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ABSTRACT: 

Diabetes, is a group of metabolic diseases in which there are high blood glucose levels over a 

prolonged period. If left untreated, diabetes can cause many complications. The present study was 

aimed to investigate in vivo, effects of treatment with epicatechin and/or gallic acid efficacy on 

glycemic state, serum insulin, C-peptide levels, lipid profile and heart function in NA/STZ-induced 

diabetic rats. The rats were divided into five groups that are normal control, diabetic control, diabetic 

group treated with epicatechin, diabetic group treated with gallic acid and diabetic group treated with 

the mixture of epicatechin and gallic acid. The study suggested that treatment of diabetic rats with 

epicatechin and/or gallic acid markedly improved the impaired oral glucose tolerance, serum insulin 

level, mRNA expression of GLUT4, insulin resistin, and serum lipid profile and serum enzyme 

activities related to heart function. Also, the treatment of diabetic group epicatechin and gallic acid 

together was the most effective in improving the previous indicies. 

 

Keywords: Diabetes mellitus; epichatchin; gallic acid; insulin resistant; glucose transporter type 4 and 

STZ/NA diabetic rats. 
 

1. INTRODUCTION  
Diabetes mellitus (DM) is a group of metabolic 

diseases characterized by hyperglycemia 

resulting from insulin deficiency and / or 

insulin resistance. The chronic hyperglycemia 

of diabetes is associated with long-term 

damage, dysfunction, and failure of various 

organs, especially the eyes, kidneys, nerves, 

heart, and blood vessels (American Diabetes 

Association {ADA}, 2014). For these reasons, 

it is essential to discover not only a cure for 

diabetes but also for its complications to 

improve the quality of life and decrease the rate 

of mortality (Forbes and Cooper, 2013). 

Ebers Papyrus, which was written around 

1500 BC, excavated in 1862 AD from an 

ancient grave in Thebes, Egypt, and published 

by Egyptologist Georg Ebers in 1874, 

describes, among various other ailments and 

their remedies, a condition of “too great 

emptying of the urine” – perhaps, the reference 

to diabetes mellitus. For the treatment of 

This condition, ancient Egyptian physicians 

were advocating the use of wheat grains, fruit, 

and sweet beer (Korczowski et al., 1985). 

Physicians in India at around the same time 

developed what can be described as the first 

clinical test for diabetes. They observed that the 

urine from people with diabetes attracted ants 

and flies. They named the condition 

https://en.wikipedia.org/wiki/Metabolic_disease
https://en.wikipedia.org/wiki/High_blood_sugar
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“madhumeha” or “honey urine.” Indian 

physicians also noted that patients with 

“madhumeha” suffered from extreme thirst and 

foul breath (probably, because of ketosis) (Roy 

et al., 2011).  

Although the polyuria associated with 

diabetes was well recognized, ancient clinicians 

could not distinguish between the polyuria due 

to what we now call diabetes mellitus from the 

polyuria due to other conditions.3 Around 230 

BC, Apollonius of Memphis for the first time 

used the term “diabetes,” which in Greek means 

“to pass through” (dia – through, betes – to go). 

He and his contemporaries considered diabetes 

a disease of the kidneys and recommended, 

among other ineffective treatments, such 

measures as bloodletting and dehydration. The 

first complete clinical description of diabetes 

appears to have been made by Aulus Cornelius 

Celsus (30 BC–50 AD). Often called “Cicero 

medicorum” for his elegant Latin, Celsus 

included the description of diabetes in his 

monumental eight-volume work entitled De 

medicina (Maiti et al., 2004)  

Aretaeus of Cappadocia, a Greek physician 

who practiced in Rome and Alexandriain Anno 

Domini (AD), was the first to distinguish 

between what we now call diabetes mellitus 

and diabetes insipidus (Wu et al., 2015). 

Type 2 diabetes is a disease in which the 

body loses its ability to produce and use insulin, 

a hormone made by the pancreas. After the 

body breaks down sugar and starch from food, 

insulin delivers the glucose to cells that absorb 

it and use it for energy. Insulin also helps to 

eliminate extra glucose from the blood 

(Godinho et al., 2015). 

Wistar rats consider as a good model for 

type II DM that displays many of the 

characteristics of the human disease including 

hyperphagia, hyperglycemia, insulin resistant 

and progressive obesity (Leiter and Reifsnyder, 

2004). 

Traditional herbal medicine is used for 

treatment of diabetes in developing countries 

where the cost of conventional medicines is a 

burden to the population (Maiti et al., 2004). 

Despite the introduction of hypoglycemic 

agents from natural and synthetic sources, 

diabetes and its secondary complications 

continue to be a major medical problem. One of 

the great advantages of medicinal plants is that 

these are readily available and have very low 

side effects (Atanasov et al., 2015). 

