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Abstract 

Background: Humans are exposed to aluminum from the mouth, nose and epidermal route inducing toxic effects. Accumulation of 

aluminum has been associated with a variety of pathologies such as anemia, osteodystrophy, joint diseases, muscular weakness, and 

Alzheimer’s diseases  Fenugreek extracts have been shown to be neutralizing of free radicals and enhancing antioxidant status.  

Objectives: The present study aimed to evaluate the ameliorative effects of fenugreek seeds against hematotoxicity induced by Aluminum 

chloride in male rabbits.  

Materials and Methods: This study included twenty-four adult male rabbits, which were divided into 4 groups, 6 rabbits for each. Group 

I (control group): Animals were provided with tap water and fed with a normal diet for 30 days. Group II (Fenugreek seeds powder group): 

Fenugreek seeds powder was given to rabbits in food at a dose of 10 g per kilogram of diet weight/kg of body weight/day for 30 Days. Group 

III (Aluminum chloride (ALCl3) group): Rabbits were treated orally with 150 mg/kg BW of AlCl3/day for 30 consecutive days. Group IV 

(Aluminum chloride/fenugreek co-administered group): Fenugreek seeds flour was added at a rate of 10 g per kilogram of diet weight, and 

rabbits were treated orally with 150 mg/kg BW of AlCl3/day for 30 consecutive days. At the end of the experiment and 24 hours after the 

last dose, all animals were anesthetized with ether and blood samples were collected by heart puncture.  

Results: The results of the study showed that the treatment of male rabbits with aluminum chloride resulted in a significant decrease 

(P<0.01) in RBCs count, hemoglobin concentration, hematocrit value, MCV, MCH, and MCHC as compared to the control group. While 

there was a significant increase (P<0.01) in WBCs count, lymphocytes, and monocytes percentages and a significant decrease in granulocyte 

percentage when compared with the control group. Co-administration of fenugreek seeds powder and AlCl3 significantly improved all 

haematological parameters.  

Conclusion: The results showed that the administration of rabbits with aluminum chloride caused a hematotoxicity, and co-administration 

of fenugreek seeds powder with AlCl3 alleviate the hematotoxicity induced by AlCl3. The use of fenugreek seeds powder by humans can be 

considered beneficial in the alleviation of hematotoxicity. It is recommended that humans exposed to AlCl3 should be advised to take 

fenugreek seeds powder as a rich source of antioxidants to prevent hematotoxicity induced by AlCl3.  Further studies are necessary to 

elucidate the exact mechanism of the anti-hematotoxic effect of Fenugreek seeds powder and the potential usefulness of fenugreek seeds 

powder as a protective agent against AlCl3 induced hematotoxicity in clinical trials.    

Keywords: hematotoxicity, aluminum chloride, ameliorating effects, fenugreek seeds powder, male rabbits 

1. Introduction 

Aluminum is a constituent of cooking utensils, medicines such as 

antacids, cosmetics such as deodorants, and food additives. Also, it can 

be found in food especially corn, yellow cheese, salt, herbs, spices, and 

tea. In addition, aluminum salts are widely used as flocculants in the 

treatment of drinking water for purification purposes [1-4]. Humans are 

exposed to aluminum from the mouth, nose and epidermal route inducing 

toxic effects to a variety of organ systems including the brain, kidney, 

liver, lungs as well as bone and blood [5, 6]. Aluminum accumulation in 

humans can occur via the diet, drinking water, vaccines, antacids, 

parenteral fluids, and inhaled fumes [7, 8].  Accumulation of aluminum 

has been associated with a variety of pathologies such as anemia, 

osteodystrophy, joint diseases, muscular weakness, and Alzheimer’s 

diseases [8, 9].  

Aromatic and flavourful fenugreek seed is a popular spice and is widely 

used for well-recognized culinary and medicinal purposes. Fenugreek 

seed is used in physiological utilization for the treatment of antibacterial, 

anticancer, hypocholesterolemic, hypoglycemic antioxidant, and 

antidiabetic agent [10]. Recent researches identified antioxidant, 

anticarcinogenic, hepatoprotective, and other miscellaneous medicinal 
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effects of fenugreek [11, 12]. Fenugreek extracts have been shown to be 

neutralizing of free radicals and enhancing of antioxidant status [12, 13]. 

Fenugreek oil has many ingredients that have antioxidant activities [14, 

15]. 

2. Objectives 

The evidence reporting the amelioration by fenugreek in aluminum 

chloride-induced haematotoxicity in male rabbits are hardly found. So, 

the present study aimed to evaluate the ameliorative effects of fenugreek 

seeds powder against hematotoxicity induced by aluminum chloride in 

male rabbits. 

3. Materials and Methods  

3.1. Animals 

24 adult male rabbits, aged between 35-37 weeks and weighing 1.5-1.8 

kg, were used in the current study. The rabbits were housed in a room 

under standard conditions of ventilation, temperature (25 ° C ± 2), and 

humidity (60 - 70) %, rabbits were separated in a plastic cage, the animals 

were provided with free drinking water and standard commercial food. 

3.2. Chemicals 

Aluminum chloride was purchased from Sigma Chemicals Company, and 

rabbits were treated orally with 150 mg/kg BW of AlCl3/day for 30 

consecutive days [6]. 

3.3. Fenugreek seeds 

Fenugreek seeds were purchased from the Zawia market, and the 

fenugreek seeds were ground and added at a rate of 10 gm of fenugreek 

seeds powder per kilogram of diet weight that was provided to rabbits for 

30 days. 

3.4. Experimental Design 

After one week of acclimation, the animals were randomized and divided 

into four groups (6 rabbits for each) as follows: Group I (control group): 

Animals were provided with tap water and fed with a normal diet for 30 

days. Group II (Fenugreek seeds powder group): Fenugreek seeds powder 

was given to rabbits in food at a dose of 10 g per kilogram of diet 

weight/kg of body weight/day for 30 Days. Group III (Aluminum chloride 

group): Rabbits treated orally with 150 mg/kg BW of AlCl3/day for 30 

consecutive days. Group IV (Aluminum chloride/fenugreek co-

administered group): Fenugreek seed flour was added at a rate of 10 g per 

kilogram of diet weight, and rabbits were treated orally with 150 mg/kg 

BW of AlCl3/day for 30 consecutive days. At the end of the experiment 

and 24 hours after the last dose, all animals were anesthetized with ether 

and blood samples were collected by heart puncture. 

3.5. Blood Sampling 

The blood samples were collected in a clean dry tube containing the 

anticoagulant substance EDTA (ethylene diamine tetra acetic acid) and 

used for the hematological studies. 

3.6. Haematological Parameters 

Red, white blood cells, and blood platelet counts were done by using the 

hemocytometer and hemoglobin content (Hb) was determined according 

to the method of Wong [16]. 

Hematocrite value (Hct) was estimated by using the heparinized capillary 

tubes. The mean corpuscular volume (MCV), the mean corpuscular 

hemoglobin (MCH) and the mean corpuscular hemoglobin concentration 

(MCHC) were calculated according to Schalm [17] as the following 

equations: MCV = Hct / RBC’s × 10, MCH = Hb / RBC’s × 10 & MCHC 

= Hb / Hct) × 100. 

The blood film was made after the collection of blood samples. By manual 

method, three blood films were made for each blood sample, stain the 

blood film by Giemsa stain and differential leukocyte count were done 

[18]. 

3.7. Statistical Analysis 

 The values were presented as means ± SD of different groups. One-way 

analysis of variance (ANOVA) was carried out. For the comparison of 

significance between groups, Duncan’s test was used as a post hoc test 

according to the statistical package program (SPSS version 26.0). The 

results were considered statistically significant when P <0.05. 

4. Results 

The results of the study showed that the treatment of male rabbits with 

aluminum chloride resulted in a significant decrease (P<0.01) in RBCs 

count, hemoglobin concentration, hematocrit value, MCV, MCH, and 

MCHC as compared to the control group. While there was a significant 

increase (P<0.01) in WBCs count, lymphocytes, and monocytes 

percentages and a significant decrease in granulocyte percentage when 

compared with the control group.  

The Hematological parameters in the different groups are shown in Table 

1. Male rabbits that received aluminum chloride orally at a dose of 150 

mg/kg BW of AlCl3/day for 30 consecutive days had significantly 

(p<0.01) lower RBCs count, Hb, Ht, MCV, MCH, and MCHC than those 

in the control animals (Fig. 1 - 6).  

 

Groups Control Fenugreek Aluminum chloride  Aluminum chloride + 

Fenugreek 

 Parameters Mean±SD Mean±SD Mean±SD Mean±SD 

Red blood cells count (RBCsx106/μL) 6.64 ± 0.27 6.69 ± 0.21 5.34 ± 0.13** 6.48 ± 0.31## 

Haemoglobin concentration (Hb,g/dl) 12.35 ± 0.32 12.56 ± 0.41 9.18 ± 0.28** 11.97 ± 0.25## 

Haematocrite value (Hct, %) 47.10 ± 1.11 46.9 ± 1.03 35.43 ± 1.06** 46.02 ± 0.86## 

Mean corpuscular volume (MCV,  μ3) 63.17 ± 5.55 63.5 ± 5..5 66.35 ± 0.72** 71.02 ± 0.49## 

Mean corpuscular haemoglobin (MCH, 

pg) 

18.60 ± 0.17 18.78 ± 0.14 17.19 ± 0.13** 18.47 ± 0.27## 

Mean corpuscular haemoglobin 

concentration (MCHC, g/dl) 

26.22 ± 0.26 26.78 ± 0.21 25.91 ± 0.25** 26.59 ± 0.27## 

**: Significant at (P<0.01) when compared with control group, ##: Significant at (P<0.01) when compared with aluminum chloride group. 

Table 1. Effect of fenugreek seeds powder, aluminum chloride, and aluminum chloride plus fenugreek seeds powder on RBCs count and its indices 

in male rabbits. 
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Figure. 1: Effect of fenugreek seeds powder and/or 

aluminum chloride on RBCs count in male rabbits. 

Figure. 2: Effect of fenugreek seeds powder and/or aluminum 

chloride on hemoglobin concentration in male rabbits. 

  

Figure. 3: Effect of fenugreek seeds powder and/or 

aluminum chloride on haematocrit value in male rabbits. 

Figure. 4: Effect of fenugreek seeds powder and/or aluminum 

chloride on Mean corpuscular volume in male rabbits. 

  

Figure. 5: Effect of fenugreek seeds powder and/or 

aluminum chloride on Mean corpuscular hemoglobin in 

male rabbits. 

Figure. 6: Effect of fenugreek seeds powder and/or aluminum 

chloride on Mean corpuscular hemoglobin concentration in male 

rabbits. 
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On the other hand, WBCs count, lymphocytes, and monocytes 

percentages, and platelet count were a significant increase and 

granulocyte percentage was a significant decrease when compared with 

the control group (Table. 2 & Figures. 7-11). Co-administration of 

fenugreek seeds powder and AlCl3 significantly improved all 

haematological parameters (Tabl. 1& 2, Figures. 1-11). 

