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ABSTRACT 
 

Many herbal medicines have been recommended for the treatment of diabetes. The purpose of this study 
was to determine the mechanism underlying the hypoglycemic activity of the aqueous extract perfusion of 
Lepidium sativum L. (LS), lupin and fenugreek or their mixture in streptozotocin-induced diabetic rats. Oral 
administration of aqueous LS, lupin, and fenugreek extract (50mg /kg body weight), and their mixture [37.5 mg 
LS + 12.5 mg lupine / Kg BW (3:1 w/w) and 25mg LS + 25 mg lupine / Kg BW (1:1 w/w), and 12.5 mg LS + 
37.5 mg lupine / Kg BW (1:3 w/w), and 37.5 mg LS + 6.25 mg lupine +6.25 mg fenugreek / Kg BW (3:0.5:0.5 
w/w/w)] for 60 days on the level of serum glucose, insulin, total cholesterol, triacylglycerol, urea, uric acid, 
creatinine, aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase (ALP)  
in normal (negative control) and streptozotocin- induced diabetic rats were evaluated. All treatment alleviated 
body weight loss in diabetic rats. Also, administrations of the extract significantly decreased serum glucose, 
total cholesterol, triacylglycerol, urea, uric acid, creatinine, AST, ALT and ALP levels, whereas it increased 
serum insulin in these rats. Furthermore, the content of malondialdehyde (MDA), and catalase and superoxide 
dismutase (SOD) in serum decreased significantly after oral administration of the LS, lupin, fenugreek and their 
mixture extract, compared with those of diabetic rats in positive control. The phenolic and flavonoid fractions 
were investigated in the seeds and aqueous extracts. These results showed that the aqueous extract of the LS, 
lupin, and fenugreek seeds had a significant hypoglycemic effect and antioxidant activity in diabetic rats, 
whether this is partly due to the presence of flavonoids in the extract needs further study. Finally the best effect 
of treatment was aqueous LS extract; group 3, mixture of LS & lupine (3:1 w/w); group 6 and LS +lupine + 
fenugreek (3:0.5:0.5 w/w/w); group 9. Additionally, histopathological examination showed that Lepidium 
sativum markedly ameliorated pancreas necrosis of STZ-induced diabetic rats. It is concluded that the plant 
should be considered as an excellent candidate for future studies on diabetes mellitus. 
 
Key words: aqueous extract- hypoglycaemic effect-  Lepidium sativum L- lupin- fenugreek- insulin- glucose-  
                    streptozotocin- rats. 
 
Introduction 

 
Diabetes mellitus (DM) is a complex metabolic disorder that is increasing tremendously all over the world. 

It is expected that to increase to be more than 300 million by the year 2025 (King et al., 1998). Currently, 
available therapeutic options for the treatment of DM include dietary modification, the use of insulin or oral 
hypoglycemic drugs (sulfonylureas, biguanides and thiazlidinedineiones) and other current drugs, which are 
valuable in the treatment of type 2 diabetes mellitus. However, their use is restricted by cost, limited 
pharmacokinetic properties, secondary rates and accompanying side-effects (Krentz & Bailey, 2005). Moreover, 
these therapies only partially compensate for metabolic derangements seen in diabetes and do not correct the 
fundamental biochemical lesion (Taylor & Agius, 1988). Natural products have been a source of medicinal 
treatment for thousands of years, and plant –based systems continue to play an essential role in the primary 
health care of approximately 80% of the world’s underdeveloped and developing countries (King et al., 1998). 
In any form of management of diabetes with insulin or drug, diet is a common factor. With respect to diet, plants 
and foods of medicinal value have proved to be very useful and are in wide usage as they combine two basic 
central factors: food and medication (Grower et al., 2005).  

Plants still remain a major source for drugs discovery in spite of the great development of industrial 
synthetic molecules. Consequently, the use traditional plant extract in the treatment of various diseases have 
been flourished (Fabricant & Farnsworth, 2001). According to the World Health Organization (WHO), over 
than 150 plants are known to be used for the treatment of DM and the study of hypoglycemic plants is then 
encouraged (Marles & Farnsworth, 1995). 
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Garden cress, Lepidium sativum, (LS) locally known as ‘hab arachad’ belonging to the family Brassicaceae 
where LS is largely recommended by traditional herbal healers as phytotherapy for hypertension, diabetes 
control, renal disease (Eddouks et al., 2002). The seeds are consumed in salad and as spice (Maier et al., 1998). 
The seeds contain volatile essential aromatic oils, active principle components, carbohydrate, protein, fatty acid, 
Vitamin: β-carotene, riboflavin, niacin, ascorbic acid, flavonoids, and Isothiocynates glycoside (Yogesh  et al., 
2011).  

Previous studies (Fekadu et al., 2003) have been demonstrated the protective action of LS against 
carcinogenic compounds and growth inhibition of pseudomonas aeruuginosa, a bacteria strain with a potent 
antibiotic resistance (Aburjai et al., 2001). As far as the hypoglycemic activity of LS is concerned, it was 
previously demonstrated that the aqueous LS extract exhibited a hypoglycemic activity in diabetic rats (Eddouks 
et al., 2005). However, the mechanism underlying this pharmacological effect is still to be determined (Eddouks 
& Maghrani 2008). 

In the near future, LS could be leading in discovering novel drug which will be useful in treatment of drug-
induced nephrotoxicity (Nilesh et al., 2010). 

 Lupins have been used as traditional human food and animal feed ancient times.  White lupin (L. albus 
L.) has been cultivated in Egypt for at least 4000 years (Gajzago 2009). 

The early lupins were considered “bitter”, because the alkaloid (lupanine, sparteine, spatulatine and 
hydroxylupanine) content could exceed 2% (Matthews, 1989).  

Early in the twentieth century breeders developed “sweet” lupin in Germany, making this crop potentially 
much more desirable. The sweet lupins also contain alkaloids which could be successfully removed by boiling 
and steeping the seeds in water.   

Three main lupin species have been used for human food and animal feeds. The white lupin (L. albus), the 
yellow lupine (L. luteus L.) and the blue lupine (L angustifolius L.), which have significant nutritional value.  

Some lupine species have been used as natural remedy for the treatment of diabetes (Gurrola-Diaz et al., 
2008). At present, more than 150 different quinolizidine alkaloids (QAS) have been described for the genus 
Lupinus, including the sweet lupins (alkaloid poor varieties), and other wild species (alkaloid rich varieties), and 
function as chemical defense against depredators (natural enemies). Lupanine and spartenine are the main QAS 
present in many lupin species from the old and new world (Wink et al., 1995).  

Total phenolic compounds, phenolic acids and flavonoid contents and antioxidant activities were measured 
in extracts from seeds of lupinus albus, Lupinus luteus and lupinus angustifolius cultivars by Siger et al., (2012). 
The total phenolic compound content varied from 491.51 to 731.14mg/100g d.m. for cvs. Buttan (L. albus) and 
parys (L. luteus), respectively. Also they cited a positive correlation between the content of the analyzed 
compounds and their antioxidant activity. 

