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Abstract 

Millions of diabetics use herbal medicine for economic and cultural reasons. The ob-

jective of the present study was to explore of the effects of fenugreek in experimental 

diabetic (albino) male rats induced by alloxan measuring the level of liver enzymes 

Alanine transaminase, Aspartate aminotransferase and studying histological changes 

in the liver. The study included 40 rats divided into four groups (10 for each group) 

with weights ranging from 200-250mg, the first group was as a control group, the 

second group was injected with alloxan 120 /kg/b.w and nicotinamide 50 0.5 

mg/kg/B.W. The third diabetic group received treatment with 50 mg/kg/b.w. of fen-

ugreek. The fourth diabetic group received treatment with 100 mg/kg/B.W. of fenu-

greek, The animals were scarified and the heart's blood was extracted. where the se-

rum was isolated to study the biochemical parameters of liver enzymes, the liver was 

removed and placed in 10% formalin solution for the histological study purpose of 

conducting the histological study. The study's findings demonstrated an increase in 

the effectiveness of liver enzymes as a result of the injection of alloxan, but after 

treatment with fenugreek, the level of these enzymes decreased in the third and fourth 

groups and also demonstrated that induction of diabetes caused changes in the rats 

livers, as it showed congestion of blood vessels in the hepatic central vein, necrosis 

of hepatocytes, irregular sinusoids, and thickening of the nuclei in diabetic group. 
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1     Introduction 

 

Diabetes is one of the common diseases of the age and one of the causes of death and disability 

in the world.  The World Health Organization has defined diabetes as an imbalance in metabolic 

processes as a result of many pathogens, which are characterized by hyperglycemia with a 
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disturbance in the metabolism of carbohydrates, fats and proteins that occur as a result of a defect 

in the secretion of the hormone insulin or the action of insulin or both [1] . According to reports 

issued by the World Health Organization for the year 2017, there are approximately 171 million 

people suffering from diabetes, and this number is expected to increase to 360 million  people 

worldwide in 2030 [2].   

Type 1 insulin-dependent diabetes and type 2 non-insulin-dependent diabetes are the two basic 

kinds of diabetes mellitus, in addition to other types.  The cause of infection with these types may 

be attributed to genetic disorders, that diseases that affect the pancreas gland lead to hormonal 

imbalance, as the use of drugs and chemicals often leads to the emergence of many infections and 

disorders of the immune system [3]. Chronic rise in diabetes during diabetes leads to many bio-

chemical and structural changes in cells, tissues and organs of the body, and these changes explain 

the wide complications of diabetes, which can occur in many organs of the body such as kidneys, 

eyes, nerves and blood vessels[4].   Many researchers have indicated that reducing or stopping 

these complications depends primarily on the extent to which the level of diabetes is controlled 

and made close to normal, and thus many blood sugar-lowering drugs have appeared in addition 

to insulin, which is more common.  However, the use of drugs showed a number of side effects, 

such as hypoglycemia when used in high doses, problems related to the liver and kidneys, cases 

of diarrhea, etc [5].   Therefore, there was a need to search for safer materials with fewer side 

effects, so that they could be used for a long time.   

Fenugreek is one of the herbal medicinal plants that are very popular in India, Africa and Central 

Asia[6].    where it is used to treat many diseases, including diabetes, because it has antioxidants, 

antibacterials and fungi, and lowers blood fats [7].   The pharmacological effects of fenugreek are 

accredited to a group of bioactive substances include lipids, saponins, flavonoids, fiber, and pol-

yphenols and amino acids.  Diosgenin is the most active saponin of fenugreek, as it has a role in 

improving diabetes by several mechanisms [8].    and these mechanisms include regeneration of 

beta cells and stimulation of insulin secretion.  Besides, yosgenin raises mRNA transcripts.  An-

other active ingredient in fenugreek is the amino acid 4-hydroxyisoleucine, which stimulates in-

sulin secretion and decreases total cholesterol and plasma triglycerides. About 45–60% of the 

carbohydrates in fenugreek seeds are called galactomannan. It has been shown to inhibit the hy-

drolysis enzymes of carbohydrates and fats in the digestive system, which leads to a lowering of 

postprandial glucose levels[9]. Due to the lack of studies on this type of important medicinal plants 

(fenugreek), the current study was planned, which aims to demonstrate the effect of fenugreek on 
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the histological and structures of the liver of laboratory adult male rats in which diabetes is induced 

and knowing the preventive effect on it, including:   

1. Investigating the effects of oral consumption of fenugreek on histological structures of Liver in 

alloxan-induced diabetic male rats.  

