS (P<0.01)  -37%  and  significant increase in GSH tissue levels (P<0.01)   30.4 % compared with DOX - treated group.
2-Effect of  combined administration of DOX  and fenugreek  on  plasma glucose level:-
      Table (2) and Figures (2)and (4)  show that intrapritoneal administration of DOX (2mg/kg/week) in concurrent with intragastric 200 mg/kg/day  fenugreek for 6 weeks produced a significant reduction in plasma glucose level (P<0.05)  -18.7% compared with DOX - treated group.
3-Effect of  combined administration of DOX  and fenugreek  on lipid profile :-
      Tables (2 and3 ) and  Figures 2, 3, 4 and 5 show that combined intrapritoneal administration of DOX (2mg/kg/week) with 200mg/kg/day fenugreek intragastrically for 6 weeks  produced significant reduction in triglyceride (P<0.05) -18%, at the mean time , plasma TC,  LDL-C , atherogenic index  and Total lipids were highly significantly decreased (P<0.01) by -26%, -36, -37.9%, -47%, and -20%, respectively. In addition  threre is significant elevation in HDL-C (P<0.05) 19 % , while the phospholipids were non significantly  reduced  -9% as compared with  DOX –treated group ( Table 2 and figures 2 and 4). 
      Fenugreek  treatment alone not produce  any significant changes on tissue levels of TBA-RS and GSH  or   plasma glucose and lipid profile compared to control group (Tables 1 ,2 and 3  figures 1, 2, 3 , 4  and 5 ).

Table.1. Effect of DOX 2mg/kg/week intraperitoneally  , fenugreek powder suspention   200mg/kg/day  intragastically  and their combination on tissue levels TBA-RS and  GSH  in rat heart .          ( values as mean ( SD.,n=10)
	                Parameters

Group


	TBA-RS (n mole/gm wet wt.)
	GSH (μg/gm wet wt.)

	Control


	203.03 ± 28.22
	479.17 ± 40.76

	Fenugreek
%
	197.77 ± 25.79
2
	440.19 ± 30.90
-8

	Doxorubicin
%
	259.96 ± 22.48**
28
	284.57 ± 24.33**
-40.6

	Combination of doxorubicin and fenugreek
%
	161.43 ± 26.05●●
-37
	371.18 ± 16.53●●
30.4


* Versus control group (*P<0.05: significant. and  **P<0.01  highly significant).

●Versus DOX treated group (●P<0.05: significant. and  ●●P<0.01  highly significant).

Table. 2. Effect of DOX 2mg/kg/week intraperitoneally  , fenugreek powder suspention 200mg/kg/day  intragastically  and their combination on plasma levels of glucose , TG, HDL-C, LDL-C and atherogenic index   in rats .

                 (values as mean ( SD.,n=10)

	          Parameters
Groups 
	glucose
	TC
	HDL-C
	LDL-C
	Atherogenic index

	
	mg/dl
	TC/HDL-C
	LDL-C/ HDL-C

	Control
	83.6(4.3
	164.6(8.2
	44.4(3.1
	97.8(5.5
	3.7(0.6
	2.2(0.4

	Fenugreek
	81.5(3.9
	163(7.8
	41.3(2.9
	95.7(6.3
	3.5(0.5
	2.32(0.35

	Doxorubicin 
	228.3(12.5**
	281.8(13.6**
	40.8(3.1
	207.8(12.4**
	6.9(1.2**
	5.09(1.2**

	Combination of doxorubicin and fenugreek 
	185.4(8.2●
	208.4(11.2●●
	48.6(3.8●
	132.7(6.6●●
	4.28(0.85●●
	2.69(0.47●●


* Versus control group (*P<0.05: significant. and  **P<0.01 or P<0.001: highly significant).

●Versus DOX treated group (●P<0.05: significant. and  ●●P<0.01 or P<0.001: highly significant).

Table.2. Effect of DOX 2mg/kg/week intraperitoneally, fenugreek powder suspention 200mg/kg/day  intragastically  and their combination on plasma levels of   triglycerides, phospholipids and total lipids in rats. (values as mean ( SD., n=10)

	             Parameters
Groups

	Triglycerides
	Phospholipids
	Total lipid

	
	mg/dl

	Control
	113.4(6.8
	93.8(6.1
	539.1(26.3

	Fenugreek
	110.5(5.7
	92.3(6.3
	535.9(25.6

	Doxorubicin 
	165.7(8.9**
	117.9(7.8**
	668(28.6**

	Combination of doxorubicin and  fenugreek 
	135.3(6.8●
	106.8(5.6
	532.8(25.5●●


* Versus control group (*P<0.05: significant. and  **P<0.01 or P<0.001: highly significant).

●Versus DOX treated group (●P<0.05: significant. and  ●●P<0.01 or P<0.001: highly significan).

Fig .1. Effect of DOX 2mg/kg/week intraperitoneally, fenugreek powder suspention 200mg/kg/day  intragastically  and their combination on tissue levels TBA-RS and  GSH  in rat heart.
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 * Versus control group (*P<0.05: significant. and  **P<0.01 or P<0.001: highly significant).

●Versus DOX treated group (●P<0.05: significant. and  ●●P<0.01 or P<0.001: highly significan).
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Fig .2. Effect of DOX 2mg/kg/week intraperitoneally  , fenugreek powder suspention 200 mg/kg/day  intragastically  and their combination on plasma levels of  glucose , TC, HDL-C  and LDL-C.
* Versus control group (*P<0.05: significant. and  **P<0.01 or P<0.001: highly significant).

●Versus DOX treated group (●P<0.05: significant. and  ●●P<0.01 or P<0.001: highly significant).
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Fig .3. Effect of DOX 2mg/kg/week intraperitoneally  , fenugreek powder suspention 200mg/kg/day  intragastically  and their combination on plasma levels of  TG ,  phospholipids and total lipid .
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* Versus control group (*P<0.05: significant. and  **P<0.01 or P<0.001: highly significant).

●Versus DOX treated group (●P<0.05: significant. and  ●●P<0.01 or P<0.001: highly significan).

Fig. 4. Percentage change in the levels of plasma glucose, total cholesterol and 
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its fraction and the atherogenic indexes  .
* Versus control group (*P<0.05: significant. and  **P<0.01 or P<0.001: highly significant).       

●Versus DOX treated group (●P<0.05: significant. and  ●●P<0.01 or P<0.001: highly significan).

Fig. 5. Percentage change in the levels of plasma triglyceride, phospholipid and total lipid .
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* Versus control group (*P<0.05: significant. and  **P<0.01 or P<0.001: highly significant).

●Versus DOX treated group (●P<0.05: significant. and  ●●P<0.01 or P<0.001: highly significan).

DISSCUTION:

      Doxorubicin  (DOX), an anthracyclin glycoside antibiotic, is a potent chemotherapeutic agent used for the treatment of lymphomas, leukemias and solid tumors( Bagchi et al., 1995 and Singal et al .,1995). Unfortunately, its usefulness is seriously limited by development of life threatening cardiomyopathy, including dilated and restrictive forms ( Sorenson et al.,1997), congestive heart failure and subtler changes of myocardial function following acute and cumulative doses (Coudary et al ., 1995).