Several studies have demonstrated the biological activity of these compounds, more in particular their 
hypoglycemic activity. Sparteine has been shown to induce hypoglycemia when administered to Type 2 diabetic 
subjects (Paolisso et al., 1988). Inaddition, lupanine and its derivatives enhanced glucose-induced insulin 
secretion in vitro conditions (Garcia Lopez et al., 2004). The most action mechanism for the hypoglycemic 
activity of the QAS is similar to that of sulphonylureas (Pereira et al., 2001 & Garcia Lopez et al., 2004). 
Besides, multiflorine, another lupin alkaloid, and its derivatives exert hypoglycemic activity in normal and 
streptozotocin induced diabetes mice (Kubo et al., 2000 & Kubo et al., 2006).   

Trigoilla foenum-gracum (Fenugreek) belongs to the Leguminosae family and is native to the area from the 
Eastern Mediterranean to Central Asia and Ethiopia and is much cultivated in India, Pakistan and China (Morton 
1990). Its seeds have a long history of medical uses in Ayurvdic and Chinese medicin, and have been used for 
numerous indications, including labour induction, indigestion and as a general tonic to improve metabolic and 
health (Basch et al., 2003). In Egypt, the seeds of fenugreek are commonly consumed by people suffering from 
diabetes (Mohamed et al., 2005).  

The hypoglycemic effect of Fenugreek seeds has been studied in many animal model systems (Raju et al., 
2001), as well as in humans in IDDM patients (Sharma et al., 1990) and NIDDM patient (Sharma et al., 1996). 
In addition, Fenugreek seeds have been shown to possess hypocholesterolemic effect (Yadav et al.,2004), 
antioxidant property (Kaviarasan et al., 2004) and can be valuable candidate in the treatment and/or prevention 
of diabetes complication. Recently, Fenugreek seeds have been reported to protect diabetic rat kidney against 
histopathological abnormalities (Thakran et al., 2004)   

The hypoglycemic property of fenugreek was observed in alloxan-induced diabetic rats and diabetic 
patients (Sharma, 1986). It was shown to decrease the blood glucose level in normal rats as well as in non–
insulin-dependent DM patients (Madar et al., 1988). However, very little is known about its cellular and 
biochemical mechanisms of the hypoglycemic or antihyperglycemic effects. It has been shown that the plant 
(whole seed powder added to the diet) favorably affected glycolytic, gluconeogenic, and lipogenic enzymes to 
restore glucose homeostasis in alloxan-induced diabetic rats (Raju et al., 2001).  

The present study was carried out in order to evaluate the hypoglycemic activity of aqueous extracts obtain 
from LS, fenugreek, lupine, and their mixture in streptozotocin (STZ)-induced diabetic rat. 
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Materials And Methods 
 
2.1. Materials: 
 
2.1. 1. Plant material:  

 
Garden cress (Lepidium sativum), Fenugreek (Trigoilla foenum-gracum), and lupine (Lupinus albus) were 

purchased from Haraz certified herbal store, Cairo, Egypt. The seeds were shade dried and then powdered in 
grinder. 
 
2.1. 2. Drugs: 

 
Streptozotocin drug was purchased from Sigma Chemical Co (St.Louis Mo), USA. All the analytical kits 

were obtained from Randox Laboratories Ltd, Daiamond Road Crumlin, Co, Antrim, United Kingdom, 
BT294QY. The insulin kit was obtained from Biosorce Europe SA,B-1400 Nivelles, Belgium. 
 
2.1.3. Animals: 

 
Fifty four young male albino rats, average weight 1655 g were obtained and housed in the Ophthalmology 

Research Institute, Giza, Egypt. The rats were kept under normal health laboratory conditions and fed on basal 
diet for one week. Water and basal diet were provided ad libitum 60 days. According to Preston et al., (1991), 
basal diet is composed of following items (as percentage weight of diet): Casein 10%, cellulose 5%, corn oil 10 
%, salt mixture 4%, vitamin 1% and corn starch 70%.  

 
2.2. Methods: 
 
2.2.1. Preparation of extract: 

 
Plant material was prepared according to the traditional method used in Egypt as follows: 3g of powdered 

seeds mixed with 150ml distilled water were boiled for 10 min and then cooled for 15 min. Thereafter, the 
aqueous extract was filtered to remove particulate matter. The aqueous extracts were prepared daily just before 
administration. The extracts dose for LS, lupine, Fenugreek seeds and their mixtures were adjusted to be equal 
50mg/kg body weight daily by stomach tube (Chaetterjee et al., 2012). 

 
2.2.2. Determination of phenolic and flavonoid component: 

 
Phenolic and flavonoids concentrations of LS, Fenugreek, lupine and their mixture extracts were 

determined by the method described Yuan and Chen (1999) and Li and chase (2009), respectively. High 
Performance Liquid Chromatography (HPLC) was used for determination. Chromatographic equipment: HPLC-
HEWLETT-PACKARD (series 1050). Ultra Vilote detector (HP series 1050) set at 254nm, Hypersile ODS 
(4.0×250mm), column temperature 35oC, methanol and acetic acid pH 3.5 (75:25 v/v) as a mobile phase with 
flow rate 1.0 ml/min, was used for the fractionation of phenolic compounds. Moreover, Hypersile ODS 
(4.0×250mm), column temperature 25oC, The linear gradient elution profile started  with  water-acetonitrile 
(A; 75 : 15) and ended with water-acetonitrile (B; 50 : 50) within 30 min as the flow rate 1 ml/min. All 
chromatograms were plotted at 205 nm for the fractionation of flavonoids compounds. 

 
2.2.3. Induction of diabetes: 

 
After the adaptation period, the diabetes disease was induced by Streptozotocin (STZ). The animals were 

fasted overnight and diabetes was induced by a single intra peritoneal injection of a freshly prepared solution of 
STZ (50 mg/kg bw) in 0.1 M citrate buffer (pH 4.5), (Lutz and Pardridge, 1993). Nigative control rats group 
were injected with citrate buffer alone. On the third day of STZ-injection, the rats were fasted for 6 h and blood 
was taken by sin ocular puncture. Rats with moderate diabetes having hyperglycemia (that is, with blood 
glucose of 250–400 mg/dl) were taken for the experiment. The rats were kept for 15 days to stabilize the 
diabetic condition (Jyoti et al., 2002). 