2. Showing the preventive effects of fenugreek (Trigonella foenum-graecum) against type 2 dia-

betics in male rats, by measuring ALTand AST 

 

2      Materials and methods 
2.1  The experimental animals 

In this investigation, 40 healthy male rats weighing between 200 -250g were used. Prior to the 

start of the trial, the animals had a one-week acclimatization period. The animals were kept in 

conventional conditions both before and during the experiment, with a temperature of 22 ± 2°C 

and a consistent 12/12 h light-dark cycle. Standard pellets and unlimited tap water were made 

available to the rats without restriction.  

2.2  Induction of type 2 diabetes 

After a 12-hour overnight fast, the rats received an intraperitoneal injection of freshly produced 

alloxan monohydrate and nicotina-mide (Sigma, USA; 120 +50 mg/kg b.w.) to cause type 2 dia-

betic mellitus. In regular saline. Animals were deemed diabetic and chosen for the following stud-

ies after 72 hours if their fasting blood glucose levels were greater than 200 mg/dL. [10].     

 

 

 

 

2.3  Dosing Preparation  

  Preparation dosing of 50mg/kg of fenugreek;180mg of fenugreek seed powder was dissolved in 

9 ml of distilled water to obtain a concentration of 20mg/ml, then the solution was administered 

orally by stomach tube as 0.5ml/kg of B.W.  

Preparation dosing of 100mg/kg of fenugreek; 360mg of fenugreek seed powder was dissolved in 

9 ml of distilled water to obtain a concentration of 40mg/ml, then the solution was administered 

orally by stomach tube as 0.5ml/kg of B.W. [11].     
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2.4 The Experimental design 

The animals were divided into four groups of ten rats at random as follows: 

The first group was as a control group received distal water, the second group was injected with 

alloxan 120 /kg/b.w and nicotinamide 50 mg/kg/B.W without treatment. The third diabetic group 

received treatment with 50 mg/kg/b.w. of fenugreek. The fourth diabetic  group received treatment 

with 100 mg/kg/B.W. of fenugreek,   

2.5  Collection of Blood Samples and tissue 

Blood samples were obtained by heart puncture; by using test tubes with no anticoagulant and 

blood samples were collected to allowable standup and coagulating. Serums were separated from 

coagulated blood samples by centrifuge at 1000 round per minute (rpm) for 15 min, then samples 

of serum were kept in a freezer at -20 Ċ˚ for the purpose to measuring the level of liver GOT,GPT 

by Elisa according to commercial kits instructions  ( MyBioSource  USA),and Scarifying animals 

were done by chloroform,the scarifications were performed and the targeted organs was collected 

(liver) and tissue were dissected and cleaned, then preserved in 10% of neutral buffered formalin 

for histological study using H&E stain.  

The Statistical Analysis System- SAS (2012) program was used to  detect the effect of differ-

ence factors in study parameters. Least significant  difference (LSD) test and Analysis of Variation 

(ANOVA) were used to  statistical compare between means of obtained results. 

 

   

 

3  Results and Discussions 

 3.1      Liver functions . When compared to the negative control group, the levels of the enzymes 

alanine aminotransferase (ALT/GPT) and aspartate aminotrans-ferase (AST/GOT) were signifi-

cantly higher in diabetic rats (P≤0.01). AST and ALT values were significantly (P≤0.01) lower 

(after fenugreek administration) compared to the diabetes control group according Table-1 

Table( 1): Liver enzyme U/L in induced diabetic rats groups dosed orally during the thirty days of experiment 

Parameters Mean ± SE 
LSD value 

C-ve G+ve T1 (50) T2 (100) 

ALT/GPT  

(U/L) 

44.4 ± 1.74 c 127.2 ± 8.83 a 79.8 ± 2.57 b 42.6 ± 1.84 c 26.95 ** 

AST/GOT  86.4 ± 3.89 b 272.6 ± 11.05 a 117.8 ± 5.98 b 97.8 ± 3.41 b 41.63 ** 
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(U/L) 

Means having with the different letters in same row differed significantly; ** (P≤0.01) 

 

 

  
C-ve: Negative control rats received distilled water, with normal diet.  