       Several studies focusing on DOX-induced oxidative stress as, the quinine structure of DOX can be converted to semiquinone, a charged moity, by mitochondrial, lysosomal and cytosolic  enzymes (Singal et al .,2000) that readily donates an electron to an oxygen molecule ; resulting in generation of superoxide anion which is reactive and dismutes to H2O2 by super oxide dismutase . H2O2 can be converted to high  toxic hydroxyl radicals in presence of F+2 (Halliwell ,1994) .  Toxic reactive oxygen species react with lipids, proteins and nucleic acids resulting in lipid peroxidation, depletion of sulfahydryl-containing peptides and damage to DNA (El-Missiry et al.,2001). Recent studies demonstrate the important role of peroxynitrite and inducible NO in DOX-induced cardiotoxicity (Mukhopadhyay et al., 2009).
        Bagchi  et al .(1995) demonstrate  that  adriamycin administration induces myocardial and hepatic lipid peroxidation which may be  due to adriamycin-induced production of reactive oxygen species.

       Also, et al. (2006) studied the effect of aminoguanidine (AG) , an effective antioxidant and free radical scavenger,  which has long been known to protect against ROS formation. They demonstrate that AG administration before DOX injection caused significant decrease in TBARS and increase in GSH levels in the heart tissue when compared with DOX only.
               In addition, Many investigators demonstrated that hyperglycaemia is a sufficient  alert for elevated cardiovascular disease risk  (Haffiner et al .,1990) . Glucose intolerance, a component of type 2 diabetes , has been independently associated with risk of cardiovascular disease( Bjornhot et al .,1999 and  Misra et al .,1999). 

            Geetha et al (1989) reported that in DOX-treated rats the blood glucose levels was elevated by 20%.  , and this could have been due toxic effect of DOX on the pancreatic function as reported by Deleers and Goormaghtigh  (1985) in- in vitro studies. Insulin is a major hormone involved in the maintenance of  glucose homeostasis (Lee and Weber, 1968). Also, they demonstrate that a significant increase  in  hepatic  glycogen  which  could  be  attributed  to  a reduction  in  the activities  of  glycogen  phosphorylase  and  glucose-6-phosphatase , and the coadministration of  vitamin E prevent this alteration considerably , because of the antioxidant nature of α –tocopherol against lipid peroxidation  induced by DOX  (Doroshow ,1983) . The alterations induced in these enzyme levels  might have been through the lipid peroxidative nature of DOX (Geetha et al ., 1989).
             In the present study , the tissue levels of TBA-RS were significantly increased (P<0.05) and GSH levels were significantly decreased (P<0.01) indicating the occurance of oxidative stress in DOX-treated rats as compared with control. Also, the  level of plasma glucose was significantly  increased (P<0.001). It suggests that the increase in glucose levels is due to the lesser availability of insulin , release of  glucose from the liver and also due to the reduced glucose oxidation that leads to hyperlipidemia causing accumulation and increased synthesis of cholesterol, triglyceride , lipoproteins resulting from excess mobilization of fat from adipose tissue due to under utilization of glucose.

            Most of the plants and herbs characterized by high levels of fiber content are responsible for their hypoglycaemic effect. Therefore , the addition of certain forms of diatary fiber  to  the diet  of diabetic subjects significantly improves hyperglycaemia (Mohamed and Osman ,2003).

              Simultaneous administration of an aqueous extract of fenugreek seeds with ethanol prevented the harmful effects of alcohol on lipid peroxidation and enzyme markers of hepatotoxicity (Thirunavukkarasu et al.,2003). Kaviarasan  High levels of polyphenolic flavonoids (more than 100 mg per 100 g) have been isolated from fenugreek seeds. These have been associated with dose-dependent protection of erythrocytes from antioxidant damage in an in vitro study ( et al .,2004).



              Fenugreek exhibits hypoglycemic activity in  diabetic animals and humans (Sharma et al.,1990).  Oral administration of 2 and 8 g/kg of plant extract produced dose dependent decrease in the blood glucose levels in diabetic rats (Khosla et al.,1995). The mechanism is uncertain, but  may attributed to the trigonelline, nicotinic acid, and coumarin fractions. 4-Hydroxyisoleucine,an amino acid constituent of fenugreek, potentiates insulin secretion in NIDDM rats when administered intraperitoneally (Broca et al., 1999). In vitro studies have indicated that this amino acid causes direct pancreatic β-cell stimulation, delayed gastric emptying and inhibition of glucose transport also have been postulated as possible mechanisms (Gupta et al.,2001). In addition, the seeds improved glucose metabolism and normalized creatinine kinase activity in heart, skeletal muscle and liver of diabetic rats.  
            Multiple studies have been undertaken to demonstrate the glucose-lowering effects of fenugreek (Sharma et al .,1990 ;  Khosla et al., 1995  and Hannan et al., 2003 ) . Ribes et al (1984) evaluate  the hypoglycemic effects of the seeds in dogs. They demonstrated that the defatted fraction of the seeds lowered blood glucose levels, plasma glucagons, and somatostatin levels; carbohydrate-induced hyperglycemia was also  reduced .
         Fenugreek intake in humans is associated with an increase in molar insulin binding sites of erythrocytes, which may enhance glucose utilization (Raghuram et al .,1994) . In addition to lower fasting and postprandial glucose levels, fenugreek-treated diabetic rats have higher hemoglobin, GSH, and plasma antioxidant levels and lower glycosylated hemoglobin, plasma lipids, and TBARS levels than diabetic controls (Ravikumar and  Anuradha ,1999) .  Dietary fenugreek normalizes the activities of glucose and lipid-metabolizing enzymes in diabetic rats (Vijayakumar  and  Bhat , 2008). In healthy mice and rats, dietary fenugreek is associated with increased serum T4, liver GSH, glyoxalase I, and Glutathion-S-transferase(GST) activities, and decreased T3 levels and T3/T4 ratio (  Raju et al.,2001).
          In the present study, coadministration of fenugreek reduced the tissue   TBA-RS  and blood glucose levels  and increase GSH levels  compared to that of  DOX only –treated animals  by  -37,-18% and 30.4 respectively evidencing antioxidant activity and the increased utilization of glucose , further suppressing the mobilization of fat and normalize the plasma lipids.  The possible mechanism for observed anti-hyperglycemic effect of fenugreek may be due to increased ability of insulin to mediate tissue glucose uptake, and thus helpful to maintain glucose homeostasis . Lowering of glucose level along with plasma lipids levels seems to be associated with decrease risk of cardiovascular diseases.

          In the other hand, plasma lipid profile is generally considered as a reflection of tissue metabolism and  the permeability of cell membrane to various ions , which in turn depends on lipid compostion (Keane, 1994). Hypercholesterolemia refers to levels of cholesterol in blood that are higher than normal individual. Overwhelming evidence indicates that hypercholesterolemia and other lipid abnormalities provide an important modifiable risk factor for coronary heart disease(CHD) (Rodriguez-Porcel et al .,2001) .  Risk of CHD increases progressively with higher levels of LDL-C while higher level of HDL-C reduces the risk significantly (Amudha et al.,2007).  Furthermore , CHD is also found to be associated with coronary  endothelial dysfunction and myocardial perfusion abnormalities (Rodriguez-Porcel et al .,2001).  

          Many mechanistic studies reported that DOX induces its cardiomyopathy through several events including, free radical generation and lipid peroxidation (Al-shabanah et al .,1998), mitochondrial dysfunction (Mayers and Chabner ,1990) and inhibition of β-oxidation of long chain fatty acids (Sayed-Ahmed et al.,1999). 