Groups Control Fenugreek  Aluminum chloride Aluminum chloride + 

Fenugreek 

 Parameters Mean±SD Mean±SD Mean±SD Mean±SD 

White blood cells count 

(WBC, x103/μL) 

7.79 ± 1.02 8.15 ± 1.37 12.25 ± 1.03** 9.03 ± 1.21## 

Lymphocytes (%) 33.33 ± 2.51 34.04 ± 3.30 52.10 ± 2.58** 40.65 ± 2.20**##  

Monocytes (%) 3.65 ± 0.14 3.13 ± 0.30 5.57 ± 0.27** 4.48 ± 0.40**## 

Granulocytes (%) 63.02 ± 2.38 62.92 ± 3.01 42.33 ± 2.34** 54.87 ± 2.92**## 

Platelets count (PLT, x103/μL) 480.50 ± 45.7 483.23 ± 46.3 770.67 ± 33.3** 499.33 ± 44.0## 

**: Significant at (P<0.01) when compared with control group, ##: Significant at (P<0.01) when compared with aluminum chloride group. 

Table 2. Effect of aluminum chloride and/or fenugreek seeds powder on the WBCs count, differential count of leukocytes, and platelets count in 

male rabbits. 

  

Figure. 7. Effect of fenugreek seeds powder and/or aluminum chloride on 

WBCs count in male rabbits. 

Figure. 8. Effect of fenugreek seeds powder and/or aluminum 

chloride on lymphocytes percentage in male rabbits. 

 

  

Figure. 9: Effect of fenugreek seeds powder and/or aluminum 

chloride on granulocytes percentage in male rabbits. 

Figure. 10: Effect of fenugreek seeds powder and/or 

aluminum chloride on monocytes percentage in male rabbits. 
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Figure. 11: Effect of fenugreek seeds powder and/or aluminum chlorideon platelets count in male rabbits. 

5. Discussion 

Aluminum generates reactive oxygen species, resulting in oxidative 

deterioration of lipids, proteins, and DNA [1, 6]. The effects of aluminum 

chloride on hematological parameters have been studied well in 

experimental models [3, 4, 6, 8 and19]. 

The present study showed that treatment of male rabbits with aluminum 

chloride were decreased red blood cell count, hemoglobin concentration, 

haematocrite, mean corpuscular hemoglobin, mean corpuscular 

hemoglobin concentration, and mean corpuscular volume values as 

compared to the control rabbits. These results run parallel to those 

reported by many previous studies in experimental animals [3, 4, 6, 8 

and19]. The current result agrees with Al-Hashem, [20] who recorded 

normocytic normochromic anemia in rats treated orally with AlCl3 (0.5 

mg/kg BW for 30 days). Similar observations in erythrogram values were 

reported by El-Sharkawy et al., [8] who recorded that adult New Zealand 

white rabbits exposed to aluminum chloride   via drinking water in a dose 

of 20 mg/l for 3 months showed a significant decrease in the number of 

red blood cells, blood hemoglobin concentration, and hematocrit value 

compared with the control group. The results indicated that long-term oral 

exposure to low doses of AlCl3 promotes alterations in hematological 

indices. Bouasla et al., [3] reported that rats consuming diets with 34 

mg/kg AlCl3 added showed a significant decrease in RBCs, haemoglobin 

content, and MCHC when compared with the controls. Osama  et al., [6] 

reported that orally treatment of rats with 150 mg/kg body weight AlCl3 

daily for 4 weeks caused  a significant  (p< 0.05) decrease in RBCs count, 

hemoglobin concentration and hematocrit value, While MCV and MCHC 

levels were insignificantly changed in rats with AlCl3 compared to the 

controls. The erythrogram in this study revealed that AlCl3 treatment 

resulted in normocytic normochromic anemia. Also, Kadhum, [4] 

reported  that subcutaneous injection of male rats with 240, 320, and 400 

ppm from aluminum chloride for 45 days caused a significant decrease 

(P<0.05) in RBCs count, hemoglobin concentration, hematocrit value, 

MCV, and MCH as compared to the control group. Changes increased 

with an increase in the concentration of aluminum chloride injected.  

These alterations induced by AlCl3 may be attributed to a shortened life 

span of circulating erythrocytes and reduced RBCs production in bone 

marrow as a result of the oxidative stress as well as increase RBCs 

membrane fragility [6, 20]. The reduced level of hemoglobin 

concentration can be associated with RBCs hemolysis which is confirmed 

by reduced RBCs count [6]. The induced anemia may be related to 

inhibition of heme synthesis, either by inhibition of enzyme activity or 

interference with iron incorporation or utilization [6, 21, 22], and an 

increase in heme oxygenase activity [6, 23, 24]. In the biological system, 

aluminum ions replace iron ions,  reduce Fe+2 binding to ferritin and 

disturb hem synthesis [4, 25], The other cause of its inhibition of heme 

oxygenase, this enzyme necessary for hemoglobin formation series, 

stopped by the toxicity of aluminum and increase the destruction of RBCs 

and transformed to bilirubin [4, 26]. 

Once in the blood circulation, aluminum is mainly transported by plasma 

transferrin in its sites left vacant by iron, and to a much lesser extent by 

albumin [8, 27]. Aluminum has been found to induce microcytic anemia 

[28] or slightly hypochromic macrocytic anemia [8, 29]. The toxicity of 

aluminum increased free radicals in target organs such as the liver and 

inhibit glutathione enzyme in the liver. This important to maintain 

hemoglobin in red blood cell and increase removing of hydrogen peroxide 

(H2O2) and increase the lifetime of red blood cell [4, 30], reduction of 

some enzyme such as glutathione reductase, catalase, glucose-6-

phosphate dehydrogenase lead to accumulation of toxins inside red cells 

[4, 26]. 

In fact, according to the earlier reports [3, 31-33] this anaemia could be 

explained by the inhibition of erythropoiesis and/or haemoglobin 

synthesis reduction, the same reports indicate that AlCl3 could be 

interfering with Fe incorporation to the heme group witch induce Fe 

deficiency and reduce heme synthesis. Also, the observed microcytic 

anaemia might be due to an increase in the rate of erythrocytes destruction 

in haematopoietic organs. So, AlCl3 might be crossing the erythrocyte 

membrane which is a result of its ability to initiate a lipid peroxidation [2, 

3, 34, 35]. 

The decreases in Hct, Hb, MCV, and MCH may be due to protoporphyrin 

and it's necessary for hemoglobin formation, the presence of 

aminolivolinic acid in urine refers to the failure synthesis of hem caused 

by toxicity of aluminum [36]. The other cause of this result caused by 

effects of aluminum chloride on bone marrow, especially mothers cells of 

red blood cells. This lead to a decrease in RBCs count and hemoglobin 

and reflect on the hematocrit value [37] and caused anemia, a decrease in 

Hb, Hct, MCV, and MCH values has often been proven to be a serious 
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indicator of aluminum toxicity. Aluminum induced anemia is mainly 

related to changes in iron metabolism [8, 19, 34, 38]. Also, aluminum 

exposure significantly inhibited blood activity of enzyme δ- 

aminolevulinic acid dehydratase (δ-ALA-D) while increased zinc 

protoporphyrin confirming changed heme biosynthesis, which may be 

responsible for heme biosynthesis inhibition [8, 31, 39]. 

The current study showed that exposure of male rabbits to ALCl3 caused 

a significant increase in WBCs count, differential count of leukocytes, 

and platelets count when compared with the control group. These results 

run parallel to those reported by many previous studies [3, 6, 40-42]. 

Aluminum chloride treatments induce a highly significant (P<0.05) 

increase in white blood cell and differential leucocytes count especially 

lymphocyte and monocyte because aluminum chloride induces infections 

in target organs such as the liver, brain, kidney, spleen, and smooth 

muscle [40]. This result is reflected in the histopathological study of the 

spleen, we noted increases in white pulp and occurs bleeding and 

degeneration in spleen tissue. The cause of this destruction because the 

action of free radicals and increase in lipid peroxidation this process 

initiate tumor in target organ [4, 43]. Also, Joshi et al. [42] reported that 

oral administration of AlCl3 to male rats for 90 caused a significant 

increase in leukocytes count. Bouasla et al., [3] recorded that rats 

consuming diets with 34 mg/kg AlCl3 added showed a significant increase 

in WBCs count when compared with the controls. Also,  Osama  et al., 

[6] record that the total leukocytes and neutrophil counts were increased 

in rats treated orally by 150 mg/kg body weight AlCl3 daily for 4 weeks, 

which may indicate activation of the immune system [1, 6]. This increase 

might be indicative of the activation of defense and immune system 

showed that there were oedema and inflammation in the tissues [3, 35]. 

Kadhum, [4]  reported  that subcutaneous injection of male rats with 240, 

320, and 400 ppm from aluminum chloride for 45 days caused a 

significant increase (P<0.05) in WBCs count and differential leuKocytes 

count especially in lymphocyte. Changes increased with an increase in the 

concentration of aluminum chloride injected. The significant increase in 

white blood cell levels of aluminium-treated rats might indicate activation 

of the immune system, a normal cell-mediated immune response [1, 41]. 

The increase in lymphocytes could be due to the toxic action of the 

aluminium ion that stimulates the hemopoietic system to release more of 

these cells, causing an increase in their number in the blood stream [41]. 

On the other hand, El-Sharkawy et al., [8] recorded that a significant 

(P<0.05) decrease in leukocytes count, and lymphocytes percentage were 

obtained in aluminum chloride -exposed rabbits compared with control.  

Fenugreek has many active compounds, including flavonoids, steroid 

saponins, trigonelline, diosgenin, and 4-hydroxyisoleucine and 

polysaccharides, mainly galactomannans [15, 44 and 45]. These active 

compounds, enable fenugreek to have multiple pharmacological effects, 

including antioxidant, antidiabetic, antipyretic, anti-inflammatory, 

antineoplastic, CNS stimulant, and immunomodulatory effects [15, 46 

and 47]. 

The results of the current study showed that the co-administration of 

fenugreek seeds powder to male rabbits with aluminum chloride resulted 

in a significant improvement in hematological parameters. These findings 

were identical with those of Farman et al., [48] who reported that there 

was a significant increase in the levels of Hb, RBCs, and PCV after 7 days 

of fenugreek extract treatment. Also, Effraim et al., [49] recorded 

significant differences (P < 0.05) in hemoglobin concentration and red 

blood cells count. The findings of the current study were matched with 

Bravo, [50] whose result indicated that in animals which received 

fenugreek, RBCs count remained elevated, due to the antioxidant activity 

of flavonoids.  Moreover, the findings of the current study were identical 

with Ibrahium and Hegazy, [51], who concluded that the high iron content 

of fenugreek seed flour stimulated hemoglobin synthesis.  