C+ve: Positive control diabetic rats injected a single dose of alloxan 120mg/kg,i.p and nicotina-

mide 50mg/kg/BW without treatment.  

T1 (50): Diabetic rats that treated orally with fenugreek at a dose of 50 mg/kg /B.W.  

T2 (100): Diabetic rats that treated orally with fenugreek at a dose of 100 mg/kg /B.W.  

 3.2    Histological study in the liver: The liver of the negative control group underwent histological 

investigation, which revealed a normal control rat liver with a central vein, liver cords of hepato-

cytes extending from the vein, and blood sinusoids separating them. Hepatocytes have rounder 

nuclei when they first developed. (Figure 1). 

    The histological results of the liver of rats after intraperitoneal injection with a single dose of 

alloxan (120 mg/kg / B,W) followed by nicotinamide (50 mg/kg / B.W) showed high numbers of 

degenerated hepatocytes with necrosis appeared pyknotic, karyohexsis and dilatation of central 

vein with dilation of sinsoids and congestion of blood vessels (Figure2,3,4) 

 

   When compared to the diabetic group not receiving treatment, the protective treatment with 

fenugreek (50 mg/ kg/ B.W.) showed a decrease in the histological alterations in the liver, there 

was less expansion of the central vein, sinusoidal gaps, congestion in the central vein, and lym-

phocyte infiltration. (Figures 5,6) 

       The histological results of fenugreek (100 mg/kg/B.W.) treatment of alloxan diabetic rats re-

sulted in nearly normal hepatostructure with radially oriented hepatocytes surrounding the central 

vein and the lack of any degenerated cells. Similar to 

the normal control group, the hepatic sinusoidal spaces and von Kupffer cells were present. (Fig-

ures 7,8) 

          The results of the current study showed that GPT and GOT levels in the serum of male 

albino rats increased after alloxan-induced diabetic mellitus, which is consistent with the study's 

findings [12, 13, 14]  that the reason for this increase may be due to damage to the membranes of 

hepatocytes due to increased lipid peroxidation and an increase in the concentration of free radi-

cals resulting from diabetes mellitus, which leads to the leakage of enzymes into the blood serum 

[15].  Alloxan may have a role in increasing hepatic necrosis and damage to hepatocytes, which 

gives evidence of the high toxicity of alloxan and the liver attempts to remove the alloxan toxicity, 

as in this case, the enzymes rises of GPT and GOT is consistent with those indicated by other 

studies[16, 17] . These two enzymes may have increased levels due to the hepatocytes growing 

larger and the endoplasmic reticulum being stimulated to manufacture more of the enzyme to 
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accommodate the growth of the cell [18].  It may be attributed to the fact that alloxan increased 

blood sugar, leading to increased oxidative stress and the formation of ROS, which led to oxidation 

and necrosis of fats in the membranes of liver cells, which led to an increase in the effectiveness 

of these enzymes in the liver[19]   

          The present study, fenugreek treatment led to a significant decrease in activity of the two 

enzymes AST, AST compared to the control group, this result is similar to the result of[20], who 

found that this decline is probably due to the fenugreek containing the amino acid 4- hydroxyiso-

leucine which improves the secretion of insulin, which has a role in reducing the level of glucose 

in the blood by stimulating cells to take advantage of the sugar present in the blood then improve 

the metabolic processes of cells, reduce oxidative stress and protect the membranes of liver cells 

from degeneration or this improvement is attributed to the effective role of fenugreek in curbing 

the action of free radicals and reducing lipid oxidation because it contains antioxidants, thus pre-

serving the membranes of liver cells from breakdown and reducing The release of enzymes into 

the blood serum[21].Histologically,  when compared to the rats in the negative control group, the 

white male rats with diabetes underwent changes to their livers., which is in agreement with other 

studies conducted on rats [22, 23], whom claimed that the sinusoids slightly expand as a result of 