Plants have always been an exemplary 

source of drugs and many of the currently 

available drugs have been derived directly or 

indirectly from them. The ethnobotanical 

information reports about 800 plants that may 

possess antidiabetic potential. The field of 

herbal medicines research has been gaining 

significant importance in the last few decades 

and the demand to use natural products in the 

treatment of diabetes is increasing worldwide 

(Bnouham, 2006). Among the known natural 

bioactive components and phytochemicals, 

recently phenolic compounds are very popular 

because of their safety and efficacy (Hanhineva 

et al., 2010). 

Catechins and epicatechins are 

phytochemical compounds present in high 

concentrations in a variety of plant-based foods 

and beverages. According to their structure, 

these compounds are classified as flavanols and 

include the following compounds: catechin, 

epicatechin, epigallocatechin, 

epicatechingallate, and epigallo catechingallate. 

High amount of catechin can be found in red 

wine, broad beans, black grapes, apricots and 

strawberries. epicatechin are high in apples, 

blackberries, broad beans, cherries, black 

grapes, black and green tea, pears, raspberries, 

and cocoa/chocolate (Raederstoff et al., 2003; 

Williamson and Manach, 2005). There are 

http://www.sciencedirect.com/science/article/pii/S0378874104000637
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beneficial effects that the consumption of foods 
containing high level of catechins and 

epicatechins has been associated with a variety 

of beneficial biological effects; increased 

plasma antioxidant activity, brachial artery 

dilation, fat oxidation, resistance of LDL to 

oxidation and promotion of gut health (Khan et 

al., 2014). 

GA is a component of naturally occurring 

esters of gallic acid that belong to the larger 

group of plant polyphenols known as 

gallotannins which are present in legumes, 

fruits, vegetables and derivative products 

(Manach et al., 2005). Gallotannins, especially 

green tea is an important source of GA and 

contains up to 4.5 g/kg of fresh weight 

(Reckziegel et al., 2011). GA were reported to 

have several biological activities including 

anticancer, antioxidant, antibacterial, antiviral, 

antitumor, anti-inflammatory (Liao et al., 2012) 

and cardio-protective effects (Mansouri et al., 

2013). In recent years, gallotannins have been 

searched for their antihyperglycemic, lipid 

lowering, and antioxidant activities (Islam et 

al., 2016). 

Currently, there is much interest in the 

usefulness of plants. Therefore, this study was 

designed to assess the anti-hyperglycemic and 

anti-hyperlipidemic and cardioprotective effects 

and to suggest the probable mechanisms of 

action of epicatechin and/or gallic acid in 

STZ/NA induced diabetic rats. 
 

 

2. MATERIALS AND METHODS  

 

Experimental Animals: 

Adult Wistar rats weighing 120±20g 

were used in the present study. They were 

kindly supplied from Helwan Station for 

Experimental Animals, Egyption organization 

for Biological products and Vaccines 

(VACSERA), Helwan, Egypt. They were kept 

under observation for two weeks before the 

onset of the experiment to exclude any 

intercurrent infection. The chosen animals were 

housed in clean polypropylene cages (47 x 34 x 

20 cm), lined with husk (replaced every 24 h), 

and were fed with standard pellet diet and 

water. The animals were acclimatized to 

laboratory condition (temperature 25± 5°C), 

humidity (55±5%) and normal 12 hours, 

dark/light cycle. The animal procedures were 

conducted according to the principles and 

guidelines of the Canadian committee for care 

and use of animals the (Canadian council on 

animal care {CCAC}, 1993). 

Induction of diabetes mellitus: 

 Diabetes mellitus type 2 was 

experimently induced in overnight fasted rats 

by single intraperitoneal injection (i.p) of 120 

mg/kg b.w. nicotinamide (NA) dissolved in 

NaCl solution (0.9%) 15 minutes before 

intraperitoneal injection of 50 mg/kg b.w 

streptozotocin (Sigma Chemical Company) 

dissolved in citrate buffer (pH 4.5) (Masiello et 

al., 1998). Ten days after streptozotocin 

injection, rats were deprived of food overnight 

(8-10 hours), blood samples were taken from a 

tail lateral vein after 2 hours of oral glucose 

loading (3 g/kg b.w), and serum glucose 

concentration was measured by Glucometer 

(Accu Chek-Germany), Rats with a 2-hour 

serum glucose level ranging from 180 to 300 

mg/dl were considered mildly diabetic and 

included in the experiment. 

Animal Grouping and experimental design: 

In the present study, a total of 30 rats were 

used. The rats were divided into five groups 

each group comprising of six rats (n = 6) 

designated as follows:   

Normal control: The rats within this were 

daily administrated an equivalent volume of 

vehicle by oral gavage. 