Also, data obtained by Elseed et al., [52] showed significant differences 

(p<0.05) in lymphocyte, neutrophil, eosinophil, monocyte, and highly 

significant difference (p<0.05) in basophil ratios in response to fenugreek 

saponin ingestion.  Rosioru et al., [53] reported that treatment of rats with 

10% ethanol in drinking water for 30 days caused a significant increase 

in RBCs count, Hct value, and Hb concentration, WBCs count, and 

lymphocytes percentage and a decrease in neutrophils percentage as 

compared to the control animals. Addition of 10% fenugreek flour in the 

diet of ethanol-intoxicated rats for 30 days showed a tendency to restore 

the control values. The protective effect of fenugreek flavonoids on 

plasma membranes accounts for the lowering tendency of RBCs count in 

the ethanol+fenugreek group. However, in animals that received 

fenugreek RBCs count remained elevated, due to the antioxidant activity 

of flavonoids [50] present in fenugreek seeds, thereby elevating the 

antioxidant capacity of the blood. Other researchers [54], showing the 

influence of flavonoid compounds on RBCs count and related parameters, 

in Wistar rats. The high iron content of fenugreek seed flour [51] 

stimulated hemoglobin synthesis, even if rats were intoxicated with 

ethanol. Also, these findings were consistent with that of Abdel-Daim et 

al., [15] who demonstrated that rats treated with 15 mg/ kg bw 

deltamethrin orally showed a significant decrease in RBCs and platelet 

counts, hemoglobin concentration, and hematocrit value and a significant 

increase in leucocytes count when compared with the control group. But, 

co-administration of rats with fenugreek oil contained diets (2.5% and 

5%) and 15 mg/ kg bw deltamethrin orally resulted in a significant 

increase in RBCs and platelets counts, hemoglobin concentration and 

hematocrit value and a significant decrease in leucocytes count as 

compared with deltamethrin treated rats. Fenugreek oil kept the studied 

hematological parameters within normal ranges. Thus, including 

fenugreek oil in the diets of deltamethrin administrated rats prevented the 

oxidative stress induced by deltamethrin, which subsequently protects the 

immune and hemopiotic organs. These results indicated that fenugreek oil 

inhibited the toxic effects of deltamethrin on hematological parameters, 

and it appeared to be a promising protective agent against deltamethrin-

induced hematotoxicity. Regarding the effects of fenugreek oil on 

deltamethrin intoxication, the current results demonstrated that 

administration of rats with fenugreek oil at 2.5% of diet minimized the 

harmful effects of deltamethrin on rats’ hematological, biochemical and 

antioxidant status however, it did not return them to normal ranges. This 

may be due to the active ingredients in this dose of fenugreek oil were not 

sufficient to normalize the altered parameters [15]. Fenugreek oil has 

many ingredients that have antioxidant activities [14, 15], such 

ingredients enable fenugreek oil to ameliorate the altered hematological 

parameters in diabetic rats through its antioxidant properties [55]. The 

antioxidant and the protective effects of fenugreek oil are owed to their 

content of polyphenolic flavonoids, which have been shown to have 

antioxidant and free radical scavenging activities [15, 56, 57]. Fenugreek 

seeds powder reversed the adverse effects of diabetes induced by 

streptozotocin on serum levels of tissue antioxidant biomarker enzymes 

[58].  

The corrective effect of ginger extract on alterations of erythrogram and 

leukogram induced by aluminum toxicity may be attributed either due to 

its antioxidant activity as oil of ginger contain antioxidants such as 

polyphenol (6-gingerol and its derivatives), flavonoids and total tannin 
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which reduce or scavenge free radicals, or may be due to rebuilding 

activities of nutrient and phytochemicals found in the extract [6, 59]. Al-

Amri and Alrasheedi, [12] reported that Feeding of rats on a diet 

supplemented with fenugreek seeds at a concentration of 5% before and 

after 14 days of irradiation exposure significantly increased hemoglobin 

and lymphocytes percentage compared to the control group. Also, it was 

demonstrated the role of fenugreek seeds in protecting the spleen and 

increased lymphocyte, suggesting that fenugreek seeds might improve 

immunity. These observations are in agreement with those obtained by 

Sindhu et al., [60] and Kandhare et al. [61], who reported that fenugreek 

seeds influenced the hemoglobin and lymphocytes count, improving 

hematopoietic function. Abdel-Rahman et al., [62] reported that lactating 

female rabbits treated with fenugreek germinated and powdered seeds 

showed a significant increase in RBCs count, Hb concentration Hct, and 

MCH values. During the first lactation, period, all treated groups showed 

a significant reduction of WBCS count. While, animals administered 

germinated seeds and powdered seeds of fenugreek were showed a 

significant increase in WBCS count compared to the control group during 

the second lactation period. i.e. administration of fenugreek-germinated 

seeds; oil or powdered seeds to lactating female rabbits were improved 

RBCs count, Hct, Hb, blood indices, WBCs count and differential white 

blood cells count. So, the authors suggested that the administration of 

fenugreek-germinated seeds; oil, or powdered seeds were responsible for 

improvement of Immunological profile through increase phagocytic 

index, phagocytic capacity of macrophages, and humoral immunity. 

Abdel-Rahman et al., [62] suggested that the administration of seed and 

germinated fenugreek that contain high iron content stimulated 

hemoglobin synthesis beside the antioxidant activity of flavonoids were 

responsible for the improvement of the complete blood count of lactating 

female rabbits. Also, fenugreek bears the potential of a powerful 

antioxidant activity been evaluated in human erythrocytes by the exposure 

to fenugreek seeds extract which showed protective effects against 

hydrogen peroxide-induced oxidation by protecting the erythrocytes from 

hemolysis and lipid peroxidation due to the presence of flavonoids and 

polyphenols [63]. Pradeep and Srinivasan, [64] reported that 

streptozotocin-induced diabetic rats caused a significant decrease in 

RBCs count, Hb concentration, MCV, Hct value, MCH, MCHC, and 

platelets count in diabetic rats.  Hyperglycemia increases the production 

of free radicals and oxidative stress that in turn is a cause of cellular 

dysfunction.  Dietary fenugreek seeds (100 g/kg) and onion (30 g/kg) 

treatment of streptozotocin-induced diabetic rats, appeared to counter the 

deformity of erythrocytes partially in diabetic rats by their antioxidant 

potential. Dietary fenugreek seeds and onion caused a decrease in 

glycated haemoglobin [65] and a nephro-protective [66] probably 

mediated by stimulating erythropoietin which enhances rapid synthesis of 

RBCs as indicated by the improved level of MCH and MCHC in diabetes 

treated groups. 

Elghazaly et al., [67] reported that treatment of rats with streptozotocin 

induced a decrease in RBC count, Ht value, Hb concentration, MCHC 

value, platelets count, total WBCs, monocytes, and lymphocytes and an 

increase in the percentage of eosinophils and neutrophils. The 

combination treatment of rats with Glimepiride and a fenugreek aqueous 

extract in streptozotocin induced diabetic in male albino rats for eight 

weeks caused an improvement in RBC count, Ht value, Hb concentration, 

MCHC value, and platelets count, total WBCs, monocytes, lymphocytes, 

the percentage of eosinophils and neutrophils compared to normal 

control. The results showed that the combination therapy induces better 

hematological and improves the oxidative stress biomarkers and 

antioxidant enzymes. Fenugreek contains iron and it can improve anemia 

conditions [67]. The antioxidant property of fenugreek [68] inhibits lipid 

peroxidation of the erythrocytes. Improvement in platelet count may be 

due to the inhibitory activity of certain constituents of fenugreek on 

platelet aggregation [67, 69]. Fenugreek seeds may be improving 

immunity because they play a role in protecting the spleen and increasing 

the lymphocytes [60,   61 and 67]. 

6. Conclusion 

The results showed that administration of rabbits with aluminum chloride 

caused a hematotoxicity, and co-administration of fenugreek seeds 

powder with AlCl3 alleviate the hematotoxicity induced by AlCl3. The use 

of fenugreek seeds powder by humans can be considered beneficial in the 

alleviation of hematotoxicity. It is recommended that humans exposed to 

AlCl3 should be advised to take Fenugreek seeds powder as a rich source 

of antioxidant to prevent hematotoxicity induced by AlCl3.  Further 

studies are necessary to elucidate exact mechanism of the anti-

hematotoxic effect of Fenugreek seeds powder and potential usefulness 

of fenugreek seeds powder as a protective agent against AlCl3 induced 

hematotoxicity in clinical trials.    

References 

1. El-Demerdash FM. (2004) Antioxidant effect of vitamin E and 

selenium on lipid peroxidation, enzyme activities and biochemical 

parameters in rats exposed to aluminium. J Trace Elem Med Biol., 

18: 113-122. 

2. Lukyanenko LM, Skarabahatava AS, Slobozhanina EI, Kovaliova 

SA, and Falcioni ML, (2013) In vitro effect of AlCl3 on human 

erythrocytes: changes in membrane morphology and 

functionality. J Trace Elem Med Biol., 27: 160-167. 

3. Bouasla, I., Bouasla, A., Boumendjel, A., El Feki, A., and 

Messarah, M. (2014) Antioxidant effect of alpha lipoic acid on 

hepatotoxicity induced by aluminium chloride in rats. Int J Pharm 

Sci Rev Res., 29(2): 19-25. 

4. Kadhum, SAH. (2017) Effects of aluminum chloride on the some 

blood parameters and histological spleen in white male rats. J 

Univ Babylon Pure Appl Sci., 25(5): 1886-1895. 

5. Oteiza PL, Keen CL, Han B, and Golub MS. (1993) Aluminum 

accumulation and neurotoxicity in swiss-webster mice after long-

term dietary exposue to aluminum and citrate. Metab. 42: 1296-

1300. 

6. Osama, A., Fatma, A., Mohamed, E., and Huda, S. (2014) Studies 

on the protective effects of ginger extract and in combination with 

ascorbic acid against aluminum toxicity induced hematological 

disorders, oxidative stress and hepatorenal damage in rats. Ann Vet 

Anim Sci., 1: 137-150. 

7. Sharma P, and Mishra KP. (2006) Aluminum-induced maternal 

and developmental toxicity and oxidative stress in rat brain: 

response to combined administration of Tiron and glutathione. 

Reprod Toxicol. 21:313–321. 

8. El-Sharkawy, Eman E., Ahmed DY, and Elnisr. NA. (2013) 

Influence of chelating therapy against aluminum chloride-induced 

immune suppression and hematological disorders in rabbits. 

Comp Clin Pathol., 22(1): 63-73. 

9. Missel JR, Schetinger MR, Gioda CR, Bohrer DN, Pacholski IL, 

et al. (2005) Chelating effect of novel pyrimidines in a model of 

aluminum intoxication. J Inorg Biochem., 99(9):1853–1857. 