 
2.2.4. The experimental design:  

 
The rats were weighed and randomly divided into 9 groups each of 6 rats and fed on the basal diet. The first 

group which kept as normal named negative control (N. control) and fed on standard diet only. Rats from group 
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2 to group 9 were used as diabetic rats fed on basal diet. Group two (G2) served as an untreated, positive control 
(P. control). The rest of rats was classified into 7 groups administrated with different concentrations of LS, 
fenugreek, lupine, and their mixture aqueous extracts by stomach tube. Rats of G3, G4 and G5 were orally 
administrated with 50 mg LS/kg BW, 50mg fenugreek/kg BW, and 50mg lupine /kg BW, respectively. Rats of 
G6, G7, and G8 were administrated with 37.5 mg LS / Kg BW + 12.5 mg lupine / Kg BW (3:1 w/w) and 25mg 
LS / Kg BW + 25 mg lupine / Kg BW (1:1 w/w), and 12.5 mg LS / Kg BW + 37.5 mg lupine / Kg BW (1:3 
w/w), respectively. However, G9 was administrated with 37.5 mg LS / Kg BW + 6.25 mg lupine / Kg BW +6.25 
mg fenugreek / Kg BW (3:0.5:0.5 w/w/w). 
 
2.2.5. Growth of rats:  

 
At the end of the experimental period, rats were weighed and killed by diethyl ether. The carcasses were 

dissected. Pancreas was cut off, washed in saline solution and weighed. The relative pancreas weight percentage 
were calculated as follows (Weight of pancreas / total body weight x 100).  

  
2.2.6. Biochemical parameters assays: 

 
At the end of the experimental period, rats were weighed, killed by diethyl ether and their organs were 

weighed. Blood samples were collected from the animal’s eye plexuses. Each sample was collected into a free 
coagulation dry clean centrifuge glass tube to prepare serum. Blood samples were left for 15 min. at room 
temperature, then the tubes were centrifuged for 15 min. at 3000 rpm and the clean supernatant serum samples 
were kept frozen at -20 ºC until analysis. Serum glucose and insulin were determined according to (Trinder, 
1969 and Temple et al., 1992). 

Serum total cholesterol, HDL-cholesterol, LDL-cholesterol and triglycerides were determined by using the 
methods described by Wastson (1960), Assmann (1979) Wieland & Seidel (1983) and Fossati & Prencipe 
(1982)  

Alanine aminotransferase (ALT; EC 2.6.1.2) and aspartate aminotransferase (AST; EC 2.6.1.1) activities 
were assayed by the method of Bergmeyer and Harder (1986). Alkaline phosphatase (ALP; EC 3.1.3.1) activity 
was measured at 405 nm by the formation of paranitrophenol from para-nitrophenylphosphate as a substrate 
using the method of Varley et al. (1980). Gamma -GT was measured according to the method described by 
Szasz (1969). 

Creatinine, urea and uric acid were determined by using the methods described by Larsen (1972), Patton 
and Crouch (1977) and Caraway (1955). 

The activity of superoxide dismutase (SOD), catalase (CAT), lipid peroxidation level 
(Malondialdehyde,MDA) and hydrogen peroxidase of rats serum were estimated according to Marklund  & 
Marklund  (1974), Luck (1971), Meltzer et al. (1997) and Lacy et al. (1998). 

 
2.2.7. Histopathological examination: 

 
Sample from the pancreas was collected from rats in all groups at the end experiments (60 days), fixed in 

10% neutral buffered formalin, dehydrated in alcohol, cleared in xylol and embedded in paraffin. 4 thick 
sections were prepared and stained with Hematoxylene and Eosin (Yooon et al., 2001).  
 
2.2.7. Statistical analysis: 

 
The resulted data were subjected to statistical analysis using the standard analysis of variance as outlined by 

Snedrecor and Cochran (1980) and the differences among means of diet effects were tested for the least 
significance difference value (LSD) at 0.05 probabilities by using Duncan’s multiple range tests by SAS (1987) 
program.   
 
Results: 
 
3.1. Phenolic and flavonoids compounds identification: 

 
The results of phenolic and flavonoids compounds identification are shown in Figs (1: 4).  
Figure (1 and 2) show thirteen mainly peaks of phenolic compounds which were determined quantitatively. 

The peaks were assigned to p-benzoic, pyrogallol, gallic, catechol, dihydroxy benzoic, chlorogenic. catechin, 
vanillic, caffien, 4 hydroxy- isoleucine, coumaric, and salycilic acids. It could be seen from the results that 4 
hydroxy- isoleucine showed the highest amounts (227.75 & 188.29) mg/ 100g for LS and fenugreek seed, 
respectively, which are equivalent to (9.14 & 4.33) mg/ 100ml LS and fenugreek extracts, respectively. 
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However catechin showed the highest amount, which recorded 25.12 mg/100g for lupine seeds equivalent to 
3.16 mg/ 100ml lupine extract.   

 

 
 
Fig. 1: Phenolic compounds identification in LS, fenugreek and lupine seeds  

 

 
 

A: aqueous extracts of LS B: aqueous extracts of lupine C: aqueous extracts of fenugreek 
D: aqueous extracts of LS and 
lupine  (3:1) 

E: aqueous extracts of LS + 
lupine (1:1) 

F: aqueous extracts of LS + 
lupine (1:3) 

G: aqueous extracts of LS+ lupine+ fenugreek (3:05:0.5) 
 
Fig. 2: Phenolic compounds identification in aqueous extracts of LS, fenugreek and lupine  

  
Figures (3 and 4) illustrate the profile of flavonoid compounds for the treatments. Hesperdin is considered 

the main compound of flavones (379.05) mg/100g lupin. Rutin, quercetrin, kampferol, rosmarenic and apegnin 
were found in the different extract and there was a fair difference in their amounts. Hesperdin showed the 
highest concentration in flavonoid compounds, while apegnin recorded the lowest concentration. 
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Fig. 3: Flavonoids compounds identification in LS, fenugreek and lupine seeds 

 

 
A: aqueous extracts of LS B: aqueous extracts of lupine C: aqueous extracts of fenugreek 
D: aqueous extracts of LS and 
lupine  (3:1) 

E: aqueous extracts of LS + 
lupine (1:1) 

F: aqueous extracts of LS + 
lupine (1:3) 

G: aqueous extracts of LS+ lupine+ fenugreek (3:05:0.5) 
 
Fig. 4: Flavonoids compounds identification in aqueous extracts of LS, fenugreek and lupine  

 
3.2. Body weight gain, weight of pancreas and relative pancreas weight: 

 
Percentage of body weight gain, weight of pancreas and its relative weight of investigated rats were 

summarized in Table 1. No significant difference (P ≤ 0.05) was observed between percentage of body weight 
gain for all studied groups except G2 and G9 groups. A marked body weight reduction was observed in P. 
control (G2) after 60 days of treatment. In G9, the treatment with a mixture of LS, Lupine and fenugreek 
extracts (3:0.5:0.5) caused a slight elevation in body weight compared to N. control. Meanwhile, all extracts 
administrated in groups (G3, G4, G5, G6, G7, and G8) were able to improve the weight loss induced by diabetes 
to 41.60%, 54.50%, 44.86%, 53.51%, 51.25%,and 62.12%, respectively. Remarkably enlarged pancreases were 
obtained in STZ rats (G2). All extracts decreased the high pancreases weight to body weight ratio of STZ-
diabetic rats except G6 and G9 where the ratio was the nearest to N. control group, (Table 1).  
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Table 1: The effect of administration LS, lupine, fenugreek extracts and their mixture for 60 days on the percentage of gain body weight, 
weight of pancreas and relative pancreas weight in STZ- diabetic rat  