Diabetic control: The rats in this group were 

daily administrated an equivalent volume of 

vehicle by oral gavage. 

Diabetic treated with epicatechin: The rats 

included in this group were diabetic rats that 

were treated with epicatechin by oral gavage at 
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dose level of 10 mg/kg b.wt./day for 4 week 

(Pannala VR, 2010).  

Diabetic treated with gallic acid: The rats 

included in this group were diabetic rats that 

were treated with gallic acid by oral gavage at 

dose level of 10 mg/kg b.wt./day for 4 week 

(Latha and Daisy, 2011). 

 

Diabetic treated with epicatechin and gallic 

acid: The rats included in this group were 

diabetic rats that were treated with epicatechin 

of dose 10 mg/kg b.wt./day and gallic acid 10 

mg/kg b.wt./day by oral gavage for 4 week. 

All treatments were dissolved in 0.5% 

carboxymethyl cellulose (CMC) and given 

daily for 4 weeks by oral gavage. The body 

weight of experimental groups was recorded at 

the beginning (initial) and at the end (final) of 

the treatment period. 

Blood and tissue collection:                                                                     

A day before sacrifice, the experimental 

animals in all groups were deprived of food 

overnight (8-10 hours). Blood samples were 

obtained from lateral tail vein under diethyl 

ether anesthesia at fasting state and at one 

hours, two hours and three hours   of oral 

glucose loading (3 g/kg b.wt). After the last 

treatment, rats were fasted overnight and 

sacrificed and blood was collected from jagular 

vein the head was dislocated from the rest of 

the body by decapitation. Serum was obtained 

after centrifugation at 3000 r.p.m for 30 

minutes. The clear non-hemolysed supernatant 

serum were quickly removed, divided into three 

portions for each individual animal, and kept at 

-20°C for estimation of blood glucose and 

plasma insulin and other tests.  

Determination of oral glucose tolerance test 

(OGTT): 

  On the day before sacrifice, the OGTT 

was performed in normal control, diabetic 

control, diabetic groups treated with 

epicatechin, gallic acid and their mixture. Blood 

samples were obtained from lateral tail vein of 

rats deprived of food overnight (8-10 hours) 

successive blood samples were then taken at 0, 

60, 120, and 180 minutes following 

administration of (3 g/kg b.wt) through oral 

gavage. Blood samples were left to coagulate 

and centrifuged. Then, clear non-hemolyzed 

serum was obtained for determination of 

glucose concentration by Glucometer, Accu-

Chek, Germany. 

Determination of insulin and C-peptide 

levels: 

Serum insulin and C-Peptide levels 

were determined according to the method of 

Anthony Campbell, Chemiluminescence 

(Anthony, 2017) Using reagent kits purchased 

from TradeMed Company (China).  

Homeostatic model assessment  (HOMA): 

 

A method used to quantify insulin 

resistance (HOMA-IR), insulin sensitivity 

(HOMA-IS) and beta-cell function (HOMA-β 

cell function). Were calculated according to 

(Park et al., 2009). 

               

HOMA-IR. This value is calculated 

according to the following equation: 

HOMA-IR =     

 

Fasting insulin x fasting glucose (mg/dl) 

                   ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

              405 

 

HOMA-IS. This value is calculated 

according to the following equation: 

HOMA-IS =       

                       10000 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

Fasting insulin x fasting glucose (mg/dl) 

 

HOMA- β cell function. This value is 

calculated according to the following 

equation: 

HOMA- β cell function =  

    

   20 x fasting insulin (µIU/ml) 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ   

     Fasting glucose (mg/dl) – 3.5 

 

https://en.wikipedia.org/wiki/Insulin_resistance
https://en.wikipedia.org/wiki/Insulin_resistance
https://en.wikipedia.org/wiki/Beta-cell
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Detection of mRNA expression of resistin 

and GLUT4: 

 

RNA isolation and RT-PCR analysis  
Total RNA was isolated from Visceral 

adipose tissue according to the method of 

chomzynski and sacchi (1987), using thermo 

scientific Gene Jet RNA purification kit 

obtained from thermos fisher scientific Inc., 

Rochester, New York, USA. Reverse 

transcription (RT) of RNA into cDNA and the 

PCR amplification in the presence of specific 

primers of resistin and GLUT4 was performed 

using therom scientific Verso 1-Step RT-PCR 

Reddy Mix Kit (Thermos fisher scientific Inc., 

Rochester, New York, USA) and thermal cycler 

Techen 312 (Fisher scientific, Leicester. LE11 

5RG). The sense and anti-sense specific 

primers of resistin and GLUT4 were obtained 

from Biosearch technologies, south McDowell 

Blud, Petaluma, CA, USA.  