10. Shitaw KN. (2015) Studies on the levels of fluoride in selected 

spices cultivated and consumed in Ethiopia. Master of Science in 

Analytical Chemistry, Department of Chemistry, College of 

Natural Sciences, Addis Ababa University. 

https://pubmed.ncbi.nlm.nih.gov/15487771/
https://pubmed.ncbi.nlm.nih.gov/15487771/
https://pubmed.ncbi.nlm.nih.gov/15487771/
https://pubmed.ncbi.nlm.nih.gov/15487771/
https://pubmed.ncbi.nlm.nih.gov/23199702/
https://pubmed.ncbi.nlm.nih.gov/23199702/
https://pubmed.ncbi.nlm.nih.gov/23199702/
https://pubmed.ncbi.nlm.nih.gov/23199702/
https://www.researchgate.net/publication/279197343_Antioxidant_Effect_of_Alpha_Lipoic_Acid_on_Hepatotoxicity_induced_by_Aluminium_Chloride_in_Rats
https://www.researchgate.net/publication/279197343_Antioxidant_Effect_of_Alpha_Lipoic_Acid_on_Hepatotoxicity_induced_by_Aluminium_Chloride_in_Rats
https://www.researchgate.net/publication/279197343_Antioxidant_Effect_of_Alpha_Lipoic_Acid_on_Hepatotoxicity_induced_by_Aluminium_Chloride_in_Rats
https://www.researchgate.net/publication/279197343_Antioxidant_Effect_of_Alpha_Lipoic_Acid_on_Hepatotoxicity_induced_by_Aluminium_Chloride_in_Rats
https://www.journalofbabylon.com/index.php/JUBPAS/article/view/285
https://www.journalofbabylon.com/index.php/JUBPAS/article/view/285
https://www.journalofbabylon.com/index.php/JUBPAS/article/view/285
https://pubmed.ncbi.nlm.nih.gov/8412742/#:~:text=In%20summary%2C%20feeding%20of%20Al,early%20manifestation%20of%20Al%20toxicity.
https://pubmed.ncbi.nlm.nih.gov/8412742/#:~:text=In%20summary%2C%20feeding%20of%20Al,early%20manifestation%20of%20Al%20toxicity.
https://pubmed.ncbi.nlm.nih.gov/8412742/#:~:text=In%20summary%2C%20feeding%20of%20Al,early%20manifestation%20of%20Al%20toxicity.
https://pubmed.ncbi.nlm.nih.gov/8412742/#:~:text=In%20summary%2C%20feeding%20of%20Al,early%20manifestation%20of%20Al%20toxicity.
https://www.researchgate.net/publication/271271968_Studies_on_the_Protective_Effects_of_Ginger_Extract_and_in_Combination_with_Ascorbic_Acid_against_Aluminum_Toxicity_Induced_Hematological_Disorders_Oxidative_Stress_and_Hepatorenal_Damage_in_Rats
https://www.researchgate.net/publication/271271968_Studies_on_the_Protective_Effects_of_Ginger_Extract_and_in_Combination_with_Ascorbic_Acid_against_Aluminum_Toxicity_Induced_Hematological_Disorders_Oxidative_Stress_and_Hepatorenal_Damage_in_Rats
https://www.researchgate.net/publication/271271968_Studies_on_the_Protective_Effects_of_Ginger_Extract_and_in_Combination_with_Ascorbic_Acid_against_Aluminum_Toxicity_Induced_Hematological_Disorders_Oxidative_Stress_and_Hepatorenal_Damage_in_Rats
https://www.researchgate.net/publication/271271968_Studies_on_the_Protective_Effects_of_Ginger_Extract_and_in_Combination_with_Ascorbic_Acid_against_Aluminum_Toxicity_Induced_Hematological_Disorders_Oxidative_Stress_and_Hepatorenal_Damage_in_Rats
https://www.researchgate.net/publication/271271968_Studies_on_the_Protective_Effects_of_Ginger_Extract_and_in_Combination_with_Ascorbic_Acid_against_Aluminum_Toxicity_Induced_Hematological_Disorders_Oxidative_Stress_and_Hepatorenal_Damage_in_Rats
https://www.sciencedirect.com/science/article/abs/pii/S0890623805001309
https://www.sciencedirect.com/science/article/abs/pii/S0890623805001309
https://www.sciencedirect.com/science/article/abs/pii/S0890623805001309
https://www.sciencedirect.com/science/article/abs/pii/S0890623805001309
https://link.springer.com/article/10.1007/s00580-011-1369-2
https://link.springer.com/article/10.1007/s00580-011-1369-2
https://link.springer.com/article/10.1007/s00580-011-1369-2
https://link.springer.com/article/10.1007/s00580-011-1369-2
https://pubmed.ncbi.nlm.nih.gov/16098596/
https://pubmed.ncbi.nlm.nih.gov/16098596/
https://pubmed.ncbi.nlm.nih.gov/16098596/


J Biotechnology and Bioprocessing                                                                                                                                                              Copy rights@ Azab Elsayed Azab et.al. 
 

 
Auctores Publishing – Volume 2(4)-035 www.auctoresonline.org  

ISSN: 2766-2314   Page 8 of 9 

11. Yadav UC and Baquer NZ. (2014) Pharmacological effects of 

Trigonella-foenum-graecum L. in health and disease. Pharm Biol., 

52: 243-254. 

12. Al-Amri S and Alrasheedi A. (2016) Effect of fenugreek seeds on 

haematogenesis in irradiated rats. World Appl Sci J. 34(2): 147-

157. 

13. Anuradha, C.V. and Ravikumar P. (1998) Anti lipid peroxidative 

activity of seeds of fenugreek (Trigonella- foenum-graecum). Med 

Sci Res., 26: 317-321. 

14. Arivalagan, M., Gangopadhyay, K. K., and Kumar, G. (2013) 

Determination of steroidal saponins and fixed oil content in 

fenugreek (Trigonella foenum-graecum) genotypes. Indian J 

Pharm Sci, 75(1): 110-113. 

15. Abdel-Daim, M.M., Abd Eldaim, M.A., Mahmoud, M.M. (2014) 

Trigonella foenum-graecum protection against deltamethrin-

induced toxic effects on haematological, biochemical, and 

oxidative stress parameters in rats. Canadian J Physiol 

Pharmacol., 92(8): 679-685. 

16. Wong SY (1922) Colorimetric determination of iron and 

hemoglobin in blood. J Bio Chem., 77: 409. 

17. Schalm, OW (1986) Veterinary haematology, fourth ed. Lea and 

Febiger, Philadelphia. pp. 21-86. 

18. Feldman BF, Zinkl JG, and Jain VC. (2000) Schalm's Veterinary 

Hematology 5th ed. Lippincott Williams and Wilkins. Canada. 

19. Turgut GB, Kaptanoglu S, Turgut Y, and Genc EO. (2004) Effect 

of chronic aluminum administration on blood and liver iron 

related parameters in mice. Yonsei Med J., 45(1): 135–139. 

20. Al-Hashem F. (2009) Camel's Milk Protects against Aluminum 

induced normocytic normochromic anemia, lipid peroxidation 

and oxidative stress in erythrocyte of white albino rats. Amer J 

Biochem Biotechnol. 5 (3): 127-136.  

21. Ganchev T, Dyankov E, Zacharieva R, Pachalieva I, Velikova M, 

and Kavaldjieva B. (1998) Influence of aluminium on 

erythropoiesis, iron metabolism and some functional 

characteristics of erythrocytes in rats. Acta Physiol Pharmacol 

Bulgarica. 23:27–31. 

22. Han J, and Dunn MA. (2000) Effect of dietary aluminum on tissue 

non-heme iron and ferritin levels in the chick. Toxicol. 142(2): 97-

109. 

23. Fulton B, and Jeffery EH. (1994) Heme oxygenase induction: a 

possible factor in aluminum-associated anemia. Biolo Trace 

Element Res., 40:9–19.  

24. Chmielnicka J, Nasiadek M, Lewandowska-Zyndul E. (1996) 

Effect of aluminium on hematopoiesis after intraperitoneal 

exposure in rats. Ecotoxicol Environ Saf, 33: 201–206. 

25. Yakubu, O.E.; Nwodo, O.F.C.; Imo, C., and Ogwoni, H.A. (2017) 

Spermatogenic and haematological effects of aqueous and 

ethanolic extrats of Hymenocardia acid stem bark on Aluminum-

induced toxicity in male wistar rats. Imed. Pub. J., 2 (1): 1-5. 

26. Kalaiselve, A.; Aadhinaath Reddy, G., and Ramalingam, V. 

(2015) Effect of alumnium chloride and protective effects of 

ginger extract on hematological profiles in male wistar rats. Int. J. 

Pharm. Phytopharmacol. Res., 4 (4): 218-222. 

27. Farina M, Lara FS, Brandão R, Jacques R, and Rocha JB. (2002) 

Effects of aluminum sulfate on erythropoiesis in rats. Toxicol 

Lett., 132:131–139. 

28. Kaiser L, Schowartz K, Burnatowska-Hledin MA, and Mayor G. 

(1984) Microcytic anemia secondary to intraperitoneal aluminum 

in normal and uremic rats. Kidney Int., 26:269–274. 

29. Drueke TB, Lacour M, Touam B, Jucquel JP, Plachot JJ, Cournot- 

Witmer G, and Galle P. (1986) Effects of aluminum on 

hematopoiesis. Kidney, 29: 45-48. 

30. Buraimoh, A.A.; Ojo, S.A.; Hambolu, J.O. and Adebisi, S.S. 

(2011) Effects of oral administration of Aluminum chloride on the 

histology of the hippocampus of wistar rats. Curr. Res. J. Biol. 

Sci., 3: 509-515. 

31. Flora SJ, Mehta A, Satasangi K, Kannan GM, and Gupta M. 

(2003) Aluminum-induced oxidative stress in rat brain: response 

to combined administration of citric acid and HEDTA. Comp 

Biochem Physiol C Toxicol Pharmacol., 134(3): 319–328. 

32. Shrivastava S. (2012) Combined effect of HEDTA and selenium 

against aluminium induced oxidative stress in rat brain, J Trace 

Elem Med Biol, 26: 210-214. 

33. Farina M, Ratta LN, Soares FAA, Jardim F, Jacques R, Souza DO, 

and Rocha JBT, (2005) Haematological changes in rats 

chronically exposed to oral aluminium, Toxicol., 209: 29-37. 

34. Kawahara, M.; Konoha, K.; Nagata, T. and Sadakane, Y. (2007) 

Aluminum and human health: its intake, bioavailability and 

neurotoxicity. Biomed. Res. Trace Elements, 18 (3): 211-220. 

35. Mahdy KA, and Farrag ARH, (2009) Amelioration of aluminium 

toxicity with black seed supplement on rats, Toxicol Environ 

Chem, 91: 567-579. 

36. Kawahara, M.; Konoha, K.; Nagata, T. and Sadakane, Y. (2007) 

Aluminum and human health: its intake, bioavailability and 

neurotoxicity. Biomed. Res. Trace Elements. 18 (3): 211-220. 