Rat group Daily intake  
(mg/kg BW) 

Gain weight (%) Pancreas weight (g) Relative 
Pancreas weight 

G1 N. Control  25.19±1.54bcd 0.205±0.003e 0.104±0.001e 

G2 P. Control  12.73±0.35e 0.400±0.003a 0.216±0.002a 

G3 50 LS  extract  23.21±0.46d 0.230±0.008d 0.115±0.005d 

G4 50 Lupine extract 25.15±0.35bcd 0.273±0.005b 0.132±0.003bc 

G5 50 Fenugreek  extract 24.03±0.88cd 0.285±0.006b 0.141±0.003b 

G6 37.5 LS + 12.5 Lupine 
extracts  

26.21±0.38abc 0.208±0.005b 0.100±0.003e 

G7 25  LS + 25 Lupine 
extracts  

25.72±0.90abcd 0.255±0.003e 0.124±0.001c 

G8 12.5 LS + 37.5 Lupine 
extracts  

27.18±0.82ab 0.275±0.003c 0.130±0.001c 

G9 37.5 LS + 6.25 Lupine +  
6.25 Fenugreek extracts  

28.38±0.34a 0.205±0.11b 0.108±0.005de 

Each value represents the mean ± SE. 
The mean values with different superscript alphabets indicate significant differences (P<0.05) using LSD test 

 
3.3. Blood glucose and insulin level of STZ- diabetic rat: 

 
There was a reverse correlation between blood glucose and insulin levels. A significant elevation of blood 

glucose and a reduction in insulin level (P ≤ 0.05) was found in P-control group compared to the rest groups 
(Table 2). Administration of all treatments showed significant effect by reducing the blood glucose and 
increasing the insulin level. Additionally, there was no significant difference between N-control (G1) and all 
groups administrated by LS alone or in combination with lupine and fenugreek at high concentration of LS (G3, 
G6, G7, and G9). 
 
Table 2: The effect of administration LS, lupine, fenugreek extracts and their mixture for 60 days in serum glucose and insulin in STZ-  
              diabetic rat 

Serum insulin 
 (IU/ml) 

Serum glucose 
(mg/dl) 

Daily intake  
(mg/kg BW) 

Rat group 

10.34 ± 0.54 a 115.24 ± 4.43 c N. Control  G1 
5.81 ± 0.21 d 258.41 ± 7.87 aP. Control  G2 
9.19 ± 0.81 abc 118.05 ± 4.86c50 LS  extract  G3 
7.99 ± 0.081c 161.92 ± 4.30 b50 Lupine extractG4 
7.89 ± 0.14c 167.57 ± 6.35 b 50 Fenugreek  extractG5 
9.34 ± 0.29 ab 120.89 ± 5.96 c37.5 LS + 12.5 Lupine 

extracts  
G6 

9.32 ± 0.40 ab 118.25 ± 6.03 c25  LS + 25 Lupine extracts G7 
7.60 ± 0.35c 165.11 ± 5.88 b12.5 LS + 37.5 Lupine 

extracts  
G8 

9.87 ± 0.58 a 120.38 ± 6.45 c37.5 LS + 6.25 Lupine +  
6.25 Fenugreek extracts 

G9 

Each value represents the mean ± SE. 
The mean values with different superscript alphabets indicate significant differences (P<0.05) using LSD test 

 
3.4. Lipid profile: 

 
The effect of LS, lupine, fenugreek extracts and their mixture on serum lipoprotein cholesterol, and serum 

triglycerides in STZ- diabetic rat was studied and the results are shown in Table (3). Serum total cholesterol, 
LDL- cholesterol, and triglycerides of diabetic rats (P- control group) were found in high concentrations 
(111.81, 60.12, and 108.59 mg/ dl, respectively), which were statistically high significant different compared to 
the other tested rat groups. Meanwhile, serum HDL- cholesterol in the same control group was found to be 
24.53mg/dl, being significantly lower compared to other tested rat groups. In addition, there was no significant 
difference (P ≤ 0.05) between G9 and N-control (G1) in serum cholesterol, LDL- cholesterol, HDL- cholesterol 
and triglycerides. However, there was a significant difference (P ≤ 0.05) between G6, and N-control (G1) in 
serum cholesterol and triglycerides.  Moreover, there was no significant difference (P ≤ 0.05) between G6, G9 
and N-control (G1) in serum LDL- cholesterol and HDL- cholesterol level. 
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Table 3: The effect of administration LS, lupine, fenugreek extracts and their mixture for 60 days in serum total-cholesterol, HDL- 
               cholesterol, LDL-cholesterol and triglycerides in STZ- diabetic rat 

Rat 
group 

Daily intake  
(mg/kg BW) 

T. cholesterol 
(mg/dl) 

HDL. 
(mg/dl) 

LDL 
  (mg/dl) 

Triglycerides 
(mg/dl) 

G1 N. Control  75.55±0.28e 32.13±0.51ab 27.18±0.46f 90.04±0.65f 

G2 P. Control  111.81±0.25a 24.53±0.23d 60.12±1.35 a 108.59±0.86a 
G3 50 LS  extract  77.02±0.14cd 33.06±0.35a 29.25±0.018de 93.91±0.09d

G4 50 Lupine extract 78.95±0.52b 30.55±0.52c 30.79±0.28bc 94.17±0.12d

G5 50 Fenugreek  extract 77.98±0.15bc 30.35±0.31c 31.25±0.18b 95.48±0.28c

G6 37.5 LS + 12.5 Lupine 
extracts  

78.14±0.05b 32.98±0.24a 28.32±0.48ef 92.51±0.37e 

G7 25  LS + 25 Lupine 
extracts  

78.52±0.10b 31.72±0.18b 29.26±0.21de 96.67±0.26bc 

G8 12.5 LS + 37.5 Lupine 
extracts  

78.88±0. 05b 30.30±0.07c 29.67±0.27cd 97.78±0.23b 

G9 37.5 LS + 6.25 Lupine +  
6.25 Fenugreek extracts  

76.56±0.32de 32.79±0.23a 27.93±0.28f 90.79±0.56f 

Each value represents the mean ± SE.                                            
The mean values with different superscript alphabets indicate significant differences (P<0.05) using LSD test 

 
3.5. Liver and kidney functions:   

 
From data presented in Table (4), it could be noticed that all treatments were able to reduce values of serum 

ALP, AST and ALT compared to P. control (G2). However, the concentration of serum ALP, AST and ALT of 
STZ- induced rats group without extract supplementation was affected, where the highest values of these 
parameters were recorded for P-control (G2) and reached 85, 85.17, and 44.33 U/L, respectively. 