The RT-PCR products were loaded and 

electrophoresed at 90 Volts on 1.5% agarose 

gel stained with ehidium bromide in 1X Tris 

Borate EDTA buffer (TBE) pH 8.3-8.5). The 

bands on the agarose gel were viewed by UV 

transilluminator in a dark chamber and 

photographed by a camera using Gel 

Documentation System obtained from Raya 

GelDocu Advanced Program accessed from 

Raya for the Scientific Services, Giza, Egypt. 

The mRNA levels of resistin and GLUT4 were 

normalized to β-actin. 

 

Gene Forward primer sequence Reverse primer sequence Ref. 

Β-actin 

(housekeeping 

gene) 

GLUT4 

Resisten 

 

 

5’TCACCCTGAAGTACCCCATGGAG3’ 
 

5’GGACCGCGAATAGAAGAAAGAC3’ 

   5’AGTCCACAGAGAGGCACCTG’ 

 

 

5’TTGGCCTTGGGGTTCAGGGGG3’ 

 
5’CAACTTCATCATCGGCATGG3’ 

5’GCGCAGTCTTAGGCTACTGG3’ 

 

Shaker and 

Sourour 

 

Bing et al., 

Tokushi et al., 

 
Determination of lipid profile: 

Serum total cholesterol, triglycerides, 

hight density lipoprottien and low density 

lipoprotien concentrations was determined 

according to (Greenan et al., 1995). Using 

reagent kits purchased from Human 

Diagnostics (Germany). 

Determination of Heart function indicators: 

 The activities of serum aspartate 

aminotransferase (AST), Lactate 

dehydrogenase (LDH) and creatin kinase –MB 

were determined according to the method of 

(Fiolet et al., 1977; Gella et al., 1985 and 

Holmes et al., 2009). 

 

 

Statistical analysis: 

The data were analyzed using paired 

samples test of statistical package for social 

scinces (SPSS, program, version 18 for 

windows) (SPSS Inc. Chicago, IL, USA) was 

used for analysis of the data. Paired-Sample-T 

test is used to compare the results of various 

groups with each other's. P value < 0.05 was 

considered statistically significant. Data are 

expressed as mean ± SEM. 

 

https://en.wikipedia.org/wiki/Lactate_dehydrogenase
https://en.wikipedia.org/wiki/Lactate_dehydrogenase
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3. RESULTS 

Effect of epicatechin and/or gallic acid on 

glucose tolerance 

 

  

As illustrated in figure 1; the glucose 

tolerance curves of normal, diabetic control and 

diabetic treated rats reached their peaks at 1 

hour after glucose loading, then decrease 

gradually as the time extended to 3 hours. The 

OGTT curve of diabetic rats exhibited an 

enormous elevation as compared with that of 

normal ones. The serum glucose level of 

diabetic rats was highly significantly increased 

at all points (P< 0.05) at all points of OGTT as 

compared with their corresponding normal 

values. The oral administration of epicatechin 

and/or gallic acid for 4 weeks produce a great 

variation. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1. Effect of epicatechin and/or gallic acid on OGTT in STZ/NA induced diabetic rats. 
 

Effect of epicatechin and/or gallic acid on 

insulin and C-peptide levels 

 

Also founded that treatment of diabetic 

groups with epicatechin or gallic acid leads to 

increase in insulin level but the treatment with 

both epicatechin and gallic acid in combination 

produced significant increase in insulin and C-

peptide level (p value<0.05) as in table 1. 

 

 

Table 1: effect of epicatchin and/or gallic acid 

on serum insulin and C-peptide in NA/STZ – 

induced diabetic rats. 
 

C Peptide  
(ng/mL) 

Insulin 
 (mIU/mL) 

                                                                     Parameter 
Groups        

                                                                                                
1.87± 0.15 9.36±0.53 Normal  

0.45± 0.05 a 2.4±0.34 a Diabetic control 

0.58±0.04  b 4.53±0.35 b Diabetic rats treated with epicatechin  

0.61± 0.06  b 4.16±0.43b Diabetic rats treated with gallic acid 
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- Super script a significant as compared with normal control. 
 

- Super script b significant as compared with Diabetic control. 

 

The homeostatic model assessment (HOMA) 

which is a method used to quantify insulin 

resistance and beta-cell function, as in table 

2. 

Table 2: the HOMA IR, HOMA IS and 

HOMA-β cell function of diffrenet Groups of 

the NA/STZ-induced diabetic rats. 

 

 

- Super script a significant as compared with normal. 

 

- Super script b significant as compared with Diabetic control. 