37. Mahieu S, Contini MC, Gonzales M, Millen N, Elias MM. (2000) 

Aluminum toxicity. Hematological effects. Toxicol Lett., 

111:235–242. 

38. Nasiadek M, Chmielnicka J, and Subdys J. (2001) Analysis of 

urinaryphorphyrins in rats exposed to aluminum and iron. 

Ecotoxicol Environ Safety, 48(1): 11–17. 

39. Sassa S, Fujita H, and Kappas A. (1989) Genetic and chemical 

influences on heme biosynthesis. Highlights Mod Bioch., 1: 329–

338. 

40. Mukherjee, S., and Bhattacharya, S. (1975) Histopathological 

lesion in hepatopencreas of fishes exposed to industrial pollutant. 

India J. Exp. Biol., 13: 571-873. 

41. Aziz, II Abdel, and Baker M. Zabut. (2011) Determination of 

blood indices of albino rats treated with aluminum chloride and 

investigation of antioxidant effects of vitamin E and C. Egyptian 

J Biol., 13: 1-7.  

42. Joshi DK, Choudhary M, Tripathi S, Negi MPS, and Mahdi AA. 

(2013) Age dependent relative risk of aluminum toxicity: Levels 

of metals and enzymic and non enzymic antioxidants status in 

liver, kidney and brain of aluminum treated young and old rats. 

Inter J Biolo Pharm Res., 4(3): 176-185.  

43. Buraimoh, A.A.; Ojo, S.A.; Hambolu, J.O. and Adebisi, S.S. 

(2012) Effects of Aluminum chloride exposure on the histology of 

the liver adult wistar rats. IOSR Journal of Pharm., 2 (3):525-533. 

44. Sauvaire, Y., Baissac, Y., Leconte, O., Petit, P.,  and  Ribes, G. 

(1996) Steroid saponins from fenugreek and some of their 

biological properties. Adv Exp Med Biol, 405:  37-46. 

45. Uemura, T., Hirai, S., Mizoguchi, N., Goto, T., Lee, J. Y., et al. 

(2010) Diosgenin present in fenugreek improves glucose 

metabolism by promoting adipocyte differentiation and inhibiting 

inflammation in adipose tissues. Mol Nutr Food Res., 54(11): 

1596-1608. 

46. Ulbricht, C., Basch, E., Burke, D., Cheung, L., Ernst, E., et al. 

(2007) Fenugreek (Trigonella foenum-graecum L. Leguminosae): 

an evidence-based systematic review by the 513 natural standard 

research collaboration. J Herb Pharmacother, 7(3-4): 143-177. 

47. Roberts, K.T. (2011) The potential of fenugreek (Trigonella 

foenum-graecum) as a functional food and nutraceutical and its 

effects on glycemia and lipidemia. J Med Food, 14(12): 1485-

1489. 