        Furthermore, Iliskovic and signal (1997), observed hypertriglyceridemia and hypercholesterolemia in rats following cumulative dose of DOX and this was accentuated on feeding high cholesterol diet . DOX was reported to cause the development of chronic glomerulosclerosis associated with nephrotic syndrome (Badary et al .,2000). Thus, it likely that the hyperlipidemia is basically the result of DOX-induced nephrotic syndrome (Washio et al ,1994). Also, Skutelsky et al.,(1995)  reported that DOX induce hypercholesterolemia leading to adverse effects on cardiac contractility.

     The effects of  chronic administration of DOX on blood levels of lipids and lipoproteins were investigated in male rats . The finding presented in this study indicated that DOX produced significant elevation in   TG  46%, TC 71%, LDL-C 112.4% , atherogenic indexes (TC/HDL-C )86%, (LDL-C/HDL-C)131.3%,  phospholipids 25.6% and  total lipid 23.9%. These results corrborate the effectiveness of DOX as an inducer of hyperlipidemia.

        Furthermore, Phospholipid are essential structural component of animal cell membrane and cytoskeleton. The phospholipids are suitable targets in the course of oxidative processes due to the presence of esterified polyunsaturated fatty acids in their molecular structures and therefore study on content of phospholipids provides a measure of extent of susceptibility of membrane lipids toward peroxidation (Sailaja et al., 2004). Higher concentrations of phospholipids affect the physicochemical properties  of membrane (Corry  and Meiselman, 1978) .
       In the present study , the level of plasma phospholipids was increased in DOX-treated rats as compared to control rats (25.6 %) may be due to free radicals generated during DOX treatment which attack the membrane phospholipids.  Also , this may be due to the overproduction of superoxide anion, hydroxyl free radical , H2O2 and decrease efficiency of endogenous antioxidant defenses (Corry  and Meiselman, 1978). Moreover, Hershko et al., (1996) observed enhanced iron-dependent lipid peroxidation with DOX treatment in the heart. The DOX-iron complex is highly toxic to various intracellular proteins and membrane lipids.

   Many herbal medicinal products have potential hypocholesterolemic  and hypoglycaemic activities  and these  herbs encourage safety profiles. However, only limited amounts of clinical resrarch exist to support their efficacy (Thompson and Ernst ,2003)

    The current data demonstrate that the combined treatment of rats with  fenugreek and DOX   cause a significant decline in plasma LDL-C(-36%) and total cholesterol (-26%) , atherogenic indexes( -37.9% and -47%),  triglyceride (-18%) and  total lipids (-20%) while HDL-C was significantly elevated (19%) .  These decreases in lipid profile are in agreement with Al-Habori and Raman (1998) whome illustrated that fenugreek treatment selectively reduces LDL, VLDL and total cholesterol while HDL-C was increased in alloxan-induced diabetic rats and type II diabetic individuals following treatment with fenugreek. Also, Thompson and Ernst (2003) illustrated that fenugreek; red yeast rice and artichoke have demonstrated reduction in total serum cholesterol levels of between 10% and 33%. 
       In another  studies , Basch et al ., 2003 reported that subject with elevated blood cholesterol concentrations who consumed powdered fenugreek seeds experienced a significant reduction in total cholesterol, triglyceride and LDL-C without any change in HDL-C. This apparent contradiction might be explained by different species.

      As illustrated from our results, plasma LDL and total cholesterol are the most reduced parameters(-36% and -26%, respectively) in DOX-induced hypercholesterolemic rats treated with fenugreek. Four possible mechanisms are postulated to be responsible for the observed hypocholesterolemic effects: a) an increase in convertion of cholesterol to bile acids, an important pathway of elimination of cholesterol from the body and (b) possibly by intra-luminal binding which resulted in increased fecal excretion of bile acids and neutral sterols ( Venkatesan et al .,2003) (c) the presence of  flavonoids which  lead to inhibition of cholesterol biosynthesis and to increased faecal bile acids excretion (Asha et al .,2001 and Madar  and  Stark , 2002) (d) antioxidant properties of this plant (Dixit et al .,2005).

      The rise in plasma concentrations of HDL-C might evidence the increase synthesis of HDL-C constituents. Recent evidences show the benefits of reducing LDL-C is associated with a reduced risk CHD (Gylling ,2004). Increased circulating  HDL-C level , which evidence to its protective role against development of cardiovascular disease.  Niacin (nicotinic acid), an essential B-group vitamin, increases HDL-C and decreases LDL-C (Goldberg , 1998) .  It has been reported that niacin has plasma lipid –regulating properties and is beneficial for cardiovascular effects (Capuzzi et al .,2000 and Tavintharan  and Kashyap ,2001). Nicotinic acid is an important constituent of fenugreek seeds (Barnes et al.,2002).

     Also, treatment with fenugreek in DOX-treated ,the levels of phospholipids was decreased in plasma . The reduction in  phospholipids may be due to the enhanced activity of phospholipase (Jayachandran et al 1996). Maintinance of  ambient levels of phospholipids in plasma in fenugreek treated group rats  could be due to the scavenging of free radicals levels and decrease the process of lipid peroxidation by their antioxidant property (Kaviarasan et al.,2004).  

   Sur et al (2001) demonstrated that  pretreatment with a fenugreek extract was found to enhance macrophage cell counts in rats.   When these rats were subsequently inoculated with tumor cells, tumor cell growth was inhibited. Thus combined fenugreek extract administration with DOX may enhance its effectiveness as anti-tumor agent.

      In conclution , although this study must be regarded as provisional because of the modest numbers of animals and modest the duration of exepirement , the result do suggest that it is potentially efficacious to use fenugreek in conjunction with DOX  as a conventional antitumor therapy as it has antioxidant, hypoglycaemic, hypolipidemic and antiatherosclerotic effect (increasing HDL-C) to limit its associated oxidative stress and lipid abnormalities consequently improve DOX –induced cardiotoxicity. Future  clinical studies in this area are   important. 
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التأثير الواقي للحلبة ضد إرتفاع السكر و الكوليستيرول و الأجهاد التأكسدي المستحدث بعقار الديكسوروبوسين  في الفئران

فاتن محمد عمران1  نجوى سيد أحمد2     سهير علي محمد3
أقسام الفارماكولوجى 1 و الكيمياء الحيويه  2والطب الشرعي والسموم3 كليه الطب بسوهاج جامعه سوهاج.
يعتبر الدكسوروبوسين من المضادات الحيويه –من طائفه الأنثراسيكلين- المستخدمه لعلاج العديد من الأورام .و يمثل  إعتلال عضله القلب وقصوره الأحتقاني أهم الأعراض الجانبيه التي تحد كثيراً من إستعمال هذا العقار الفعال منفرداً أو مجتمعاُ مع غيره من الوسائل العلاجيه . و قد أثبتت بعض الأبحاث الحديثه ان الأدويه المضاده للأكسده و المخفضه لدهون الدم تؤدي إلي تحسن مظاهر إعتلال عضله القلب المستحدث بالدكسوروبوسين. كما ان استخدام العديد من الأعشاب و النباتات الطبيه بين الشعوب في الطب التقليدي اصبح بصوره شائعه وذلك للتقليل من الأعراض الجانبيه للأدويه.  لذلك يهدف هذا البحث إلي دراسه تأثير الحلبه كمصدر طبيعي في تقليل الأجهاد التأكسدي و مستوي السكر و الدهون في  الدم المستحدث بالدكسوروبوسين في فئران التجارب.