the high blood glucose caused by the injection of alloxan, it also includes the appearance of multi-

ple areas of inflammation and areas of cytoplasm eruption, and which may be brought on by inad-

equate venous flow at the level of the hepatic vein or inferior vena cava and the reason why liver 

cells become damaged, whether it is due to immunological factors or the toxicity of alloxan. Oxi-

dative stress resulting from the accumulation of free radicals causes the destruction of hepatocytes 

as well as lipid peroxidation of the cell membranes or mitochondrial membranes, causing the emer-

gence of an inflammatory and immune response[24].  Blood congestion was also observed in some 

areas, caused by poor blood drainage as a result of hepatic venous obstruction, causing cessation 

or disruption of blood flow through the hepatocytes, and this is what[25],   noted of the occurrence 

of blood congestion in diabetes. After the treatment with the aqueous solution of the fenugreek 

plant, the doses were 50 and 100 mg/kg/B.W, a significant improvement in liver tissue, In particular 

at 100 mg/kg/B.W., a high dose compared to the positive group, and this result was identical to 

[26], who showed that the aqueous solution of the fenugreek plant showed normal liver tissues. 

Liver enzymes, which confirms the role of the plant in protecting the liver, which is due to the 

presence of flavonoids compounds, as they have the ability to curb the action of free radicals re-

sulting from alloxan and reduce the lipid peroxidation the liver membranes, thus preserving the 

membranes of hepatocytes as metabolic cells and reducing damage to the liver, considering that 

the fenugreek contains components that act as antioxidants .In conclusion, the present study was 

designed to compare the effect of two doses  of fenugreek seed on histopathological effects of liver 

and some parameters including liver function. Fenugreek may represent candidate alternative treat-

ment to control diabetes mellitus and its related  hepatopathy. 
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   Figure (1): Control group Cve- of male rat liver showed a normal central vein (A), normal hepatocytes (B), and normal 

sinusoids (C). H&E, 40x       

 
 

    

 

 

 

  

Figure (2): Liver of male rat exposed to single dose of alloxan (120 mg/kg/B.W) and nicotinamide (50 mg/kg/B.W) of 

positive group, showed high dilation of central vein (A), high congestion in central 

vein (B), hemorrhage in liver tissue (C). H & E, 40x 
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Figure (3): Liver of male rat exposed to single dose of alloxan (120 mg/kg/B.W) and nicotinamide (50 mg/kg/B.W) of 

positive group, showed destruction of liver tissue (A), high congestion of blood vessels in the septa (B), infiltration of 

lymphocyte (C). H & E, 40x 

 

 
 

Figure(4): Liver of male rat exposed to single dose of alloxan (120 mg/kg/B.W) and nicotinamide (50 mg/kg/B.W) of 

positive group Cve+ showed degeneration of hepatocyte (A), pyknotic cell (B), karyohexsis cell (C), karyolsis (D). H & 

E, 400X 

 

 

Figure (3-13): Control group Cve- of 

male rat liver showed normal central vein 
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Figure (5): Liver of male rat group treatment of fenugreek (50 mg/kg /B.W) T1, showed less disturbance of liver archi-

tecture, less dilation of central vein (A), less congestion in the central vein (B), less congestion in the blood vessels of 

connective tissue (C). H & E, 40x 

 

 

 

 

 

 

 
 
Figure (6): Liver of treatment group of fenugreek (50 mg/kg / B.W) T1, showed less expansion of central vein without 

congestion (A), less expansion of sinusoidal spaces (B), less necrosis and degeneration of hepatocytes and there were no 

hemorrhage (C). H & E 20x 
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Figure (7): Liver of  treatment group of fenugreek (100 mg/kg/ B.W) T2, showed normal central vein in some area of 

liver tissue (A), decrease in dilation of central vein in some area of the tissue (B), decrease in congestion of central vein & 

blood vessels of septa (C). H & E, 40x 

 

 
 

 
Figure (8): Liver of  treatment group of fenugreek (100 mg/kg/ B.W) T2, showed nearly normal architecture of liver tis-

sue, there were absent of less necrosis and degeneration hepatocyte, there were absent congestion and hemorrhage, nor-

mal central vein (A). H & E, 20x 
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