As seen in Table (4), the P.control showed a significant increase in creatinine, urea, and uric acid (P ≤ 0.05) 
compared to N.control group. However, all treated rat groups showed a significant decrease in serum creatinin, 
urea, and uric acid (P ≤ 0.05) compared to P.control group. Moreover, there was no significant difference in 
serum creatinin between N. control group (G1) and G3, G4, G6 and G9 rat groups.  

 
Table 4: The effect of administration LS, lupine, fenugreek extracts and their mixture for 60 days in Liver (serum ALP, AST and ALT) and  
               Kidney (serum createnine, urea and uric acid) function in STZ- diabetic rat 

Kidney function Liver function 
Daily intake  
(mg/kg BW) 

Rat 
group 

Uric acid 
mg/dl 

Urea 
mg/dl 

Creatinine 
mg/dl 

ALT 
(U/L) 

AST 
(U/L) 

ALP 
(U/L) 

 
 

2.61±0.05 d 27.48±1.74d 0.76±0.42 d 28.50±1.04c58.07±2.05c49.33±0.88f N. Control  G1 
3.93±0.10 a 63.86±2.30 a 1.84±0.05 a 44.33±2.19a85.17±3.61a85.00±1.15a P. Control  G2 
3.00±0.92 c 35.89±2.01 c 0.89±0.02 cd 30.67±2.19bc62.33±2.03bc51.33±0.88f 50 LS  extract  G3 
3.07±0.08 bc 40.11±1.09 bc 0.99±0.05 bcd 33.67±1.86bc68.90±4.95b61.07±0.58cd 50 Lupine 

extract 
G4 

3.31±0.08 b 40.63±1.92 bc 1.02±0.09 bc  35.00±1.43b69.33±5.61b62.67±1.45bc 50 Fenugreek  
extract 

G5 

3.03±0.09 c 41.89±1.79 bc 0.94±0.04 bcd  30.90±1.65bc63.07±1.10bc50.33±0.88f 37.5 LS + 12.5 
Lupine extracts  

G6 

3.12±0.08 bc 40.40±1.51 bc 1.17±0.17 b 32.97±2.06bc69.43±3.48b65.33±0.88b 25  LS + 25 
Lupine extracts  

G7 

2.93±0.12 c 43.54±2.89 b 1.14±0.09 b 36.83±1.83b63.77±2.69bc59.33±0.67d 12.5 LS + 37.5 
Lupine extracts  

G8 

3.03±0.08 c 44.26±1.50 b 0.97±0.04 bcd 31.50±1.95c64.33±1.86bc54.33±1.20e 37.5 LS + 6.25 
Lupine +  6.25 
Fenugreek 
extracts  

G9 

Each value represents the mean ± SE. 
The mean values with different superscript alphabets indicate significant differences (P<0.05) using LSD test 

  
3.6. Antioxidants status: 

 
Serum SOD and CAT activities were significantly decreased in streptozotocin-induced diabetic rats and 

concentration of MDA and H2O2 in serum were significantly increased in untreated diabetic rats (P. control) 
compared to control rats (N. control). Administration of diabetic rats with different extracts and their mixture 
reduced MDA and H2O2 levels and increased SOD and CAT activities compared with untreated diabetic rats 
(Table 5). The highest antioxidant enzymes activities and the lowest value of MDA and H2O2 were observed by 
rats fed on the diet supplemented with LS extract (G3) and mixture extract of LS with lupine extracts (G6).  
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Table 5: The effect of administration LS, lupine, fenugreek extracts and their mixture for 60 days in serum SOD, Catalase, MDA and H2O2  
              in STZ- diabetic rat   

H2O2 
nmol/ ml 

MDA 
nmol/ ml 

Catalase  
U/ml 

SOD 
U/ml 

Daily intake 
(mg/kg BW) 

Rat group 

0.137±0.003 d 4.20±2.30 d 149.69±3.51 a 309.22±2.50 a  N. Control  G1 
0.213±0.004 a 16.08±0.94a 67.51±2.73d 124.59±1.69 d P. Control  G2 
0.143±0.007 cd 6.50±0.52c 143.06±2.88 a 286.67±2.54 b 50 LS  extract  G3 
0.162±0.008 b 8.30±0.51b 127.46±2.74 c 245.70±4.77 c 50 Lupine extract G4 
0.169±0.004 b 8.25±0.51b 123.04±6.88 c 242.91±7.36 c 50 Fenugreek  extract G5 

0.155±0.004c 7.49±0.36 bc 139.75±2.17ab 277.14±2.71 b 
37.5 LS + 12.5 
Lupine extracts  

G6 

0.166±0.005 b 8.23±0.48b 128.22±2.08 c 244.17±2.19 c 
25  LS + 25 Lupine 
extracts  

G7 

0.158±0.004 b   8.34±0.12b 124.98±1.97 c 254.28±5.64 c 
12.5 LS + 37.5 
Lupine extracts  

G8 

0.165±0.005 b 8.11±0.53b 130.86±2.29 bc 254.60±7.63 c 
37.5 LS + 6.25 
Lupine +  6.25 
Fenugreek extracts  

G9 

Each value represents the mean ± SE. 
The mean values with different superscript alphabets indicate significant differences (P<0.05) using LSD test 

 
3.7 Histopathological study: 

 
Histopathological examination of pancreas (Fig. 5) indicated that normal control rat groups showed 

apparently no histopathological changes (Slide1), while, pancreas of positive control rats group showed 
congestion of pancreatic blood vessel (Slide 2). Concerning the tested rat groups, vacuolations of β-cells of 
islets langerhan’s could be observed in G4 rats received 50 mg/kg bw lupine extract (slide 4).  Additionally, 
pancreas of rats group (G5) received 50 mg/kg BW fenugreek extract showed vacuolations of pancreatic acinar 
epithelium (Slide 5) and there was necrosis of β-cells of islets langerhan’s in pancreas of rats group (G8) 
received 12.5 LS + 37.5 Lupine extracts (Slide 8). No histopathological changes were observed in pancreas of 
rat groups, G3, G6, G7 and G 9 (Slides 3, 6, 7 and 9), respectively.  

 

                                
Slide (1): G1 (N. Control)                                                 Slide (2): G2 (P. Control) 

                              
      Slide (3): G3(50 mg LS ext./kg bw)                                    Slide (4): G4(50 mg Lupine ext./kg bw) 
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Slide (5): G5 (50 mg Fenugreek ext./kg bw)               Slide (6): G6(37.5 LS+12.5 Lupine ext. mg/kg bw) 

                              
Slide (7): G7 (25 LS +25 Lupine ext. mg/kg bw)          Slide (8): G8(12.5 LS+37.5 Lupine ext. mg/kg bw) 

 
Slide (9): G9(37.5 LS+6.25 Lupine + 6.25  Fenugreek ext. mg/kg bw) 
 

Fig. 5: The effect of administration of LS, lupine, fenugreek extracts and their mixture for 60 days on the 
histopathological of pancreas in STZ- diabetic rat. 