استخدم في هذا البحث 40 فأراً تتراوح اوزانهم من150-200 جرام. قسمت الفئران إلي أربعه مجموعات بكل مجموعة عشرة ( 10) فئران.

المجموعه الأولي (المجموعه الضابطه) :وقد تم إعطائها محلول ملح 1.5مل \ اليوم لمده سته اسابيع.

المجموعه الثانيه: تم معالجتها بمسحوق الحلبة فقط يومياً عن طريق الفم 200مجم/كجم  لمده سته اسابيع.

المجموعه الثالثه: عولجت بالدكسوروبوسين (2مجم/كجم) جرعه واحده اسبوعيا عن طريق الحقن البريتوني لمده سته اسابيع. 
المجموعه الرابعه: عولجت بالدكسوروبوسين (2مجم/كجم) جرعه واحده اسبوعيا عن طريق الحقن البريتوني بالأضافه إلي إعطائها مسحوق الحلبه يومياُ عن طريق الفم 200مجم/كجم لمده سته اسابيع  . 

أوضحت النتائج ان استخدام مسحوق الحلبه أدي إلي انخفاض ذو دلاله احصائيه  في  مستوي الأكسده الفوقيه للدهون وكذلك  السكر و الكوليستيرول الكلي و كوليستيرول البروتينات الدهنيه منخفضه الكثافه و الجلسريدات الثلاثيه و الدهون الكليه بينما زاد مستوي الجلوتاثيون و كوليستيرول البروتينات الدهنيه عاليه الكثافه زياده ذات دلاله احصائيه  وذلك بالمقارنه بالمجموعه التي عولجت بالدكسوروبوسين فقط و قد لوحظ ان المجموعات التي عولجت بالحلبه فقط لم تؤثر علي مستوي الأكسده الفوقيه للدهون و الجلوتاثيون داخل خلايا القلب او السكرو الدهون في الدم.
نستخلص من هذه الدراسه المعمليه التجريبيه ان تناول الحلبه يكون مفيداُ  لتخفيض الأكسده الفوقيه للدهون وكذلك مستوي السكر و المحتوي الدهني في بلازما الدم و زياده   موانع التأكسد  (الجلوتاثيون) للفئران التي أعطيت الدكسوروبوسين. كمانستنتج ايضاً انه يمكن تقليل الأجهاد التأكسدي و إرتفاع  السكر و الكوليستيرول في الدم المصاحب لأعتلال عضله القلب المستحدث بالدكسوروبوسين وذلك بأستعمال مواد طبيعيه مثل الحلبه . ومن وجه النظر العلاجيه قد تكون الحلبه مرشحاً مفيداً كمرافق اثناء العلاج الكيميائى بالدكسوروبوسين للأقلال من مخاطر الأجهاد التأكسدي و إختلال صوره دهون الدم و بالتالي إعتلال عضله القلب  و ذلك بعد إجراء المزيد من الدراسات الأكلينيكيه لتأكيد هذا التأثير الفعال علي المرضي.

J Nucl Med. 1992 Feb;33(2):208-14.

Detection of abnormal cardiac adrenergic neuron activity in adriamycin-induced cardiomyopathy with iodine-125-metaiodobenzylguanidine.

Abstract

Radiolabeled metaiodobenzylguanidine (MIBG), an analog of norepinephrine (NE), serves as an index of adrenergic neuron integrity and function. Using a rat model of adriamycin-induced cardiomyopathy, we tested the hypothesis that abnormal cardiac adrenergic neuron activity may appear and be exacerbated dose-dependently in adriamycin cardiomyopathy. The degree of vacuolar degeneration of myocardial cells was analyzed in relation to the duration of adriamycin treatment (2 mg/kg, once a week). There were no abnormalities or only isolated degeneration in the 1- or 2-wk treatment groups, isolated or scattered degeneration in half of the 3-wk group, frequent scattered degeneration in the 4-wk group, scattered or focal degeneration in the 5-wk group, and extensive degeneration in the 8-wk group. Myocardial accumulation of [125I]MIBG 4 hr after intravenous injection did not differ between the controls and the groups treated 3 wk or less. However, the 4-wk group had a slightly lower accumulation in the right ventricular wall (82% of the control) and significantly lower accumulation in the left ventricular wall (about 66% of the control: p less than 0.05). In the 5-wk group, MIBG accumulation in the right and left ventricular wall was 35% and 27% of that in controls, respectively (p less than 0.001). In the 8-wk group, MIBG accumulation in the right and left ventricular wall was 18% and 14% of that in controls, respectively (p less than 0.001). Thus, MIBG accumulation in the myocardium decreased in an adriamycin dose-dependent manner. The appearance of impaired cardiac adrenergic neuron activity in the presence of slight myocardial impairment (scattered or focal vacuolar degeneration) indicates that MIBG scintigraphy may be a useful method for detection of adriamycin-induced cardiomyopathy.
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_1309463981.xls
تخطيط6

		TC		TC		TC		TC		TC		TC		TC		8.2		7.8		13.6		11.2



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TC (mg/dl)

164.6

163

281.8

208.4



ورقة1

		Glucose		TG		HDL-C		LDL-C		TC/HDL-C		LDL-C/HDL-C

		173%		71%		-8%		112%		86%		131.30%

		-18.70%		-26%		19%		-36%		-38%		-48%

		Triglyceride		Phospholipid		Total lipid

		46%		25.60%		23.90%

		-18%		-9.00%		-20%

		glucose		TC		HDL-C		LDL-C		Triglyceride		phospholipid		Total lipid

		83.6		164.6		44.4		97.8		113.4		93.8		539.1

		81.5		163		41.3		95.7		110.5		92.3		535.9

		228.3		281.8		40.8		207.8		165.7		117.9		668

		185.4		208.4		48.6		132.7		135.3		106.8		532.8

																																		µ

								TBA-RS		GSH

								203.03		479.17

								197.77		440.19

								259.96		284.57

								161.43		371.18

								TBA-RS

								203.03

								197.77

								259.96

								161.43

								GSH

								479.17

								440.19

								284.57

								371.18





ورقة1

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



DOX

DOX+Fenugreek

% Change



ورقة2

		0		0

		0		0

		0		0



DOX

DOX+Fenugreen

%Change



ورقة3

		0		0		0		0		0		0		0		4.3		3.9		12.5		8.2



control

Fenugreek

DOX

DOX+fenugreek

plasma glucose(mg/dl)



		0		0		0		0		0		0		0		8.2		7.8		13.6		11.2



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TC (mg/dl)



		0		0		0		0		0		0		0		3.1		2.9		3.1		3.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma HDL-C(mg/dl)



		0		0		0		0		0		0		0		5.5		6.3		12.4		6.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma LDL-C



		0		0		0		0		0		0		0		6.8		5.7		8.9		6.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TG(mg/dl)



		0		0		0		0		0		0		0		6.1		6.3		7.8		5.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma phospholipid(mg/dl)



		0		0		0		0		0		0		0		26.3		25.5		28.6		25.5



Control

Fenugreek

DOX

DOX+fenugreek

Plasma total lipid(mg/dl)



		0		0		0		0		0		0		0		11.52		25.77		22.48		26.05



Control

Fenugreek

DOX

DOX+fenugreek

TBA-RS (n mol/gm wet wt.)