 

 

Effect of epicatechin and/or gallic acid on 

mediators  

 

RT-PCR had been done for estimate the 

expression of genes Glut 4 (Glucose transporter 

type 4) and Resistin (insulin resistant) with 

Beta actin as a house keeping gene. There was 

difference between PCR products of normal 

control or diabetic control and diabetic groups 

treated with epicatechin and/or gallic acid as in 

table 3. 
 

 

Table3: effect of epicatchin and/or gallic acid 

on resistin and Glucose transporter type 4 

(GLUT4) According to Beta-actin (β-actin) in 

STZ/NA – Induced Diabetic Rat

 

 

 
 

0.8686±0.03 b 6.45±0.45 b Diabetic rats treated with epicatechin and gallic acid  

 

HOMA IR 

 

HOMA IS 
HOMA- β cell 

function 

                                        Parameters                                             

      Groups                                                          

1.70±0.08 1.40±0.07 2.18±0.32 Normal 

2.68±0.17 a 0.71±0.11 a 0.18±0.04 a Diabetic control 

2.30±0.04  b 0.96±0.01 b 0.35±0.05 b Diabetic rats treated with  epicatechin 

2.15±0.32 b 0.91±0.16 b 0.40±0.12 b Diabetic rats treated with gallic acid 

2.00±0.17 b 1.11±0.05 b 0.75±0.14 b Diabetic rats treated with epicatechin and gallic acid  

 

GLUT4 mRNA/β-

actin (%) 

 

Resistin mRNA/β-

actin (%)  

Parameter                                 
                                                        Groups                                                                                                                                                     

https://en.wikipedia.org/wiki/Insulin_resistance
https://en.wikipedia.org/wiki/Insulin_resistance
https://en.wikipedia.org/wiki/Beta-cell
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- Super script a significant as compared with normal. 

- Super script b significant as compared with Diabetic control. 
 

Effect of epicatechin and/or gallic acid on lipid profile 

 

 

The serum Total cholesterol, 

triglycerides, high density lipoprotein and low 

density lipoprotein. Elevated in NA-STZ 

diabetic rats as compared with normal rats, the 

treatment of diabetic rats with epicatechin 

and/or gallic acid produced a potential 

amelioration as decreased the total cholesterol, 

triglycerides, LDL, and increase the HDL levels 

as in Table 4. 

Table 4: Serum lipid profile in normal, diabetic 

control and diabetic rats treated with 

epicatechin and/or gallic acid.  
 

 
                                                                                Parameter                                                                                                                                     

 Groups  
 

Cholesterol   
(mg/dl) 

Tri 
glycerides      

(mg/dl) 

HDL-
Cholesterol 

LDL-
Cholesterol 

Normal 73.00 ± 3.34 44.00±5.43  36.66±3.01 33.53±0.58 

Diabetic control 114.66±5.83 a 87.50±5.43 a 26.16±2.48 a 71.00 ± 2.75a 

Diabetic rats treated with  epicatechin 93.66±5.392 b 69.00±4.09 b 30.83±3.18 b 45.68±2.75 b 

Diabetic rats treated with gallic acid 96.33±4.32 b 73.66±5.35 b 28.83±3.18 b 48.68±1.19 b 

Diabetic rats treated with epicatechin and 
gallic acid  

84.16±3.00 b 56.66±3.98 b 32.33±4.22 b 36.00±1.37 b 

 

- Superscript a: significant as compared with normal. 

- Superscript b: significant as compared with Diabetic control.   

Effect of epicatechin and/or gallic acid on 

heart function indicators 

Depict the effect of epicatechin and/or 

gallic acid administration on some cardiac 

function biomarkers in serum of diabetic rats. 

Serum CK-MB, AST and LDH activities were 

increased all in diabetic rats compared with 

normal one. However the treatment with 

epicatechin and/or gallic acid produces a 

significant decrease in all of these parameters 

compared with diabetic ones but we found that 

the treatment by a mixture of epicatechin and 

gallic acid seemed to be more effective and 

improve especially serum CK-MB and LDH 

than each alone.  
 

 

Table5: effect of epicatchin and/or gallic acid on serum enzyme activities related to heart function in 

STZ/NA – Induced Diabetic Rats. 

154.33±10.95 85.21±6.39 Normal 

100.61±3.24
a
 117.54±18.67 

a
 Diabetic control 

105.95±2.9 
b
 102.44±14.7 

b
 Diabetic rats treated with  epicatechin 

103.09±7.95 
b
 91.02±8.8 

b
 Diabetic rats treated with gallic acid 

130.57±7.57
 b

 86.74±11.68 
b
  Diabetic rats treated with epicatechin and gallic acid  

AST 

(U/L) 

LDH  

(U/L) 

CK-MB 

 (U/L) 

                                                                                                 

                                                                      Parameter                                                                                                          

Group                                                                                
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- Superscript a: significant as compared with normal. 