 
 Discussion: 

 
The main objective of the present study is to shed more light on the specific action mechanisms of three 

plants widely used in folk medicine to treat hyperglycemia namely, Garden cress (Lepidium sativum), 
fenugreek, and lupine, especially (Lepidium sativum) and give access to the best mixing ratio to get the highest 
impact on control blood glucose level and to become having the ability of therapeutic options for treatment of 
DM. 

It is well known that the hallmark of DM is an inability to control blood glucose level. Maintenance of 
normoglycemia by therapeutic interventions, if not fully, prevents the onset of micro vascular complications as 
it delays the progression of such complications (Nathan, 1994). 

Phenolic and flavonoid compounds help in protection and treatment the disease. In the present study, data in 
Figs (1 and 2) show the phenolic compounds of LS, lupin, fenugreek seeds, extracts and their mixture. These 
results are in agreement with those observed by Orlovskaya and Chelmbit'ko (2007). They cited that a total of 
12 compounds were identified by the HPLC analysis of L.S seeds. Of these, gallic acid 9.44%, chlorogenic acid 
14.77%, ferulic acid 5.63%, neuochlorogenic acid 2.22%, Luteeloin-7-glycoside 14.67%, dihydroquercetin 
4.37%, and quercetin 3.15% were identified. Moreover, UI-Haq et al., (2012) illustrated that vanillic acid was 
identified as the main compound in L.sativum seeds and their liquid extracts. However, they cited that ferulic 
acid was not detected. The obtained results showed that 4 hydroxy- isoleucine the highest concentration 227.75 
mg/100g LS seed followed by salycilic acid, catechin, and vanillic acid (122, 119, 100.92 mg/100g LS seed), 
respectively. Similar results were found also for LS in the present work. The main phenolic compounds found in 
fenugreek seed and their extracts were 4 hydroxy- isoleucine, p-benzoic acid, caffien, salycilic acid, and 
Dihydroxy cinnamic acid. However, Hadriche et al., (2013) found that the main compounds 4hydroxy- 
isoleucine, gallic acid, caffiec acid, p-cumaric acid and chlorogenic acid fenugreek seed. The main phenolic 
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compounds in lupin are catechin and caffien. These results are not consistent with those of  Siger et al., (2012), 
who found that protocatechuic acid was the most abundant phenolic compounds in seeds of yellow lupin (up to 
73.60 mg/kg d.m.), whereas p-hydroxybenzoic acid was found in narrow-leaf lupin (about 43 mg/kg d.m.). On 
the other hand, Lampart-Szczapa et al., (2003) showed the presence of such acids as protocatechuic, p-
hydroxybenzoic acids, chlorogenic acids, vanillic acids, p-coumaric and ferulic acids in lupin seeds. 

The flavonoid compounds found in the present work are not fully compatible with those of Hadriche et al., 
(2013) and Nouira et al., (2012). They reported that the main compound were in quercetrin and kampferol in L 
staivum, while apegnin was found in fenugreek. Siger et al., (2012) mentioned that the highest content of the 
apigenin glycosides was recorded in yellow lupin, while the lowest one was in white lupin. However, in present 
study the hesperdin was detected in lupin, while apegnin was 5.28 mg/100g lupin seed and 0.359mg/100ml 
aqueous extract of lupin. Hempel and Bohm (1996) as well as D' Agostina et al., (2008) reported that 3-
Oglucuronides and 3-O-rutinosides of quercetin and kaempferol were the main flavonoid glycosides in six 
varieties of yellow and green French beans. These authors claimed that the total content of quercetin- and 
kaempferol-3-O-glycosides was in the range of 19.1 to 183.5 and 5.6 to 14.8 mg/kg sample, respectively. 

It is well known that the antioxidant capacity and phenolic content of plant depend on several factors such 
as different genotype, growing condition, agronomic practices employed season, maturity, post-harvest storage 
and processing condition and solvents, which may explain the differences found among the results obtained in 
the present work and those reported in previous studies. 

The results revealed that a reduction in weight gain percentage was observed in P.control (G2), which agree 
with Kumar et al., (2005) and Anand et al., (2010), who found a decreased body weight of diabetic rats after 
treatment with streptozotocin (STZ). Ravi et al., (2004) observed that decreased body weight in diabetic rats is 
due to excessive breakdown of tissue proteins. Moreover, Jeong et al., (2010) found that STZ treatment caused a 
significant reduction in the body weight gain of rats and a significant increase in the organ-to-body weight ratio 
for liver, kidney and pancreas. From the results of the present work, the administration of aqueous extract of LS, 
lupin and fenugreek to diabetic rats reversed the weight loss. This ability to recover body weight loss seems to 
be due to its antihyperglycemic effect. 

In the present study, oral administration of LS, lupin and fenugreek extracts or their mixtures for 60 days to 
STZ-diabetic rats resulted in a significant reduction in the blood glucose level and elevation of serum insulin 
(Table 2). Recently, Eddouks et al., (2005) illustrated that in normal rats, in spite of counter regulatory factors 
physiologically involved in response to hypoglycaemia, (such as glucagon, cortisol, adrenaline), aqueous LS 
extract significantly reduced the blood glucose levels (P ≤  0.01) after a single administration. This indicates the 
strong hypoglycaemic action of LS extract. The repeated oral administration caused progressive reduction in 
blood glucose levels, which may be due to a cumulative action of LS during the period of treatment. They also 
mentioned that both single and repeated oral administrations of LS caused a reduction in blood glucose levels in 
STZ rats with a marked normalisation of glycaemia.  

The aqueous LS extract may act in the key organs of glucose homeostasis such as liver by inhibition of 
endogenous glucose production (Eddouks et al., 2003), the kidney by the inhibition of renal glucose 
reabsorption (Tetsuya et al., 2000), muscle and adipose tissues by increasing both glucose uptake and glucose 
intracellular metabolism (Zhang and Tan, 2000). Finally, the inhibition of intestinal glucose absorption could be 
involved in this observed hypoglycaemic activity of LS (Platel and Srinivasan, 1997). Some phytochemical 
analysis of LS reported the presence of imidazole alkaloids (Maier et al., 1998), which possess a hypoglycaemic 
activity (Alarcon-Aguilar et al., 1997; Asano et al., 2001; Cordell et al., 2001). It has been reported that 
phlorizin, a specific inhibitor of Na-glucose cotransporter, promotes the excretion of glucose into the urine and 
lower blood glucose levels in several animal models of diabetes mellitus (Krook et al., 1997). However, it is not 
excluded that the aqueous LS extract may exert its hypoglycaemic effect by other mechanisms such as 
stimulation of glucose uptake, correction of insulin resistance, inhibition of endogenous glucose production or 
activation of glycogenogenesis in liver and muscles.   