		0		0		0		0		0		0		0		40.76		30.9		24.33		16.53



Control

Fenugreek

DOX

DOX+Fenugreek

GSH (ug/gm wet wt.)



		





		






_1309534559.xls
تخطيط3

		LDL-C		LDL-C		LDL-C		LDL-C		LDL-C		LDL-C		LDL-C		5.5		6.3		12.4		6.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma LDL-C(mg/dl)

97.8

95.7

207.8

132.7



ورقة1

		Glucose		TG		HDL-C		LDL-C		TC/HDL-C		LDL-C/HDL-C

		173%		71%		-8%		112%		86%		131.30%

		-18.70%		-26%		19%		-36%		-38%		-48%

		Triglyceride		Phospholipid		Total lipid

		46%		25.60%		23.90%

		-18%		-9.00%		-20%

		glucose		TC		HDL-C		LDL-C		Triglyceride		phospholipid		Total lipid

		83.6		164.6		44.4		97.8		113.4		93.8		539.1

		81.5		163		41.3		95.7		110.5		92.3		535.9

		228.3		281.8		40.8		207.8		165.7		117.9		668

		185.4		208.4		48.6		132.7		135.3		106.8		532.8

																																		µ

								TBA-RS		GSH

								203.03		479.17

								197.77		440.19

								259.96		284.57

								161.43		371.18

								TBA-RS

								203.03

								197.77

								259.96

								161.43

								GSH

								479.17

								440.19

								284.57

								371.18





ورقة1

		Glucose		Glucose

		TG		TG

		HDL-C		HDL-C

		LDL-C		LDL-C

		TC/HDL-C		TC/HDL-C

		LDL-C/HDL-C		LDL-C/HDL-C



DOX

DOX+Fenugreek

% Change

1.73

-0.187

0.71

-0.26

-0.08

0.19

1.124

-0.36

0.86

-0.379

1.313

-0.477



ورقة2

		Triglyceride		Triglyceride

		Phospholipid		Phospholipid

		Total lipid		Total lipid



DOX

DOX+Fenugreen

%Change

0.46

-0.18

0.256

-0.09

0.239

-0.2



ورقة3

		0		0		0		0		0		0		0		4.3		3.9		12.5		8.2



control

Fenugreek

DOX

DOX+fenugreek

plasma glucose(mg/dl)



		0		0		0		0		0		0		0		8.2		7.8		13.6		11.2



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TC (mg/dl)



		0		0		0		0		0		0		0		3.1		2.9		3.1		3.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma HDL-C(mg/dl)



		0		0		0		0		0		0		0		5.5		6.3		12.4		6.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma LDL-C(mg/dl)



		0		0		0		0		0		0		0		6.8		5.7		8.9		6.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TG(mg/dl)



		0		0		0		0		0		0		0		6.1		6.3		7.8		5.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma phospholipid(mg/dl)



		0		0		0		0		0		0		0		26.3		25.5		28.6		25.5



Control

Fenugreek

DOX

DOX+fenugreek

Plasma total lipid(mg/dl)



		0		0		0		0		0		0		0		11.52		25.77		22.48		26.05



Control

Fenugreek

DOX

DOX+fenugreek

TBA-RS (n mol/gm wet wt.)



		0		0		0		0		0		0		0		40.76		30.9		24.33		16.53



Control

Fenugreek

DOX

DOX+Fenugreek

GSH (ug/gm wet wt.)
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تخطيط4

		Glucose		Glucose

		TC		TC

		HDL-C		HDL-C

		LDL-C		LDL-C

		TC/HDL-C		TC/HDL-C

		LDL-C/HDL-C		LDL-C/HDL-C



DOX

DOX+Fenugreek

% Change

1.73

-0.187

0.71

-0.26

-0.08

0.19

1.124

-0.36

0.86

-0.379

1.313

-0.477



ورقة1

		Glucose		TC		HDL-C		LDL-C		TC/HDL-C		LDL-C/HDL-C

		173%		71%		-8%		112%		86%		131.30%

		-18.70%		-26%		19%		-36%		-38%		-48%

		Triglyceride		Phospholipid		Total lipid

		46%		25.60%		23.90%

		-18%		-9.00%		-20%

		glucose		TC		HDL-C		LDL-C		Triglyceride		phospholipid		Total lipid

		83.6		164.6		44.4		97.8		113.4		93.8		539.1

		81.5		163		41.3		95.7		110.5		92.3		535.9

		228.3		281.8		40.8		207.8		165.7		117.9		668

		185.4		208.4		48.6		132.7		135.3		106.8		532.8





ورقة1

		



DOX

DOX+Fenugreek

% Change



ورقة2

		



DOX

DOX+Fenugreen

%Change



ورقة3

		0		0		0		0		0		0		0		4.3		3.9		12.5		8.2



control

Fenugreek

DOX

DOX+fenugreek

plasma glucose(mg/dl)



		0		0		0		0		0		0		0		8.2		7.8		13.6		11.2



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TC (mg/dl)



		0		0		0		0		0		0		0		3.1		2.9		3.1		3.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma HDL-C(mg/dl)



		0		0		0		0		0		0		0		5.5		6.3		12.4		6.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma LDL-C



		0		0		0		0		0		0		0		6.8		5.7		8.9		6.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TG(mg/dl)



		0		0		0		0		0		0		0		6.1		6.3		7.8		5.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma phospholipid(mg/dl)



		0		0		0		0		0		0		0		26.3		25.5		28.6		25.5



Control

Fenugreek

DOX

DOX+fenugreek

Plasma total lipid(mg/dl)
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تخطيط9

		phospholipid		phospholipid		phospholipid		phospholipid		phospholipid		phospholipid		phospholipid		6.1		6.3		7.8		5.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma phospholipid(mg/dl)

93.8

92.3

117.9

106.8



ورقة1

		Glucose		TG		HDL-C		LDL-C		TC/HDL-C		LDL-C/HDL-C

		173%		71%		-8%		112%		86%		131.30%

		-18.70%		-26%		19%		-36%		-38%		-48%

		Triglyceride		Phospholipid		Total lipid

		46%		25.60%		23.90%

		-18%		-9.00%		-20%

		glucose		TC		HDL-C		LDL-C		Triglyceride		phospholipid		Total lipid

		83.6		164.6		44.4		97.8		113.4		93.8		539.1

		81.5		163		41.3		95.7		110.5		92.3		535.9

		228.3		281.8		40.8		207.8		165.7		117.9		668

		185.4		208.4		48.6		132.7		135.3		106.8		532.8

																																		µ

								TBA-RS		GSH

								203.03		479.17

								197.77		440.19

								259.96		284.57

								161.43		371.18

								TBA-RS

								203.03

								197.77

								259.96

								161.43

								GSH

								479.17

								440.19

								284.57

								371.18





ورقة1

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



DOX

DOX+Fenugreek

% Change



ورقة2

		0		0

		0		0

		0		0



DOX

DOX+Fenugreen

%Change



ورقة3

		0		0		0		0		0		0		0		4.3		3.9		12.5		8.2



control

Fenugreek

DOX

DOX+fenugreek

plasma glucose(mg/dl)



		0		0		0		0		0		0		0		8.2		7.8		13.6		11.2



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TC (mg/dl)



		0		0		0		0		0		0		0		3.1		2.9		3.1		3.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma HDL-C(mg/dl)



		0		0		0		0		0		0		0		5.5		6.3		12.4		6.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma LDL-C



		0		0		0		0		0		0		0		6.8		5.7		8.9		6.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TG(mg/dl)



		0		0		0		0		0		0		0		6.1		6.3		7.8		5.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma phospholipid(mg/dl)



		0		0		0		0		0		0		0		26.3		25.5		28.6		25.5



Control

Fenugreek

DOX

DOX+fenugreek

Plasma total lipid(mg/dl)



		0		0		0		0		0		0		0		11.52		25.77		22.48		26.05



Control

Fenugreek

DOX

DOX+fenugreek

TBA-RS (n mol/gm wet wt.)