- Superscript b: significant as compared with Diabetic control.  

 

4. DISCUSSION 

Type 2 diabetes is typically a chronic 

disease associated with a ten-year-shorter life 

expectancy (Melmed et al., 2015). This is partly 

due to a number of complications with which it 

is associated, including: two to four times the 

risk of cardiovascular disease, 

including ischemic heart disease and stroke; a 

20-fold increase in lower limb amputations, and 

increased rates of hospitalizations. (Melmed et 

al., 2015). In the developed world, and 

increasingly elsewhere, type 2 diabetes is the 

largest cause of 

nontraumatic blindness and kidney failure 

(Ripsin et al., 2009). It has also been associated 

with an increased risk of cognitive 

dysfunction and dementia through disease 

processes such as Alzheimer's 

disease and vascular dementia (Pasquier et al., 

2010) Other complications include acanthosis 

nigricans, sexual dysfunction, and frequent 

infections (Vijan, 2010).  

               Lifestyle factors are important to the 

development of type 2 diabetes, including 

obesity and being overweight (defined by 

a body mass index of greater than 25), lack of 

physical activity, poor diet, stress, 

and urbanization (Abdullah et al., 

2010). Excess body fat is associated with 60–

80% of cases in those of European and African 

descent also among those who are not obese, a 

high waist–hip ratio is often present (Gardner et 

al., 2011). Smoking appears to increase the risk 

of type 2 diabetes mellitus (Pan et al., 2015). 

Dietary factors also influence the risk of 

developing type 2 diabetes. Consumption of 

sugar-sweetened drinks in excess is associated 

with an increased risk (Malik, et al., 2010). The 

type of fats in the diet are important, 

with saturated fats and trans fatty 

acids increasing the risk, 

and polyunsaturated and monounsaturated 

fat decreasing the risk, eating a lot of white 

rice appears to play a role in increasing risk (Hu 

et al., 2012). A lack of exercise is believed to 

cause 7% of cases, persistent organic 

pollutants may play a role (Jump et al., 2010). 

                  The development of type 2 diabetes 

is caused by a combination of lifestyle and 

genetic factors while some of these factors are 

under personal control, such as diet and obesity, 

other factors are not, such as increasing age, 

female gender, and genetics (Melmed et al., 

2015). A lack of sleep has been linked to type 2 

diabetes this is believed to act through its effect 

on metabolism (Touma et al., 

2011). The nutritional status of a mother during 

fetal development may also play a role, with 

one proposed mechanism being that of 

altered DNA methylation the intestinal 

bacteriæ Prevotella copri 

and Bacteroides vulgatus have been connected 

with type 2 diabetes (Pedersen et al., 2016).  

         Oral glucose tolerance test (OGTT) is a 

well assay for screening the antihyperglycemic 

activity of any hypoglycemic agent (Manish et 

al., 2016). In the diabetic animals, the present 

data indicate a marked increase in serum 

34.66±3.07
 
 189.66±14.79  38.78±1.87 

Normal control 

68.66±4.63
b
 615.5± 24.88 

a
 110.25±9.8 

a
 Diabetic control 

54.33±3.66
b
 266.83±14.89

 b
 85.83±5.19

 b
 Diabetic rats treated with  epicatechin 

59± 2.6 
b 274.16±14.66

 b
 90.51± 5.08 

b
 Diabetic rats treated with gallic acid 

47.16±5.9
b 248.83±13.78

 b
 53.5±6.18 

b
 Diabetic rats treated with epicatechin and gallic acid  

https://en.wikipedia.org/wiki/Cardiovascular_disease
https://en.wikipedia.org/wiki/Ischemic_heart_disease
https://en.wikipedia.org/wiki/Stroke
https://en.wikipedia.org/wiki/Amputations
https://en.wikipedia.org/wiki/Hospitalization
https://en.wikipedia.org/wiki/Blindness
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glucose levels as compared to normal rats but 

by the treatment with epicatechin or gallic acid 

or the two in combination produced a great 

hypoglycemic effect on rats espicilly treated 

with a mixture of epicatechin and gallic acid 

and these results agree with (Bahadoran et al., 

2013; Ly et al., 2015; Marcela et al., 2016 and 

Yang et al., 2016). Glucose intolerance could 

arise from either a defect in insulin secretion as 

in case of insulin dependent diabetes mellitus or 

a defect in insulin resistance as in case of non-

insulin dependent diabetes mellitus 

.Diabetogenic agents, like STZ, selectively 

destruct β-cells of the islets of Langerhans in 

the pancreas (Amin et al., 2016). Results in an 

inhibition of the insulin synthesis and elevation 

of blood glucose due to (a) a reduce entry of 

glucose to peripheral tissue, muscle and adipose 

tissue (Birbrair et al., 2013). (b) Increase 

glycogen break down (María et al., 2016) (c) 

increase gluconeogenesis and hepatic glucose 

production (RAFAEL et al., 2015). 