48. Farman UK, Durrani FR, Asad S, Rifat UK, and Shabana N. 

(2009) Effect of fenugreek (Trigonella foenum-graecum) seed 

https://pubmed.ncbi.nlm.nih.gov/24102093/#:~:text=Besides%20its%20known%20medicinal%20properties,%2C%20antifungal%2C%20antiulcer%2C%20antilithigenic%2C
https://pubmed.ncbi.nlm.nih.gov/24102093/#:~:text=Besides%20its%20known%20medicinal%20properties,%2C%20antifungal%2C%20antiulcer%2C%20antilithigenic%2C
https://pubmed.ncbi.nlm.nih.gov/24102093/#:~:text=Besides%20its%20known%20medicinal%20properties,%2C%20antifungal%2C%20antiulcer%2C%20antilithigenic%2C
https://www.researchgate.net/publication/329686844_Effect_of_Fenugreek_Seeds_on_Haematogenesis_in_Irradiated_Rats
https://www.researchgate.net/publication/329686844_Effect_of_Fenugreek_Seeds_on_Haematogenesis_in_Irradiated_Rats
https://www.researchgate.net/publication/329686844_Effect_of_Fenugreek_Seeds_on_Haematogenesis_in_Irradiated_Rats
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3719140/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3719140/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3719140/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3719140/
https://pubmed.ncbi.nlm.nih.gov/25029214/
https://pubmed.ncbi.nlm.nih.gov/25029214/
https://pubmed.ncbi.nlm.nih.gov/25029214/
https://pubmed.ncbi.nlm.nih.gov/25029214/
https://pubmed.ncbi.nlm.nih.gov/25029214/
https://pdf.sciencedirectassets.com/778417/1-s2.0-S0021925818X81137/1-s2.0-S0021925818856605/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEH4aCXVzLWVhc3QtMSJIMEYCIQC3T08gvdE%2BIgOCBefV3EhsR717HwuTW0zrvYOtQg%2BmEwIhANuWiuIHJRAPSG1QLu9Q6DGto2BT3tkBnhUhAfIb%2FH%2FiKr0DCLf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEQAxoMMDU5MDAzNTQ2ODY1Igyxtv%2FSpsmlQoCnEakqkQMWHQm9U0ejrtsi6PlxjfUeBlfwV2Xee9mhVrTSOiQ9PUvDBbZYOWzXdzm65WScWKfyPc8fZLZtHa0o2N8GSosrwQIidW%2BapruVhOOZ1w6VCBaUk8XJwl05lzkIW9xR7NOjUIC5t6vNDXtnA%2BwABDlz8EZ%2BD3XJ55lRPtrIoTWFD%2BULHEvFivfMseMcNp8uqtbfvEmItqD%2Buoqq23Uz%2FCDevG5L2iqxYo%2F9bekdys7SkAMHh8Ugrcere9UKRuTbAZ%2Bm9%2By5cIoQqli46O965hm0Iz6XnikreNClH8VmuA8%2BqtS6c7uz6QWStf6jzFvPq6vM7BRKK%2FG6sqOKWoXFD65OUyUW%2FbRsgFMrcH5LdAUB4Vw%2FayDbElsyuyGfjZI2z7Dphw%2BVE0DQLzz1Vv6ggMG2AvjNCFshHERv9LjFbLIIpTQwyc%2Bfhiv4lZLbZqleAD6WPne748swlNuFBCuMB9w5C%2BMfgWBZh0KtBrZwlDun3o4Nl%2F8ee7ujlotXJE3d0XFQ1ZVe%2BDQd%2BWW9k9HBKs7ChDDcheaCBjrqAeFirpNxGmymMqb29dQzRJh0l7Qus1Cd4cG0tSXrD%2B0C9RxPjJYEIfdTtBK8CQTjHRF3uUEGAyupQOitPQmXfe321Z3V5Iapqw1mnoGngBZcSlVyVG6c%2Bg2rJ0%2B88xxY%2BnGo7XXPwO60J%2F8Cas4P%2FlY9oHYk2zt3uyI72Wy8pFWg1W3WXfbmVdcGqW9pGMcQFdO87UilrA%2FS4ZBFQsIKeTgjvuFR4YXn3CaoizT03V6EU%2F48eQPMTh2s9su22HhWMag%2FdWLpMsJ%2BuVV8M6XmRRB3DffgRhv1tBin8ft1JNoaPs2YVIaX6z%2FjKw%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20210323T065404Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY4SL5E572%2F20210323%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=f8f20443f453be2bbc0986df09317bf9a30198124d4de062cf2bfb5248db69e3&hash=5be7df53199e9e79f104c121b3322223d55d0ac7b88b48331ad816107136b21f&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0021925818856605&tid=spdf-7199ff55-73fa-47ec-a69e-4e3171759fbe&sid=f15f83e63c08644d06087b36e83d53d310f5gxrqb&type=client
https://pdf.sciencedirectassets.com/778417/1-s2.0-S0021925818X81137/1-s2.0-S0021925818856605/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEH4aCXVzLWVhc3QtMSJIMEYCIQC3T08gvdE%2BIgOCBefV3EhsR717HwuTW0zrvYOtQg%2BmEwIhANuWiuIHJRAPSG1QLu9Q6DGto2BT3tkBnhUhAfIb%2FH%2FiKr0DCLf%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEQAxoMMDU5MDAzNTQ2ODY1Igyxtv%2FSpsmlQoCnEakqkQMWHQm9U0ejrtsi6PlxjfUeBlfwV2Xee9mhVrTSOiQ9PUvDBbZYOWzXdzm65WScWKfyPc8fZLZtHa0o2N8GSosrwQIidW%2BapruVhOOZ1w6VCBaUk8XJwl05lzkIW9xR7NOjUIC5t6vNDXtnA%2BwABDlz8EZ%2BD3XJ55lRPtrIoTWFD%2BULHEvFivfMseMcNp8uqtbfvEmItqD%2Buoqq23Uz%2FCDevG5L2iqxYo%2F9bekdys7SkAMHh8Ugrcere9UKRuTbAZ%2Bm9%2By5cIoQqli46O965hm0Iz6XnikreNClH8VmuA8%2BqtS6c7uz6QWStf6jzFvPq6vM7BRKK%2FG6sqOKWoXFD65OUyUW%2FbRsgFMrcH5LdAUB4Vw%2FayDbElsyuyGfjZI2z7Dphw%2BVE0DQLzz1Vv6ggMG2AvjNCFshHERv9LjFbLIIpTQwyc%2Bfhiv4lZLbZqleAD6WPne748swlNuFBCuMB9w5C%2BMfgWBZh0KtBrZwlDun3o4Nl%2F8ee7ujlotXJE3d0XFQ1ZVe%2BDQd%2BWW9k9HBKs7ChDDcheaCBjrqAeFirpNxGmymMqb29dQzRJh0l7Qus1Cd4cG0tSXrD%2B0C9RxPjJYEIfdTtBK8CQTjHRF3uUEGAyupQOitPQmXfe321Z3V5Iapqw1mnoGngBZcSlVyVG6c%2Bg2rJ0%2B88xxY%2BnGo7XXPwO60J%2F8Cas4P%2FlY9oHYk2zt3uyI72Wy8pFWg1W3WXfbmVdcGqW9pGMcQFdO87UilrA%2FS4ZBFQsIKeTgjvuFR4YXn3CaoizT03V6EU%2F48eQPMTh2s9su22HhWMag%2FdWLpMsJ%2BuVV8M6XmRRB3DffgRhv1tBin8ft1JNoaPs2YVIaX6z%2FjKw%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20210323T065404Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY4SL5E572%2F20210323%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=f8f20443f453be2bbc0986df09317bf9a30198124d4de062cf2bfb5248db69e3&hash=5be7df53199e9e79f104c121b3322223d55d0ac7b88b48331ad816107136b21f&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0021925818856605&tid=spdf-7199ff55-73fa-47ec-a69e-4e3171759fbe&sid=f15f83e63c08644d06087b36e83d53d310f5gxrqb&type=client
https://www.worldcat.org/title/schalms-veterinary-hematology/oclc/43050236
https://www.worldcat.org/title/schalms-veterinary-hematology/oclc/43050236
https://pubmed.ncbi.nlm.nih.gov/15004880/#:~:text=In%20conclusion%2C%20no%20changes%20occurred,liver%20parameters%20caused%20by%20Al.
https://pubmed.ncbi.nlm.nih.gov/15004880/#:~:text=In%20conclusion%2C%20no%20changes%20occurred,liver%20parameters%20caused%20by%20Al.
https://pubmed.ncbi.nlm.nih.gov/15004880/#:~:text=In%20conclusion%2C%20no%20changes%20occurred,liver%20parameters%20caused%20by%20Al.
https://thescipub.com/abstract/ajbbsp.2009.126.136
https://thescipub.com/abstract/ajbbsp.2009.126.136
https://thescipub.com/abstract/ajbbsp.2009.126.136
https://thescipub.com/abstract/ajbbsp.2009.126.136
https://pubmed.ncbi.nlm.nih.gov/10347617/
https://pubmed.ncbi.nlm.nih.gov/10347617/
https://pubmed.ncbi.nlm.nih.gov/10347617/
https://pubmed.ncbi.nlm.nih.gov/10347617/
https://pubmed.ncbi.nlm.nih.gov/10347617/
https://pubmed.ncbi.nlm.nih.gov/10685509/#:~:text=These%20findings%20are%20consistent%20with,sequestration%20of%20iron%20within%20cells.
https://pubmed.ncbi.nlm.nih.gov/10685509/#:~:text=These%20findings%20are%20consistent%20with,sequestration%20of%20iron%20within%20cells.
https://pubmed.ncbi.nlm.nih.gov/10685509/#:~:text=These%20findings%20are%20consistent%20with,sequestration%20of%20iron%20within%20cells.
https://pubmed.ncbi.nlm.nih.gov/10685509/#:~:text=These%20findings%20are%20consistent%20with,sequestration%20of%20iron%20within%20cells.
https://pubmed.ncbi.nlm.nih.gov/7511925/
https://pubmed.ncbi.nlm.nih.gov/7511925/
https://pubmed.ncbi.nlm.nih.gov/7511925/
https://pubmed.ncbi.nlm.nih.gov/8727512/
https://pubmed.ncbi.nlm.nih.gov/8727512/
https://pubmed.ncbi.nlm.nih.gov/8727512/
https://biomedicine.imedpub.com/spermatogenic-and-haematological-effects-of-aqueous-and-ethanolic-extracts-of-hymenocardia-acida-stem-bark-on-aluminiuminduced-tox.php?aid=18424
https://biomedicine.imedpub.com/spermatogenic-and-haematological-effects-of-aqueous-and-ethanolic-extracts-of-hymenocardia-acida-stem-bark-on-aluminiuminduced-tox.php?aid=18424
https://biomedicine.imedpub.com/spermatogenic-and-haematological-effects-of-aqueous-and-ethanolic-extracts-of-hymenocardia-acida-stem-bark-on-aluminiuminduced-tox.php?aid=18424
https://biomedicine.imedpub.com/spermatogenic-and-haematological-effects-of-aqueous-and-ethanolic-extracts-of-hymenocardia-acida-stem-bark-on-aluminiuminduced-tox.php?aid=18424
https://eijppr.com/en/article/effect-of-aluminium-chloride-and-protective-effect-of-ginger-extract-on-hematological-profiles-in-male-wistar-rats
https://eijppr.com/en/article/effect-of-aluminium-chloride-and-protective-effect-of-ginger-extract-on-hematological-profiles-in-male-wistar-rats
https://eijppr.com/en/article/effect-of-aluminium-chloride-and-protective-effect-of-ginger-extract-on-hematological-profiles-in-male-wistar-rats
https://eijppr.com/en/article/effect-of-aluminium-chloride-and-protective-effect-of-ginger-extract-on-hematological-profiles-in-male-wistar-rats
https://pubmed.ncbi.nlm.nih.gov/12044547/#:~:text=Renal%20and%20cerebral%20aluminum%20concentrations,of%20alterations%20in%20iron%20status.
https://pubmed.ncbi.nlm.nih.gov/12044547/#:~:text=Renal%20and%20cerebral%20aluminum%20concentrations,of%20alterations%20in%20iron%20status.
https://pubmed.ncbi.nlm.nih.gov/12044547/#:~:text=Renal%20and%20cerebral%20aluminum%20concentrations,of%20alterations%20in%20iron%20status.
https://pubmed.ncbi.nlm.nih.gov/6513272/
https://pubmed.ncbi.nlm.nih.gov/6513272/
https://pubmed.ncbi.nlm.nih.gov/6513272/
https://pubmed.ncbi.nlm.nih.gov/3457995/
https://pubmed.ncbi.nlm.nih.gov/3457995/
https://pubmed.ncbi.nlm.nih.gov/3457995/
https://www.researchgate.net/publication/309032087_Effects_of_oral_administration_of_aluminium_chloride_on_the_histology_of_the_hippocampus_of_Wistar_rats
https://www.researchgate.net/publication/309032087_Effects_of_oral_administration_of_aluminium_chloride_on_the_histology_of_the_hippocampus_of_Wistar_rats
https://www.researchgate.net/publication/309032087_Effects_of_oral_administration_of_aluminium_chloride_on_the_histology_of_the_hippocampus_of_Wistar_rats
https://www.researchgate.net/publication/309032087_Effects_of_oral_administration_of_aluminium_chloride_on_the_histology_of_the_hippocampus_of_Wistar_rats
https://pubmed.ncbi.nlm.nih.gov/12643979/#:~:text=Glutathione%20peroxidase%20activity%20showed%20a,blood%20and%20brain%20aluminum%20burden.
https://pubmed.ncbi.nlm.nih.gov/12643979/#:~:text=Glutathione%20peroxidase%20activity%20showed%20a,blood%20and%20brain%20aluminum%20burden.
https://pubmed.ncbi.nlm.nih.gov/12643979/#:~:text=Glutathione%20peroxidase%20activity%20showed%20a,blood%20and%20brain%20aluminum%20burden.
https://pubmed.ncbi.nlm.nih.gov/12643979/#:~:text=Glutathione%20peroxidase%20activity%20showed%20a,blood%20and%20brain%20aluminum%20burden.
https://pubmed.ncbi.nlm.nih.gov/22575537/
https://pubmed.ncbi.nlm.nih.gov/22575537/
https://pubmed.ncbi.nlm.nih.gov/22575537/
https://pubmed.ncbi.nlm.nih.gov/15725511/#:~:text=After%20the%20treatment%20period%20(18,rats%20from%20the%20control%20group.&text=Conversely%2C%20aluminum%20exposure%20increased%20delta,D%20activity%20in%20bone%20marrow.
https://pubmed.ncbi.nlm.nih.gov/15725511/#:~:text=After%20the%20treatment%20period%20(18,rats%20from%20the%20control%20group.&text=Conversely%2C%20aluminum%20exposure%20increased%20delta,D%20activity%20in%20bone%20marrow.
https://pubmed.ncbi.nlm.nih.gov/15725511/#:~:text=After%20the%20treatment%20period%20(18,rats%20from%20the%20control%20group.&text=Conversely%2C%20aluminum%20exposure%20increased%20delta,D%20activity%20in%20bone%20marrow.
https://www.jstage.jst.go.jp/article/brte/18/3/18_3_211/_pdf
https://www.jstage.jst.go.jp/article/brte/18/3/18_3_211/_pdf
https://www.jstage.jst.go.jp/article/brte/18/3/18_3_211/_pdf
https://www.tandfonline.com/doi/abs/10.1080/02772240802259378#:~:text=Amelioration%20of%20aluminum%20toxicity%20with%20black%20seed%20supplement%20on%20rats,-Full%20Article&text=The%20possible%20ameliorative%20effect%20of%20black%20seed%20(Nigella%20sativa%20L.)&text=Co%2Dadministration%20of%20black%20seed,reduction
https://www.tandfonline.com/doi/abs/10.1080/02772240802259378#:~:text=Amelioration%20of%20aluminum%20toxicity%20with%20black%20seed%20supplement%20on%20rats,-Full%20Article&text=The%20possible%20ameliorative%20effect%20of%20black%20seed%20(Nigella%20sativa%20L.)&text=Co%2Dadministration%20of%20black%20seed,reduction
https://www.tandfonline.com/doi/abs/10.1080/02772240802259378#:~:text=Amelioration%20of%20aluminum%20toxicity%20with%20black%20seed%20supplement%20on%20rats,-Full%20Article&text=The%20possible%20ameliorative%20effect%20of%20black%20seed%20(Nigella%20sativa%20L.)&text=Co%2Dadministration%20of%20black%20seed,reduction
https://www.jstage.jst.go.jp/article/brte/18/3/18_3_211/_pdf
https://www.jstage.jst.go.jp/article/brte/18/3/18_3_211/_pdf
https://www.jstage.jst.go.jp/article/brte/18/3/18_3_211/_pdf
https://pubmed.ncbi.nlm.nih.gov/10643868/#:~:text=Thus%2C%20although%20microcytic%20anemia%20constitutes,decrease%20of%20MCH%20would%20persist.
https://pubmed.ncbi.nlm.nih.gov/10643868/#:~:text=Thus%2C%20although%20microcytic%20anemia%20constitutes,decrease%20of%20MCH%20would%20persist.
https://pubmed.ncbi.nlm.nih.gov/10643868/#:~:text=Thus%2C%20although%20microcytic%20anemia%20constitutes,decrease%20of%20MCH%20would%20persist.
https://www.sciencedirect.com/science/article/abs/pii/S0147651300919997
https://www.sciencedirect.com/science/article/abs/pii/S0147651300919997
https://www.sciencedirect.com/science/article/abs/pii/S0147651300919997
https://books.google.co.in/books?hl=en&lr=&id=r6pkvJLTFT0C&oi=fnd&pg=PA329&dq=Genetic+and+chemical+influences+on+heme+biosynthesis&ots=joG4-CPfXJ&sig=xZl28KWnDxTIX5AvWm9fJHDbZ5s&redir_esc=y#v=onepage&q=Genetic%20and%20chemical%20influences%20on%20heme%20biosynthesis&f=false
https://books.google.co.in/books?hl=en&lr=&id=r6pkvJLTFT0C&oi=fnd&pg=PA329&dq=Genetic+and+chemical+influences+on+heme+biosynthesis&ots=joG4-CPfXJ&sig=xZl28KWnDxTIX5AvWm9fJHDbZ5s&redir_esc=y#v=onepage&q=Genetic%20and%20chemical%20influences%20on%20heme%20biosynthesis&f=false
https://books.google.co.in/books?hl=en&lr=&id=r6pkvJLTFT0C&oi=fnd&pg=PA329&dq=Genetic+and+chemical+influences+on+heme+biosynthesis&ots=joG4-CPfXJ&sig=xZl28KWnDxTIX5AvWm9fJHDbZ5s&redir_esc=y#v=onepage&q=Genetic%20and%20chemical%20influences%20on%20heme%20biosynthesis&f=false
https://pubmed.ncbi.nlm.nih.gov/1218932/
https://pubmed.ncbi.nlm.nih.gov/1218932/
https://pubmed.ncbi.nlm.nih.gov/1218932/
https://iugspace.iugaza.edu.ps/handle/20.500.12358/25775?locale-attribute=en
https://iugspace.iugaza.edu.ps/handle/20.500.12358/25775?locale-attribute=en
https://iugspace.iugaza.edu.ps/handle/20.500.12358/25775?locale-attribute=en
https://iugspace.iugaza.edu.ps/handle/20.500.12358/25775?locale-attribute=en
http://www.iosrphr.org/papers/v2i3/ZF23525533.pdf
http://www.iosrphr.org/papers/v2i3/ZF23525533.pdf
http://www.iosrphr.org/papers/v2i3/ZF23525533.pdf
https://link.springer.com/chapter/10.1007/978-1-4613-0413-5_4
https://link.springer.com/chapter/10.1007/978-1-4613-0413-5_4
https://link.springer.com/chapter/10.1007/978-1-4613-0413-5_4
https://pubmed.ncbi.nlm.nih.gov/20540147/#:~:text=Trigonella%20foenum%2Dgraecum%20(fenugreek)%20can%20ameliorate%20hyperglycemia%20and%20diabetes.&text=These%20results%20suggest%20that%20fenugreek,effects%20are%20mediated%20by%20diosgenin.
https://pubmed.ncbi.nlm.nih.gov/20540147/#:~:text=Trigonella%20foenum%2Dgraecum%20(fenugreek)%20can%20ameliorate%20hyperglycemia%20and%20diabetes.&text=These%20results%20suggest%20that%20fenugreek,effects%20are%20mediated%20by%20diosgenin.
https://pubmed.ncbi.nlm.nih.gov/20540147/#:~:text=Trigonella%20foenum%2Dgraecum%20(fenugreek)%20can%20ameliorate%20hyperglycemia%20and%20diabetes.&text=These%20results%20suggest%20that%20fenugreek,effects%20are%20mediated%20by%20diosgenin.
https://pubmed.ncbi.nlm.nih.gov/20540147/#:~:text=Trigonella%20foenum%2Dgraecum%20(fenugreek)%20can%20ameliorate%20hyperglycemia%20and%20diabetes.&text=These%20results%20suggest%20that%20fenugreek,effects%20are%20mediated%20by%20diosgenin.
https://pubmed.ncbi.nlm.nih.gov/20540147/#:~:text=Trigonella%20foenum%2Dgraecum%20(fenugreek)%20can%20ameliorate%20hyperglycemia%20and%20diabetes.&text=These%20results%20suggest%20that%20fenugreek,effects%20are%20mediated%20by%20diosgenin.
https://pubmed.ncbi.nlm.nih.gov/18928139/
https://pubmed.ncbi.nlm.nih.gov/18928139/
https://pubmed.ncbi.nlm.nih.gov/18928139/
https://pubmed.ncbi.nlm.nih.gov/18928139/
https://pubmed.ncbi.nlm.nih.gov/21861724/
https://pubmed.ncbi.nlm.nih.gov/21861724/
https://pubmed.ncbi.nlm.nih.gov/21861724/
https://pubmed.ncbi.nlm.nih.gov/21861724/
https://agris.fao.org/agris-search/search.do?recordID=US201301609938
https://agris.fao.org/agris-search/search.do?recordID=US201301609938