		0		0		0		0		0		0		0		40.76		30.9		24.33		16.53



Control

Fenugreek

DOX

DOX+Fenugreek

GSH (ug/gm wet wt.)



		





		






_1309465876.xls
تخطيط2

		GSH		GSH		GSH		GSH		GSH		GSH		GSH		40.76		30.9		24.33		16.53



Control

Fenugreek

DOX

DOX+Fenugreek

GSH (ug/gm wet wt.)

479.17

440.19

284.57

371.18



ورقة1

		Glucose		TG		HDL-C		LDL-C		TC/HDL-C		LDL-C/HDL-C

		173%		71%		-8%		112%		86%		131.30%

		-18.70%		-26%		19%		-36%		-38%		-48%

		Triglyceride		Phospholipid		Total lipid

		46%		25.60%		23.90%

		-18%		-9.00%		-20%

		glucose		TC		HDL-C		LDL-C		Triglyceride		phospholipid		Total lipid

		83.6		164.6		44.4		97.8		113.4		93.8		539.1

		81.5		163		41.3		95.7		110.5		92.3		535.9

		228.3		281.8		40.8		207.8		165.7		117.9		668

		185.4		208.4		48.6		132.7		135.3		106.8		532.8

																																		µ

								TBA-RS		GSH

								203.03		479.17

								197.77		440.19

								259.96		284.57

								161.43		371.18

								TBA-RS

								203.03

								197.77

								259.96

								161.43

								GSH

								479.17

								440.19

								284.57

								371.18





ورقة1

		Glucose		Glucose

		TG		TG

		HDL-C		HDL-C

		LDL-C		LDL-C

		TC/HDL-C		TC/HDL-C

		LDL-C/HDL-C		LDL-C/HDL-C



DOX

DOX+Fenugreek

% Change

1.73

-0.187

0.71

-0.26

-0.08

0.19

1.124

-0.36

0.86

-0.379

1.313

-0.477



ورقة2

		Triglyceride		Triglyceride

		Phospholipid		Phospholipid

		Total lipid		Total lipid



DOX

DOX+Fenugreen

%Change

0.46

-0.18

0.256

-0.09

0.239

-0.2



ورقة3

		glucose		glucose		glucose		glucose		glucose		glucose		glucose		4.3		3.9		12.5		8.2



control

Fenugreek

DOX

DOX+fenugreek

plasma glucose(mg/dl)

83.6

81.5

228.3

185.4



		TC		TC		TC		TC		TC		TC		TC		8.2		7.8		13.6		11.2



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TC (mg/dl)

164.6

163

281.8

208.4



		HDL-C		HDL-C		HDL-C		HDL-C		HDL-C		HDL-C		HDL-C		3.1		2.9		3.1		3.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma HDL-C(mg/dl)

44.4

41.3

40.8

48.6



		LDL-C		LDL-C		LDL-C		LDL-C		LDL-C		LDL-C		LDL-C		5.5		6.3		12.4		6.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma LDL-C

97.8

95.7

207.8

132.7



		Triglyceride		Triglyceride		Triglyceride		Triglyceride		Triglyceride		Triglyceride		Triglyceride		6.8		5.7		8.9		6.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TG(mg/dl)

113.4

110.5

165.7

135.3



		phospholipid		phospholipid		phospholipid		phospholipid		phospholipid		phospholipid		phospholipid		6.1		6.3		7.8		5.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma phospholipid(mg/dl)

93.8

92.3

117.9

106.8



		0		0		0		0		0		0		0		26.3		25.5		28.6		25.5



Control

Fenugreek

DOX

DOX+fenugreek

Plasma total lipid(mg/dl)



		0		0		0		0		0		0		0		11.52		25.77		22.48		26.05



Control

Fenugreek

DOX

DOX+fenugreek

TBA-RS (n mol/gm wet wt.)



		0		0		0		0		0		0		0		40.76		30.9		24.33		16.53



Control

Fenugreek

DOX

DOX+Fenugreek

GSH (ug/gm wet wt.)



		





		






_1309464479.xls
تخطيط10

		Total lipid		Total lipid		Total lipid		Total lipid		Total lipid		Total lipid		Total lipid		26.3		25.5		28.6		25.5



Control

Fenugreek

DOX

DOX+fenugreek

Plasma total lipid(mg/dl)

539.1

535.9

668

532.8



ورقة1

		Glucose		TG		HDL-C		LDL-C		TC/HDL-C		LDL-C/HDL-C

		173%		71%		-8%		112%		86%		131.30%

		-18.70%		-26%		19%		-36%		-38%		-48%

		Triglyceride		Phospholipid		Total lipid

		46%		25.60%		23.90%

		-18%		-9.00%		-20%

		glucose		TC		HDL-C		LDL-C		Triglyceride		phospholipid		Total lipid

		83.6		164.6		44.4		97.8		113.4		93.8		539.1

		81.5		163		41.3		95.7		110.5		92.3		535.9

		228.3		281.8		40.8		207.8		165.7		117.9		668

		185.4		208.4		48.6		132.7		135.3		106.8		532.8

																																		µ

								TBA-RS		GSH

								203.03		479.17

								197.77		440.19

								259.96		284.57

								161.43		371.18

								TBA-RS

								203.03

								197.77

								259.96

								161.43

								GSH

								479.17

								440.19

								284.57

								371.18





ورقة1

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



DOX

DOX+Fenugreek

% Change



ورقة2

		0		0

		0		0

		0		0



DOX

DOX+Fenugreen

%Change



ورقة3

		0		0		0		0		0		0		0		4.3		3.9		12.5		8.2



control

Fenugreek

DOX

DOX+fenugreek

plasma glucose(mg/dl)



		0		0		0		0		0		0		0		8.2		7.8		13.6		11.2



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TC (mg/dl)



		0		0		0		0		0		0		0		3.1		2.9		3.1		3.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma HDL-C(mg/dl)



		0		0		0		0		0		0		0		5.5		6.3		12.4		6.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma LDL-C



		0		0		0		0		0		0		0		6.8		5.7		8.9		6.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TG(mg/dl)



		0		0		0		0		0		0		0		6.1		6.3		7.8		5.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma phospholipid(mg/dl)



		0		0		0		0		0		0		0		26.3		25.5		28.6		25.5



Control

Fenugreek

DOX

DOX+fenugreek

Plasma total lipid(mg/dl)



		0		0		0		0		0		0		0		11.52		25.77		22.48		26.05



Control

Fenugreek

DOX

DOX+fenugreek

TBA-RS (n mol/gm wet wt.)