 Adminstration of STZ caused rapid 

destruction of pancreatic β-cells in rats, which 

led to impaired glucose stimulated insulin 

release and insulin resistance, both of which are 

marked feature of type II diabetes (Amin et al., 

2016). In comparison with the normal control 

rats, the present study revealed a highly 

significant decrease in fasting (insulin and C-

Peptide levels) of NA/STZ diabetic rats. Serum 

insulin and C-Peptide concentrations was 

increased markedly as a result of treating 

diabetic rats with epicatechin or gallic acid and 

these results run parallel with Xiao et al. 

(2015), Hanhineva et al. (2010) and Yoona et 

al. (2016) and here in our study we found that 

the combination between epicatechin and gallic 

acid have the greatest effect. Thus it was 

hypothesized that the possible mechanism of 

epicatechin and gallic acid on hypoglycemic 

action may be through potentiation of 

pancreatic secreation of insulin and C-Peptide 

from β-cell of islets and / or enhanced transport 

of blood glucose to the peripheral tissue, or by 

another mechanism such as stimulation of 

glucose uptake by peripheral tissue, inhibition 

of endogenous glucose production or activation 

of gluconeogenesis in liver and muscle (Rui, 

2014). 

 HOMA models a method that assesses 

β-cell function (HOMA-β), insulin sensitivity 

(HOMA IS) and insulin resistance (HOMA-IR) 

from basal glucose and insulin, or C-peptide, 

concentrations. HOMA is a member of a family 

of paradigmatic models which are 

physiological-based structural models with 

theoretical solutions adjusted to population 

norms. Thus, data from individuals can be used 

to yield estimates of β-cell function and insulin 

sensitivity from the solution of the model 

without further computation. HOMA is a model 

of the relationship between glucose and insulin 

dynamics that predicts fasting steady-state 

glucose and insulin concentrations for a wide 

range of possible combinations of IR and β-cell 

function. Insulin levels depend on the 

pancreatic β-cell effect on glucose 

concentrations, while glucose concentrations 

are regulated through insulin-mediated glucose 

production by the liver. Thus, deficient β-cell 

function will echo a diminished response of β-

cell to glucose-stimulated insulin secretion 

similarly, IR is reflected in the diminished 

suppressive effect of insulin on hepatic glucose 

production. Therefore, HOMA describes this 

glucose–insulin homeostasis (Muniyappa et al., 

2008) and complementing to the improved 

results of insulin and C-Peptide concentration 

we found also that by the treatment the β-cell 

function and insulin sensitivity increase 

gradually and the insulin resistance decreased 

these results are in agreement with Abdul et al, 

(2006), Song et al. (2014), Santana et al. (2015) 

and Chih et al. (2015). The mixture of 

epicatechin and gallic acid was the most potent 

in improving β-cell function. 

 As the transport of glucose into most 

mammalian cells occurs by facilitated diffusion, 

mediated by a family of glucose transporter 

protein (Zhao and Keating, 2007). Insulin 

sensitive tissue express GLUT4, which is 

responsible for the large increase in glucose 

uptake into skeletal muscle, cardiac muscle, and 

adipose tissue (Birgit et al., 2015). In diabetic 

state, adipocytes show a dramatic reduction in 

GLUT4 expression, which is due to repression 
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at a pretranslational level, because GLUT4 

mRNA levels are also very markedly reduced 

(Nathan et al., 2016). 

 Here our study found that the rate of 

adipose tissue GLUT4 mRNA was significantly 

decreased in NA/STZ diabetic rats when 

compared to normal ones and this agree with 

various puplications (Palsgaard, 2009; 

Kampmann, 2011; Ramachandran et al., 2015; 

Andreas et al., 2017).  In which STZ-induced 

diabetes is characterized by a repressed 

transcription rate of GLUT4 gene in adipose 

tissue. Treatment with epicatechin as well as 

gallic acid induced a potential increase in 

GLUT4 mRNA expression which contributed 

to the glucose lowering mechanism of both 

tested agents. The increased GLUT4 expression 

may be due to insulin secretory and sensitizing 

effects of epicatechin and gallic acid also the 

bestiality still by treatment with the mixture of 

the two products. 