Furthermore Gokavi et al., (2004) revealed that potassium was the highest component of mineral 
compositions in all L. sativium fractions followed by phosphorous, magnesium and calcium. Calcium, potassium 
and sodium are concentrated in bran whereas phosphorous, iron, zinc and magnesium are concentrated in 
endosperm. Gopalan et al., (2000) reported the presence of 377mg calcium, 723mg phosphorous and 100mg of 
iron in L. sativium. The antidiabetic effect of plant extracts could be summarized as follows Bnouham et al., 
(2002): stimulation of insulin secretion from β cells, imitating the action of insulin, as "insulin-like action", 
supplying β cells with the necessary elements (Cu++, Mg++, Ca++) and reducing the action of insulinase, an 
enzyme that destroys the insulin in the liver. They may act on glucose homeostasis in a non-insulin-dependent 
diabetes model, decreasing the level of glucagon, inducing a decrease in the intestinal absorption of glucose 
and/or reducing the prinpheral use of glucose and causing stimulation of glucogenogenesis and/or inhibition of 
the glucogenolysis. The aforementioned action mechanisms could be confirmed with the results obtained in the 
present study, since no significant differences in insulin level were found between N-control (G1) and all groups 
administrated by LS. 
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On the other hand, results of Gurrola-Diaz et al., (2008) indicated that the hypoglycemic effect of 
quinolizidine alkoloid (QA) in lupin may be related to its ability to enhance insulin release in pancreatic islets, 
which could explain the results of the present work.  

Administration of fenugreek extracts succeeded to reduce significantly the elevated glucose and tended to 
increase insluin in diabetic rats treated by STZ. Hannan et al., (2007) reported that the SDF fraction (0·5 g/kg 
body weight) suppressed the elevation of blood glucose after oral sucrose ingestion in both non-diabetic and 
type 2 diabetic rats. Intestinal disaccharidase activity and glucose absorption were decreased and gastrointestinal 
motility increased by the SDF fraction. Daily oral administration of SDF to type 2 diabetic rats for 28 d 
decreased serum glucose, increased liver glycogen content. Glucose transport in 3T3-L1 adipocytes and insulin 
action were increased by T. foenum-graecum. These findings indicate that the SDF fraction of T. foenum-
graecum seeds exerts antidiabetic effects mediated through inhibition of carbohydrate digestion and absorption, 
and enhancement of peripheral insulin action. Also extracts of fenugreek seeds has been shown to stimulate 
glucose-dependent insulin release from isolated rat and human islets (Sauvaire et al., 1998). It has been reported 
also that fenugreek acts by delaying glucose absorption and enhancing its utilization (Raghuram et al., 1994).  

The findings from Hannan et al., (2007); Madar & Shomer, (1998) indicate that the antihyperglycaemic 
effects of T. foenum-graecum are mediated, at least partly, by decreasing intestinal glucose absorption. The 
observation that the SDF fraction increased sucrose content of the stomach in non-diabetic and type 2 diabetic 
rats at 30–60 min supports the notion that fenugreek also reduces gastric emptying (Nahar et al., 2000).  

The results of Hannan et al., (2007) suggest that reduction of sucrose absorption may be related to the 
inhibition of enzyme activity in the gut. Amin et al., (1987) suggested that a relatively low molecular mass 
fraction of aqueous extract of T. foenum-graecum was responsible for inhibition of carbohydrate-degrading 
enzymes. Additionly, Hannan et al., (2007) reported that the daily oral administration of SDF (0·5 g/kg body 
weight) to type 2 diabetic rats for 28 d enhanced total antioxidant status.  Although these treatment regimes 
decrease the risk of complications, oxidative stress associated with metabolic dysregulation continues to be a 
significant source of tissue damage (Genet et al., 2002). Administration of SDF fraction of T. foenum-gracum 
seeds to type 2 diabetic rats for 28 d resulted in an increase in total antioxidant status. Such antioxidant 
properties of the extract may be valuable in the prevention and possible reversal of diabetic complications as 
highlighted by other authors (Anuradha & Ravikumar, 2001; Genet et al., 2002). Also, Eidia et al., (2007) 
reported that the fenugreek alcoholic extract significantly decreased serum glucose, whereas it increased serum 
insulin levels in treated diabetic rats as compared with control diabetic rats.  

However, several studies have shown the presence of steroid saponins in fenugreek seeds (Yoshikawa et al., 
1997). Saponin compounds such as diasgenin, alkaloids, and trigonelline inhibit intestinal glucose uptake in 
vitro (Al-Habori et al., 2001). 4-Hydroxyisoleucine, a modified amino acid extracted and purified from 
fenugreek seeds, also displayed an insulinotropic property in vitro, stimulated insulin secretion in vivo, and 
improved glucose tolerance in normal rats and dogs and in rat model of type 2 DM (Sauvaire et al., 1998). 
Besides, 4-hydroxyisoleucine, arginine and trytophan are the other amino acids having antidiabetic and 
hypoglycemic effect. In addition, many trace elements found in plant, have been shown to possess antidiabetic 
effects (Mohamad et al., 2005). Until now, 5 different flavonoids, namely, vitexin, tricin, naringenin, quercetin, 
and tricin-7-O-β-D-glucopyranoside, are reported to be present in fenugreek seeds (Shang et al., 1999). 

Polyphenolic flavonoids have been shown to protect various cell types from oxidative stress–mediated cell 
injury. 

Serum cholesterol and triglycerides levels are also strongly related to the degree of diabetic control rats. 
The increased total cholesterol, triglyceride and LDL-cholesterol levels observed in diabetic rats may be the 
result of impaired liver function caused by damage done by STZ, which acts either directly or indirectly by 
enhancing the serum glucose level (Yao et al., 2008). On the other hand, all administrated extracts in diabetic 
rats enhanced the harmful effect of STZ on lipid profile. These results explained by Amawi & Aljamal (2012) 
who stated that orally administration with Lepidium sativum extract (20 mg/kg) in comparison to control group, 
showed a significant lower value of plasma glucose by 30%, cholesterol by 22%, triglycerides by 25%, LDL by 
23% and increased HDL by 32%. The findings of these results indicate that the administration of Lepidium 
sativum showed better lipid profile as well as decreases in the sugar level in hypercholesterolemic rats. Results 
of Amawi & Aljamal (2012) showed decrease in sugar level and increase in HDL after administration of 
Lepidium sativum L. seeds due to the presence of glycoside, alkaloids, tannin (Phenolic compound), flavonoids, 
and amino acids like glutamine, cysteine, and glycine. The tannin and flavonoids may have antioxidant activity 
whenever glutamate, cysteine, glycine are intermediates for synthesis of the endogenous antioxidant glutathione. 
These results agree with Kirtkar & Basu (2005).  