		0		0		0		0		0		0		0		40.76		30.9		24.33		16.53



Control

Fenugreek

DOX

DOX+Fenugreek

GSH (ug/gm wet wt.)



		





		






_1309464217.xls
تخطيط8

		Triglyceride		Triglyceride		Triglyceride		Triglyceride		Triglyceride		Triglyceride		Triglyceride		6.8		5.7		8.9		6.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TG(mg/dl)

113.4

110.5

165.7

135.3



ورقة1

		Glucose		TG		HDL-C		LDL-C		TC/HDL-C		LDL-C/HDL-C

		173%		71%		-8%		112%		86%		131.30%

		-18.70%		-26%		19%		-36%		-38%		-48%

		Triglyceride		Phospholipid		Total lipid

		46%		25.60%		23.90%

		-18%		-9.00%		-20%

		glucose		TC		HDL-C		LDL-C		Triglyceride		phospholipid		Total lipid

		83.6		164.6		44.4		97.8		113.4		93.8		539.1

		81.5		163		41.3		95.7		110.5		92.3		535.9

		228.3		281.8		40.8		207.8		165.7		117.9		668

		185.4		208.4		48.6		132.7		135.3		106.8		532.8

																																		µ

								TBA-RS		GSH

								203.03		479.17

								197.77		440.19

								259.96		284.57

								161.43		371.18

								TBA-RS

								203.03

								197.77

								259.96

								161.43

								GSH

								479.17

								440.19

								284.57

								371.18





ورقة1

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



DOX

DOX+Fenugreek

% Change



ورقة2

		0		0

		0		0

		0		0



DOX

DOX+Fenugreen

%Change



ورقة3

		0		0		0		0		0		0		0		4.3		3.9		12.5		8.2



control

Fenugreek

DOX

DOX+fenugreek

plasma glucose(mg/dl)



		0		0		0		0		0		0		0		8.2		7.8		13.6		11.2



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TC (mg/dl)



		0		0		0		0		0		0		0		3.1		2.9		3.1		3.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma HDL-C(mg/dl)



		0		0		0		0		0		0		0		5.5		6.3		12.4		6.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma LDL-C



		0		0		0		0		0		0		0		6.8		5.7		8.9		6.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TG(mg/dl)



		0		0		0		0		0		0		0		6.1		6.3		7.8		5.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma phospholipid(mg/dl)



		0		0		0		0		0		0		0		26.3		25.5		28.6		25.5



Control

Fenugreek

DOX

DOX+fenugreek

Plasma total lipid(mg/dl)



		0		0		0		0		0		0		0		11.52		25.77		22.48		26.05



Control

Fenugreek

DOX

DOX+fenugreek

TBA-RS (n mol/gm wet wt.)



		0		0		0		0		0		0		0		40.76		30.9		24.33		16.53



Control

Fenugreek

DOX

DOX+Fenugreek

GSH (ug/gm wet wt.)



		





		






_1309463662.xls
تخطيط4

		glucose		glucose		glucose		glucose		glucose		glucose		glucose		4.3		3.9		12.5		8.2



control

Fenugreek

DOX

DOX+fenugreek

plasma glucose(mg/dl)

83.6

81.5

228.3

185.4



ورقة1

		Glucose		TG		HDL-C		LDL-C		TC/HDL-C		LDL-C/HDL-C

		173%		71%		-8%		112%		86%		131.30%

		-18.70%		-26%		19%		-36%		-38%		-48%

		Triglyceride		Phospholipid		Total lipid

		46%		25.60%		23.90%

		-18%		-9.00%		-20%

		glucose		TC		HDL-C		LDL-C		Triglyceride		phospholipid		Total lipid

		83.6		164.6		44.4		97.8		113.4		93.8		539.1

		81.5		163		41.3		95.7		110.5		92.3		535.9

		228.3		281.8		40.8		207.8		165.7		117.9		668

		185.4		208.4		48.6		132.7		135.3		106.8		532.8

																																		µ

								TBA-RS		GSH

								203.03		479.17

								197.77		440.19

								259.96		284.57

								161.43		371.18

								TBA-RS

								203.03

								197.77

								259.96

								161.43

								GSH

								479.17

								440.19

								284.57

								371.18





ورقة1

		Glucose		Glucose

		TG		TG

		HDL-C		HDL-C

		LDL-C		LDL-C

		TC/HDL-C		TC/HDL-C

		LDL-C/HDL-C		LDL-C/HDL-C



DOX

DOX+Fenugreek

% Change

1.73

-0.187

0.71

-0.26

-0.08

0.19

1.124

-0.36

0.86

-0.379

1.313

-0.477



ورقة2

		0		0

		0		0

		0		0



DOX

DOX+Fenugreen

%Change



ورقة3

		0		0		0		0		0		0		0		4.3		3.9		12.5		8.2



control

Fenugreek

DOX

DOX+fenugreek

plasma glucose(mg/dl)



		0		0		0		0		0		0		0		8.2		7.8		13.6		11.2



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TC (mg/dl)



		0		0		0		0		0		0		0		3.1		2.9		3.1		3.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma HDL-C(mg/dl)



		0		0		0		0		0		0		0		5.5		6.3		12.4		6.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma LDL-C



		0		0		0		0		0		0		0		6.8		5.7		8.9		6.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TG(mg/dl)



		0		0		0		0		0		0		0		6.1		6.3		7.8		5.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma phospholipid(mg/dl)



		0		0		0		0		0		0		0		26.3		25.5		28.6		25.5



Control

Fenugreek

DOX

DOX+fenugreek

Plasma total lipid(mg/dl)



		0		0		0		0		0		0		0		11.52		25.77		22.48		26.05



Control

Fenugreek

DOX

DOX+fenugreek

TBA-RS (n mol/gm wet wt.)



		0		0		0		0		0		0		0		40.76		30.9		24.33		16.53



Control

Fenugreek

DOX

DOX+Fenugreek

GSH (ug/gm wet wt.)



		





		






_1309463888.xls
تخطيط5

		HDL-C		HDL-C		HDL-C		HDL-C		HDL-C		HDL-C		HDL-C		3.1		2.9		3.1		3.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma HDL-C(mg/dl)

44.4

41.3

40.8

48.6



ورقة1

		Glucose		TG		HDL-C		LDL-C		TC/HDL-C		LDL-C/HDL-C

		173%		71%		-8%		112%		86%		131.30%

		-18.70%		-26%		19%		-36%		-38%		-48%

		Triglyceride		Phospholipid		Total lipid

		46%		25.60%		23.90%

		-18%		-9.00%		-20%

		glucose		TC		HDL-C		LDL-C		Triglyceride		phospholipid		Total lipid

		83.6		164.6		44.4		97.8		113.4		93.8		539.1

		81.5		163		41.3		95.7		110.5		92.3		535.9

		228.3		281.8		40.8		207.8		165.7		117.9		668

		185.4		208.4		48.6		132.7		135.3		106.8		532.8

																																		µ

								TBA-RS		GSH

								203.03		479.17

								197.77		440.19

								259.96		284.57

								161.43		371.18

								TBA-RS

								203.03

								197.77

								259.96

								161.43

								GSH

								479.17

								440.19

								284.57

								371.18





ورقة1

		Glucose		Glucose

		TG		TG

		HDL-C		HDL-C

		LDL-C		LDL-C

		TC/HDL-C		TC/HDL-C

		LDL-C/HDL-C		LDL-C/HDL-C



DOX

DOX+Fenugreek

% Change

1.73

-0.187

0.71

-0.26

-0.08

0.19

1.124

-0.36

0.86

-0.379

1.313

-0.477



ورقة2

		0		0

		0		0

		0		0



DOX

DOX+Fenugreen

%Change



ورقة3

		0		0		0		0		0		0		0		4.3		3.9		12.5		8.2



control

Fenugreek

DOX

DOX+fenugreek

plasma glucose(mg/dl)