  Resistin possesses the characteristics of 

inflammation factors, such as inhibiting 

generation of adipose cells, enhancing 

resistance against insulin and regulating 

glycometabolism, which could finally lead to 

atherosclerosis (Codoner et al., 2015). Our 

study found that the resistin increased in 

diabetic rats and this in line with (Yacir et al., 

2013; Chiara et al., 2016; Asimina et al., 2016) 

but after treatment with epicatechin and gallic 

acid decreased gradually and the most 

preferable results found by treatment with the 

combination of two products. 

Regarding the antihyperlipidemic effect 

of insulin, it is well known that insulin activates 

the enzyme, lipoprotein lipase (LPL), which 

hydrolyzes triglyceride under normal 

conditions. Dysfunction of LPL in insulin 

deficient state contributes to 

hypertriglyceridemia due to impaired 

catabolism of triglyceride-rich particles 

(Daisaku et al., 2017). On other hand, insulin 

increases receptor mediated removal of LDL-

cholesterol and hence decrease activity of 

insulin during diabetes leads to increased level 

of serum LDL-cholesterol and consequently 

hypercholesterolemia (Irena et al., 2010; 

Sebastiano et al., 2011). The abnormally high 

concentration of serum lipids in DM is mainly 

due to an increase in the mobilization of FFAs 

from the peripheral fat depots, since insulin 

inhibits the hormone-sensitive lipase (HSL) 

(Emily et al., 2016). The marked 

hyperlipidemia that characterizes the diabetic 

state may. Therefore, be regarded as a 

consequence of the uninhibited actions of 

lipolytic hormones on fat depots. Excess of 

fatty acids in plasma produced by STZ 

promotes the liver conversion of some fatty 

acids to phospholipids and cholesterol. These 

two substances, along with excess of TG 

formed in the liver, may be discharged into 

lipoproteins in the blood. As a result, serum 

phospholipids are elevated (Yue Yuan et al., 

2016). 

In the current study, the rise in blood 

glucose was accompanied by a marked increase 

in total cholesterol (TC), low density 

lipoprotein cholesterol (LDL-C), triglycerides 

(TG) and reduction in hight density lipoprotein 

cholesterol (HDL-C) in NA/STZ diabetic rats 

these results (Puhong et al., 2016; Ben Hmad et 

al., 2016; Ntchapda et al., 2017). Here the 

treatments of NA/STZ diabetic rats with 

epicatechin and/or gallic acid produced a 

sensational improvement of altered serum lipid 

variables. These results agree with (Sauvik et 

al. (2013), Ya Ju et al. (2015), Zhao et al. 

(2014), Pal et al. (2012) and Razack et al. 

(2015). 

In reference to the serum biochemical 

markers of cardiac function the present study 

revealed that serum CK-MB, AST, LDH 

enzyme activities were markedly increased in 

diabetic rats and this coincide with 

(Suanarunsawat et al., 2011; 

SUANARUNSAWAT et al., 2016). We also 

found that epicatechin and gallic acid reduces 

the risk of Myocardial infarction (MI) which is 

a common presentation of ischemic heart 

disease (IHD) and play an important role in the 

treatment of coronary artery diseases (CAD) 

(Khalil et al., 2015). CK-MB isoenzyme 

activity is useful as an index for the early 

diagnosis of not only myocardial infarction, but 

also any type of myocardial injury. Leakage of 

cytosolic enzymes including CK-MB, LDH, 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuan%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27920529
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and AST into the blood stream may occur when 

cell membranes become more permeable or 

rupture (Khalil et al., 2015). The amounts of 

these cellular enzymes in the serum reflect the 

alterations in plasma membrane integrity and/or 

permeability. Furthermore, the amount of the 

enzymes appearing in serum is reported to be 

proportional to the number of necrotic cells, 

which also reflects a nonspecific alteration in 

the plasma membrane integrity and/or 

permeability as a response to β-adrenergic 

stimulation (APASL et al., 2008; Jason et al., 

2016).   

 

          Pretreatment with epicatechin and/or 

gallic acid, however, resulted in lowered 

activities of all marker enzymes in the serum, 

indicating that epicatechin and\or gallic acid 

helps in maintaining the membrane integrity, 

thereby restricting the leakage of these 

enzymes. Phenolic acids such as gallic acid and 

flavonoids such as catechin are important 

constitutive antioxidants as in our study. 

 

5. CONCLUSION 

          Our results clearly indicate that both 

epicatechin and gallic acid, have hypoglycemic 

effects in NA/STZ-induced diabetic rats which 

may be mediated via potentiation of insulin 

secretion from β-cells resulting in better control 

of hypoglycemia and its related abnormalities; 

therefore, it can concluded that both 

compounds especially the mixture of 

epicatechin and gallic acid are potent 

hypoglycemic agents that can prevent the 

development of diabetic complications. 
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