Furthermore, the protein isolate of white lupin (Lupinus albus) has been shown to have a similar 
hypocholestrolemic effect in rats to that of soy protein (Sirtori et al., 2004). Also the lupin kernel fibres as well 
as whole lupin seeds have been demonstrated to have cholesterol-lowering effect in pigs and in man (Martins et 
al., 2005). It has been shown that a minor lupin protein component, conglutin γ, has a remarkable increasing 
effect on LDL-uptake and degradation, and this has been suggested as one of the mechanisms behind the 
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hypocholestrolemic effect (Sirtori et al., 2004). This finding, however, is based on a study of cultured HepG2 
cells and is not as such applicable to proteins that undergo digestion. Another possible mechanism behind the 
improved endothelial function could theoretically be through the hypocholesterolemic effect of the proteins. 
lupin proteins studies have shown to have a positive effect on lipid profiles and their ability to upregulate LDL-
receptors in hepatocytes in vitro has been established (Sirtori et al., 2004) 

The present data indicated that the fenugreek aqueous extract significantly decreased serum triacylglycerol, 
cholesterol in treated diabetic rats as compared with control diabetic rats.  In agreement with the present results, 
the hypoglycemic effect of fenugreek seeds has been demonstrated in experimentally induced diabetic rats, 
dogs, mice, and healthy volunteers and insulin-dependent and non–insulin-dependent diabetic patients (Ribes et 
al., 1984 & Eidia et al., 2007). 

The administration of fenugreek extract has significantly decreased serum triacylglycerol and cholesterol in 
diabetic rats. In continence with the present data, other workers have reported that administration of fenugreek 
lowered both serum triacylglycerol and total cholesterol in diabetic rats (Khosla et al., 1995) and 
hypercholesterolemic patients (Prasanna, 2000). The hypolipidemic action of soluble dietary fiber fraction could 
be the result of retardation of carbohydrate and fat absorption due to the presence of bioactive fiber in the agent 
(Hannan et al., 2003). Ethyl acetate extract of fenugreek seeds were investigated by Hadriche et al., (2013). It 
reduced total cholesterol, triglycerides, and low-density lipoprotein cholesterol (LDL-C) and increased high-
density lipoprotein cholesterol (HDL-C) compared with those of rats fed a cholesterol-rich diet (HCD).  

Serum enzymes including AST and ALT are used in the evaluation of hepatic disorders. An increase in 
these enzyme activities reflects active liver damage. Inflammatory hepatocellular disorders result in extremely 
elevated transaminase levels [Hultcrantz et al., 1986]. In accordance with these findings, STZ treatments have a 
significant role in the alteration of liver functions because the activity of AST and ALT were significantly 
higher than those of normal value (Sheweita et al., 2001). In diabetic rats, the activity of serum ALP was 
significantly increased by 72.31% to their normal levels Table (4), which support the findings in the present 
work, that the liver was necrotized in diabetic rats Therefore, the increase in the activity of ALP in serum is 
mainly due to the leakage of these enzymes from the liver cytosol into the blood stream (Mansour et al., 2002), 
which gives an indication on the hepatotoxic effect of STZ. On the other hand, all administration of extracts to 
diabetic rats reduced ALP, ALT and AST activity towards its normal values, especially all treatments containing 
aqueous extracts of LS individually or combined with another extracts (G3, G6, and G9), which gave the best 
results of these parameter.   

Data of the present work showed that serum uric acid, urea, and creatinine levels were increased in diabetic 
rats. This may be due to metabolic disturbance in diabetes reflected in high activities of xanthine oxidase, lipid 
peroxidation, and increased triacylglycerol and cholesterol levels (Anwar &AMR, 2003). Moreover, protein 
glycation in diabetes may lead to muscle wasting and increased release of purine, the main source of uric acid, 
as well as increased activity of xanthine oxidase (Anwar &AMR, 2003). The present work showed that LS, 
lupin, and fenugreek or their mixture extracts decreased the serum uric acid, urea, and creatinine levels in 
diabetic rats. Elevation of the serum urea and creatinine, as significant renal function markers, are related to 
renal dysfunction in diabetic hyperglycemia (Almadal & Vilstrup, 1988). 

Eidia et al., (2007) illustrated the effect of oral administration of fenugreek extract (0.1, 0.25, and 0.5 g/kg 
body weight) for 14 days on the level of serum urea, uric acid, creatinine, aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) in normal and streptozotocin-induced diabetic rats. Treatment by fenugreek 
extract alleviated body weight loss in diabetic rats. Administrations of the extract significantly decreased serum 
urea, uric acid, creatinine, AST, and ALT levels. A comparison was made between the action of fenugreek 
extract and glibenclamide (600 μg/kg), the known antidiabetic drug. The antidiabetic effect of the extract was 
similar to that observed for glibenclamide.  

Hyperglycemia in diabetic animals can cause oxidative stress, depleting the activity of the antioxidative 
defense system and resulting in elevated levels of oxygen free radicals Lee (2006). The possible sources of 
oxidative stress in diabetes might include autooxidation of glucose, decreased tissue and plasma concentrations 
of SOD and reduced catalase (Kowluru & Chan 2007). Present results are in agreement with those obtained by 
Nouira et al., (2012) & Hadriche et al., (2013) who found that the activities of SOD, CAT and level of GSH 
were elevated and level of MDA declined significantly in the Lepidium sativum (200 and 400 mg/kg) plus 
DXN. Yogesh et al., (2011) demonstrated that an acute cardio-renal failure in rat after 72 h of a single dose of 
DXN (10 mg/kg) administration. The altered renal damage could be completely restored with the prophylactic 
oral administration of Lepidium sativum at a dose of 400 mg/kg. The antioxidant status of kidney is significantly 
lowered in the DXN alone treated animals. Therefore the concentration of MDA equivalents, as a result of lipid 
peroxidation, increased in DXN alone treated animals due to the decreased SOD, CAT activities and GSH level. 
A high dose of Lepidium sativum plus DXN could restore the kidneys antioxidant status and completely protect 
against renal damage. Administration of Lepidium sativum enhanced the activities of SOD activity in the 
Lepidium sativum treated group might be involved in the scavenging of O2- generated from the DXN. The in 
vitro study using Lepidium sativum had reported the significant antioxidant activities (Jain et al., 2009). 
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As a result, it may be concluded that the studied plant should be considered as an excellent candidate for 
future studies on DM. The aqueous LS extract exhibits a hypoglycemic activity in diabetic rats either 
individually or mixed LS with lupin in the ratio of (3:1), because some people doesn't like flavor of fenugreek, 
although it's has several benefits.  

In addition, further comprehensive pharmacologic investigations, including experimental chronic studies, 
should be carried out. 
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