		0		0		0		0		0		0		0		8.2		7.8		13.6		11.2



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TC (mg/dl)



		0		0		0		0		0		0		0		3.1		2.9		3.1		3.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma HDL-C(mg/dl)



		0		0		0		0		0		0		0		5.5		6.3		12.4		6.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma LDL-C



		0		0		0		0		0		0		0		6.8		5.7		8.9		6.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TG(mg/dl)



		0		0		0		0		0		0		0		6.1		6.3		7.8		5.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma phospholipid(mg/dl)



		0		0		0		0		0		0		0		26.3		25.5		28.6		25.5



Control

Fenugreek

DOX

DOX+fenugreek

Plasma total lipid(mg/dl)



		0		0		0		0		0		0		0		11.52		25.77		22.48		26.05



Control

Fenugreek

DOX

DOX+fenugreek

TBA-RS (n mol/gm wet wt.)



		0		0		0		0		0		0		0		40.76		30.9		24.33		16.53



Control

Fenugreek

DOX

DOX+Fenugreek

GSH (ug/gm wet wt.)



		





		






_1309463312.xls
تخطيط3

		TBA-RS		TBA-RS		TBA-RS		TBA-RS		TBA-RS		TBA-RS		TBA-RS		11.52		25.77		22.48		26.05



Control

Fenugreek

DOX

DOX+fenugreek

TBA-RS (n mol/gm wet wt.)

203.03

197.77

259.96

161.43



ورقة1

		Glucose		TG		HDL-C		LDL-C		TC/HDL-C		LDL-C/HDL-C

		173%		71%		-8%		112%		86%		131.30%

		-18.70%		-26%		19%		-36%		-38%		-48%

		Triglyceride		Phospholipid		Total lipid

		46%		25.60%		23.90%

		-18%		-9.00%		-20%

		glucose		TC		HDL-C		LDL-C		Triglyceride		phospholipid		Total lipid

		83.6		164.6		44.4		97.8		113.4		93.8		539.1

		81.5		163		41.3		95.7		110.5		92.3		535.9

		228.3		281.8		40.8		207.8		165.7		117.9		668

		185.4		208.4		48.6		132.7		135.3		106.8		532.8

																																		µ

								TBA-RS		GSH

								203.03		479.17

								197.77		440.19

								259.96		284.57

								161.43		371.18

								TBA-RS

								203.03

								197.77

								259.96

								161.43

								GSH

								479.17

								440.19

								284.57

								371.18





ورقة1

		Glucose		Glucose

		TG		TG

		HDL-C		HDL-C

		LDL-C		LDL-C

		TC/HDL-C		TC/HDL-C

		LDL-C/HDL-C		LDL-C/HDL-C



DOX

DOX+Fenugreek

% Change

1.73

-0.187

0.71

-0.26

-0.08

0.19

1.124

-0.36

0.86

-0.379

1.313

-0.477



ورقة2

		Triglyceride		Triglyceride

		Phospholipid		Phospholipid

		Total lipid		Total lipid



DOX

DOX+Fenugreen

%Change

0.46

-0.18

0.256

-0.09

0.239

-0.2



ورقة3

		glucose		glucose		glucose		glucose		glucose		glucose		glucose		4.3		3.9		12.5		8.2



control

Fenugreek

DOX

DOX+fenugreek

plasma glucose(mg/dl)

83.6

81.5

228.3

185.4



		TC		TC		TC		TC		TC		TC		TC		8.2		7.8		13.6		11.2



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TC (mg/dl)

164.6

163

281.8

208.4



		HDL-C		HDL-C		HDL-C		HDL-C		HDL-C		HDL-C		HDL-C		3.1		2.9		3.1		3.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma HDL-C(mg/dl)

44.4

41.3

40.8

48.6



		LDL-C		LDL-C		LDL-C		LDL-C		LDL-C		LDL-C		LDL-C		5.5		6.3		12.4		6.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma LDL-C

97.8

95.7

207.8

132.7



		Triglyceride		Triglyceride		Triglyceride		Triglyceride		Triglyceride		Triglyceride		Triglyceride		6.8		5.7		8.9		6.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TG(mg/dl)

113.4

110.5

165.7

135.3



		phospholipid		phospholipid		phospholipid		phospholipid		phospholipid		phospholipid		phospholipid		6.1		6.3		7.8		5.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma phospholipid(mg/dl)

93.8

92.3

117.9

106.8



		0		0		0		0		0		0		0		26.3		25.5		28.6		25.5



Control

Fenugreek

DOX

DOX+fenugreek

Plasma total lipid(mg/dl)



		0		0		0		0		0		0		0		11.52		25.77		22.48		26.05



Control

Fenugreek

DOX

DOX+fenugreek

TBA-RS (n mol/gm wet wt.)



		0		0		0		0		0		0		0		40.76		30.9		24.33		16.53



Control

Fenugreek

DOX

DOX+Fenugreek

GSH (ug/gm wet wt.)



		





		






_1307873364.xls
تخطيط5

		Triglyceride		Triglyceride

		Phospholipid		Phospholipid

		Total lipid		Total lipid



DOX

DOX+Fenugreen

%Change

0.46

-0.18

0.256

-0.09

0.239

-0.2



ورقة1

		Glucose		TG		HDL-C		LDL-C		TC/HDL-C		LDL-C/HDL-C

		173%		71%		-8%		112%		86%		131.30%

		-18.70%		-26%		19%		-36%		-38%		-48%

		Triglyceride		Phospholipid		Total lipid

		46%		25.60%		23.90%

		-18%		-9.00%		-20%

		glucose		TC		HDL-C		LDL-C		Triglyceride		phospholipid		Total lipid

		83.6		164.6		44.4		97.8		113.4		93.8		539.1

		81.5		163		41.3		95.7		110.5		92.3		535.9

		228.3		281.8		40.8		207.8		165.7		117.9		668

		185.4		208.4		48.6		132.7		135.3		106.8		532.8





ورقة1

		



DOX

DOX+Fenugreek

% Change



ورقة2

		



DOX

DOX+Fenugreen

%Change



ورقة3

																4.3		3.9		12.5		8.2



control

Fenugreek

DOX

DOX+fenugreek

plasma glucose(mg/dl)



																8.2		7.8		13.6		11.2



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TC (mg/dl)



																3.1		2.9		3.1		3.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma HDL-C(mg/dl)



																5.5		6.3		12.4		6.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma LDL-C



																6.8		5.7		8.9		6.8



Control

Fenugreek

DOX

DOX+fenugreek

Plasma TG(mg/dl)



																6.1		6.3		7.8		5.6



Control

Fenugreek

DOX

DOX+fenugreek

Plasma phospholipid(mg/dl)



																26.3		25.5		28.6		25.5



Control

Fenugreek

DOX

DOX+fenugreek

Plasma total lipid(mg/dl)



		





		