J Biotechnology and Bioprocessing                                                                                                                                                              Copy rights@ Azab Elsayed Azab et.al. 
 

 
Auctores Publishing – Volume 2(4)-035 www.auctoresonline.org  

ISSN: 2766-2314   Page 9 of 9 

extract on visceral organs of broiler chicks. ARPN: J Agric Biol 

Sci., 4: 58-60. 

49. Effraim KD, Salami HA, and Nwafor PA. (1999) The Effect of 

aqueous seed extract of Trigonella foenum graecum (fenugreek) 

on hematological parameters in albino rats. African J Biomed Res., 

2: 47-51. 

50. Bravo L. (1998) Polyphenols, chemistry, dietary sources, 

metabolism and nutritional significances. Nutr Rev., 11: 317-333. 

51. Ibrahium MI and Hegazy AI. (2009) Iron bioavailability of wheat 

biscuit supplemented with fenugreek seed flour. World J Agric 

Sci., 5: 769-776. 

52. Elseed AMAF, Danil T, Elmanan BAA, and Ali OH. (2013) 

Effects of Fenugreek (Trigonella foenum-graecum) Seeds 

Saponin on Digestibility, N-Retention, Hematological Parameters 

and Blood Metabolites in Rabbits. World Veter J., 3: 65-73. 

53. Rosioru C, Pribac G, Simeoni I, Craciun C, and Ardelean A. 

(2010) Trigonella foenum graecum L (sickle fruit fenugreek) 

seed-anatural hepatoprotector that prevents ethanol-induced 

toxicity. Ann Romanian Soc Cell Biol., 15(2): 390-399. 

54. Esomonu, U,G., El-Taalu, A.B., Anuka, J.A., Ndondo, N.D., 

Salim, M.A., and Atiku, M.K. (2005) Effect of ingestion of 

ethanol extract of Garcinia kola seed on erythrocytes in Wistar 

rats, Nigerian J. Physiol. Sci., 20(1-2): 30-32. 

55. Hamden, K., Keskes, H., Belhaj, S., Mnafgui, K., Feki, A., and 

Allouche, N. (2011)  Inhibitory potential of omega-3 fatty and 

fenugreek essential oil on key enzymes of carbohydrate-digestion 

and hypertension in diabetes rats. Lipids Health Dis, 10(226): 1-

10. 

56. Belaid-Nouira, Y., Bakhta, H., Haouas, Z., Flehi-Slim, I., and Ben 

Cheikh, H. (2013) Fenugreek seeds reduce aluminum toxicity 

associated with renal failure in rats. Nutr Res Pract. 7(6): 466-474. 

57. Kaviarasan, S., and Anuradha, C. V. (2007) Fenugreek 

(Trigonella foenum graecum) seed polyphenols protect liver from 

alcohol toxicity: a role on hepatic detoxification system and 

apoptosis. Pharmazie. 62(4): 299-304.  

58. Marzouk, M., Soliman, A. M., and Omar, T. Y. (2013) 

Hypoglycemic and antioxidative effects of fenugreek and termis 

seeds powder in streptozotocin-diabetic rats. Eur Rev Med 

Pharmacol Sci, 17(4): 559-565. 

59. Mindell E. (1992) Earl Mindell’s Herb Bile. Simon and Achuster, 

New York. PP.304. 

60. Sindhu G, Ratheesh M, Shyni GL, Nambisan B, and Helen A. 

(2012) Anti-inflammatory and antioxidative effects of mucilage 

of Trigonella foenum graecum (Fenugreek) on adjuvant induced 

arthritic rats. Int. Immunopharmacol., 12: 205-211. 

61. Kandhare AD, Bodhankar SL, Mohan V and Thakurdesai PA. 

(2015) Effect of glycosides based standardized fenugreek seed 

extract in bleomycin induced pulmonary fibrosis in rats: Decisive 

role of Bax, Nrf2, NF- B, Muc5ac, TNF- and IL-1. Chem. Biol. 

Interact., 237:151-165. 

62. Abdel-Rahman, H., Fathalla, S. I., Assayed, M. E., Masoad, S. R., 

and Nafeaa, A. A. (2016) Physiological Studies on the Effect of 

Fenugreek on Productive Performance of White New-Zealand 

Rabbit Does. Food Nutr Sci., 7(13): 1276-1289. 

63. Kaviarasan S, Vijayalakshmi K, and Anuradha C. (2004) 

Polyphenol-rich extract of fenugreek seeds protects erythrocytes 

from oxidative damage. Plant Foods Hum Nutr. 59: 143-147.  

64. Pradeep SR and Srinivasan K. (2018) Haemato-protective 

influence of dietary fenugreek (Trigonella foenum-graecum L.) 

seeds is potentiated by onion (Allium cepa L.) in streptozotocin-

induced diabetic rats. Biomed Pharmacother. 98: 372-381. 

65. Pradeep SR, and Srinivasan K. (2017) Amelioration of 

hyperglycemia and associated metabolic abnormalities by a 

combination of fenugreek (Trigonella foenum-graecum) seeds 

and onion (Allium cepa) in experimental diabetes, J Basic Clin 

Physiol Pharmacol.  28: 493-505. 

66. Pradeep SR and Srinivasan K. (2018) Alleviation of oxidative 

stress-mediated nephropathy by dietary fenugreek (Trigonella 

foenum-graecum) seeds and onion (Allium cepa) in 

streptozotocin-induced diabetic rats. Food Funct. 9(1): 134-148.  

67. Elghazaly, N. A., Zaatout, H. H., Radwan, E. H., Elghazaly, M. 

M., and Elsheikha, E. A. (2019) Trigonella Foenum Graecum 

Extract Benefits on Hematological, Biochemical and Male 

Reproductive system as a complementary therapy with 

glimepiride in treating streptozotocin induced diabetic rats System 

as a Complementary Therapy with Glimepiride in Treating 

Streptozotocin Induced Diabetic rats Rats. J Bioinform Diab. 1(3): 

45-59. 

68. Thirunavukkarasu V, Anuradha C, and Viswanathan P. (2003) 

Protective effect of fenugreek (Trigonella Foenum graecum) seeds 

in experimental ethanol toxicity. Phytother Res. 17(7):737-743. 

69. Lawson SR, Gabra BH, Guerin B, Neugebauer W, Nantel F, Band 

B, and Sirois P. (2005) Enhanced dermal and retinal vascular 

permeability in streptozotocin-induced type 1 diabetes in Wistar 

rats: blockade with an elective bradykininB1 receptor antagonist. 

Regul. Pept. 124 (1-3): 221- 224. 

 
 

  

 

 

 This work is licensed under Creative    
   Commons Attribution 4.0 License 
 

 

To Submit Your Article Click Here: Submit Manuscript 

 

DOI: 10.31579/2693-7247/035

 

Ready to submit your research? Choose Auctores and benefit from:  
 

 fast, convenient online submission 

 rigorous peer review by experienced research in your field  

 rapid publication on acceptance  

 authors retain copyrights 

 unique DOI for all articles 

 immediate, unrestricted online access 
 

At Auctores, research is always in progress. 
 
Learn more www.auctoresonline.org/journals/biotechnology-and-
bioprocessing 

https://agris.fao.org/agris-search/search.do?recordID=US201301609938
https://agris.fao.org/agris-search/search.do?recordID=US201301609938
https://www.ajol.info/index.php/ajbr/article/view/140687
https://www.ajol.info/index.php/ajbr/article/view/140687
https://www.ajol.info/index.php/ajbr/article/view/140687
https://www.ajol.info/index.php/ajbr/article/view/140687
https://pubmed.ncbi.nlm.nih.gov/9838798/#:~:text=This%20review%20offers%20an%20overview,their%20occurrence%20in%20plant%20foods.
https://pubmed.ncbi.nlm.nih.gov/9838798/#:~:text=This%20review%20offers%20an%20overview,their%20occurrence%20in%20plant%20foods.
https://www.cabdirect.org/cabdirect/abstract/20103116087
https://www.cabdirect.org/cabdirect/abstract/20103116087
https://www.cabdirect.org/cabdirect/abstract/20103116087
http://khartoumspace.uofk.edu/handle/123456789/21776#:~:text=Natural%20Resources-,Effects%20of%20Fenugreek%20(%20Trigonella%20foenum%20%2D%20graecum%20)%20Seeds%20Saponin%20on,and%20blood%20Metabolites%20in%20Rabbit&text=Abstract%3A&text=Hemoglobin%20concentration%20and%20red%20blood,extract%20compared%20to
http://khartoumspace.uofk.edu/handle/123456789/21776#:~:text=Natural%20Resources-,Effects%20of%20Fenugreek%20(%20Trigonella%20foenum%20%2D%20graecum%20)%20Seeds%20Saponin%20on,and%20blood%20Metabolites%20in%20Rabbit&text=Abstract%3A&text=Hemoglobin%20concentration%20and%20red%20blood,extract%20compared%20to
http://khartoumspace.uofk.edu/handle/123456789/21776#:~:text=Natural%20Resources-,Effects%20of%20Fenugreek%20(%20Trigonella%20foenum%20%2D%20graecum%20)%20Seeds%20Saponin%20on,and%20blood%20Metabolites%20in%20Rabbit&text=Abstract%3A&text=Hemoglobin%20concentration%20and%20red%20blood,extract%20compared%20to
http://khartoumspace.uofk.edu/handle/123456789/21776#:~:text=Natural%20Resources-,Effects%20of%20Fenugreek%20(%20Trigonella%20foenum%20%2D%20graecum%20)%20Seeds%20Saponin%20on,and%20blood%20Metabolites%20in%20Rabbit&text=Abstract%3A&text=Hemoglobin%20concentration%20and%20red%20blood,extract%20compared%20to
https://www.researchgate.net/profile/George-Pribac/publication/267548414_Trigonella_foenum-graecum_Sicklefrui_Fenugreek_seeds_-_A_natural_hepato_protector_that_prevents_ethanol-induced_toxicity/links/548006a50cf2ccc7f8bb09d6/Trigonella-foenum-graecum-Sicklefrui-Fenugreek-seeds-A-natural-hepato-protector-that-prevents-ethanol-induced-toxicity.pdf
https://www.researchgate.net/profile/George-Pribac/publication/267548414_Trigonella_foenum-graecum_Sicklefrui_Fenugreek_seeds_-_A_natural_hepato_protector_that_prevents_ethanol-induced_toxicity/links/548006a50cf2ccc7f8bb09d6/Trigonella-foenum-graecum-Sicklefrui-Fenugreek-seeds-A-natural-hepato-protector-that-prevents-ethanol-induced-toxicity.pdf
https://www.researchgate.net/profile/George-Pribac/publication/267548414_Trigonella_foenum-graecum_Sicklefrui_Fenugreek_seeds_-_A_natural_hepato_protector_that_prevents_ethanol-induced_toxicity/links/548006a50cf2ccc7f8bb09d6/Trigonella-foenum-graecum-Sicklefrui-Fenugreek-seeds-A-natural-hepato-protector-that-prevents-ethanol-induced-toxicity.pdf
https://www.researchgate.net/profile/George-Pribac/publication/267548414_Trigonella_foenum-graecum_Sicklefrui_Fenugreek_seeds_-_A_natural_hepato_protector_that_prevents_ethanol-induced_toxicity/links/548006a50cf2ccc7f8bb09d6/Trigonella-foenum-graecum-Sicklefrui-Fenugreek-seeds-A-natural-hepato-protector-that-prevents-ethanol-induced-toxicity.pdf
https://pubmed.ncbi.nlm.nih.gov/17220923/
https://pubmed.ncbi.nlm.nih.gov/17220923/
https://pubmed.ncbi.nlm.nih.gov/17220923/
https://pubmed.ncbi.nlm.nih.gov/17220923/
https://pubmed.ncbi.nlm.nih.gov/22142357/#:~:text=Results%3A%20the%20findings%20revealed%20that,respectively%20in%20pancreas%20and%20plasma.
https://pubmed.ncbi.nlm.nih.gov/22142357/#:~:text=Results%3A%20the%20findings%20revealed%20that,respectively%20in%20pancreas%20and%20plasma.
https://pubmed.ncbi.nlm.nih.gov/22142357/#:~:text=Results%3A%20the%20findings%20revealed%20that,respectively%20in%20pancreas%20and%20plasma.
https://pubmed.ncbi.nlm.nih.gov/22142357/#:~:text=Results%3A%20the%20findings%20revealed%20that,respectively%20in%20pancreas%20and%20plasma.
https://pubmed.ncbi.nlm.nih.gov/22142357/#:~:text=Results%3A%20the%20findings%20revealed%20that,respectively%20in%20pancreas%20and%20plasma.
https://pubmed.ncbi.nlm.nih.gov/24353832/#:~:text=The%20treatment%20with%20the%20whole,changes%20in%20the%20injured%20kidneys.
https://pubmed.ncbi.nlm.nih.gov/24353832/#:~:text=The%20treatment%20with%20the%20whole,changes%20in%20the%20injured%20kidneys.
https://pubmed.ncbi.nlm.nih.gov/24353832/#:~:text=The%20treatment%20with%20the%20whole,changes%20in%20the%20injured%20kidneys.
https://pubmed.ncbi.nlm.nih.gov/17484288/
https://pubmed.ncbi.nlm.nih.gov/17484288/
https://pubmed.ncbi.nlm.nih.gov/17484288/
https://pubmed.ncbi.nlm.nih.gov/17484288/
https://pubmed.ncbi.nlm.nih.gov/23467959/
https://pubmed.ncbi.nlm.nih.gov/23467959/
https://pubmed.ncbi.nlm.nih.gov/23467959/
https://pubmed.ncbi.nlm.nih.gov/23467959/
https://pubmed.ncbi.nlm.nih.gov/22155102/#:~:text=Fenugreek%20mucilage%20exhibited%20maximum%20percentage,that%20of%20standard%20drug%20indomethacin.&text=Thus%20the%20results%20demonstrated%20the,adjuvant%20induced%20arthritis%20in%20rats.
https://pubmed.ncbi.nlm.nih.gov/22155102/#:~:text=Fenugreek%20mucilage%20exhibited%20maximum%20percentage,that%20of%20standard%20drug%20indomethacin.&text=Thus%20the%20results%20demonstrated%20the,adjuvant%20induced%20arthritis%20in%20rats.
https://pubmed.ncbi.nlm.nih.gov/22155102/#:~:text=Fenugreek%20mucilage%20exhibited%20maximum%20percentage,that%20of%20standard%20drug%20indomethacin.&text=Thus%20the%20results%20demonstrated%20the,adjuvant%20induced%20arthritis%20in%20rats.
https://pubmed.ncbi.nlm.nih.gov/22155102/#:~:text=Fenugreek%20mucilage%20exhibited%20maximum%20percentage,that%20of%20standard%20drug%20indomethacin.&text=Thus%20the%20results%20demonstrated%20the,adjuvant%20induced%20arthritis%20in%20rats.
https://pubmed.ncbi.nlm.nih.gov/26093215/
https://pubmed.ncbi.nlm.nih.gov/26093215/
https://pubmed.ncbi.nlm.nih.gov/26093215/
https://pubmed.ncbi.nlm.nih.gov/26093215/
https://pubmed.ncbi.nlm.nih.gov/26093215/
https://www.scirp.org/journal/paperinformation.aspx?paperid=72121
https://www.scirp.org/journal/paperinformation.aspx?paperid=72121
https://www.scirp.org/journal/paperinformation.aspx?paperid=72121
https://www.scirp.org/journal/paperinformation.aspx?paperid=72121
https://pubmed.ncbi.nlm.nih.gov/15678722/#:~:text=A%20polyphenol%2Drich%20extract%20from,diabetic%20human%20erythrocytes%20(RBCs).
https://pubmed.ncbi.nlm.nih.gov/15678722/#:~:text=A%20polyphenol%2Drich%20extract%20from,diabetic%20human%20erythrocytes%20(RBCs).
https://pubmed.ncbi.nlm.nih.gov/15678722/#:~:text=A%20polyphenol%2Drich%20extract%20from,diabetic%20human%20erythrocytes%20(RBCs).
https://pubmed.ncbi.nlm.nih.gov/29275179/
https://pubmed.ncbi.nlm.nih.gov/29275179/
https://pubmed.ncbi.nlm.nih.gov/29275179/
https://pubmed.ncbi.nlm.nih.gov/29275179/
https://pubmed.ncbi.nlm.nih.gov/28599386/
https://pubmed.ncbi.nlm.nih.gov/28599386/
https://pubmed.ncbi.nlm.nih.gov/28599386/
https://pubmed.ncbi.nlm.nih.gov/28599386/
https://pubmed.ncbi.nlm.nih.gov/28599386/
https://pubmed.ncbi.nlm.nih.gov/29068452/
https://pubmed.ncbi.nlm.nih.gov/29068452/
https://pubmed.ncbi.nlm.nih.gov/29068452/
https://pubmed.ncbi.nlm.nih.gov/29068452/
https://openaccesspub.org/jbd/article/1012
https://openaccesspub.org/jbd/article/1012
https://openaccesspub.org/jbd/article/1012
https://openaccesspub.org/jbd/article/1012
https://openaccesspub.org/jbd/article/1012
https://openaccesspub.org/jbd/article/1012
https://openaccesspub.org/jbd/article/1012
https://openaccesspub.org/jbd/article/1012
https://pubmed.ncbi.nlm.nih.gov/12916070/#:~:text=The%20seeds%20exhibited%20appreciable%20antioxidant,significant%20protection%20against%20ethanol%20toxicity.
https://pubmed.ncbi.nlm.nih.gov/12916070/#:~:text=The%20seeds%20exhibited%20appreciable%20antioxidant,significant%20protection%20against%20ethanol%20toxicity.
https://pubmed.ncbi.nlm.nih.gov/12916070/#:~:text=The%20seeds%20exhibited%20appreciable%20antioxidant,significant%20protection%20against%20ethanol%20toxicity.
https://pubmed.ncbi.nlm.nih.gov/15544863/
https://pubmed.ncbi.nlm.nih.gov/15544863/
https://pubmed.ncbi.nlm.nih.gov/15544863/
https://pubmed.ncbi.nlm.nih.gov/15544863/
https://pubmed.ncbi.nlm.nih.gov/15544863/
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/manuscript

