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Abstract: The present work was designed to evaluate the role of pine bark extract (PBE) in protecting rats 

from oxidative stress produced by recurrent hypoglycemia. The animals were grouped as the following: control 

group, PBE-treated group (treated with 150 mg/ kg b wt; daily via oral gavage for 30 consecutive days); 

recurrent hypoglycemia group (injected with 1.14 units of insulin/ kg b wt; day after day subcutaneously, for 30 

days) and recurrent hypoglycemia & PBE-treated group (the rats received PBE and insulin as in group 2 and 

group 3, respectively). Serum glucose and total proteins (TP) as well as liver and brain glycogen contents were 

significantly decreased when compared with both control and PBE-treated groups but, they were increased 

significantly when compared with recurrent hypoglycemia group.Whereas serum insulin and γ-Glutamyl 

transferase (γ-GT) activity were increased when compared with both control and PBE-treated groups. Liver and 

brain total antioxidant capacity (TAC) as well as, superoxide dismutase (SOD), catalase (CAT) and glutathione-

s-transferase (GST) activities were significantly decreased when compared with both control and PBE-treated 

groups. Whereas, malonedialdehyde (MDA) levels of both liver and brain tissues were increased significantly 

when compared with both control and PBE-treated groups. Liver glutathione (GSH) content showed significant 

decrease whereas, brain GSH showed insignificant change.  
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I. Introduction 

The balance between harmful and beneficial effects of free radicals are very important for living 

organisms [1]. Recurrent Hypoglycemia is achieved due to increased insulin doses for patients with diabetes 

type I or may be as a result of a congenital deformity of the metabolic processes or birth defects in insulin 

secretion for people who have diabetes. Several previous studies showed that hypoglycemia can cause oxidative 

stress by increasing reactive oxygen species (ROS) which caused brain tissue injury and death [2] [3] [4] [5] or 

by increasing the production of lipid peroxidation products (LPO) such as MDA [6] [7] [8] and the deficiency in 

the activity of SOD as well as the depletion of GSH content in the crust and hippocampus areas of the brain of 

mice [6] [8]. Pine bark extract (PBE) has many phenolic compounds such as catechins and epicatechins with 

beneficial impacts for human health.PBE from the French maritime pine tree (Pycnogenol, PY); Pinus pinaster. 

PY was described as a dietary supplement in many countries especially the United States as it is very safe. All 

its components are involved in and work to disable free radicals and stimulates body cells to duplicate 

antioxidants production in addition, they neutralize directly the free radicals [9] [10] [11]. 

Pine bark extract can increase the activity of endogenous antioxidants such as GSH, SOD, and catalase 

(CAT). Giving PY for children with attention deficit hyperactivity disorder (ADHD) significantly decreased 

oxidized glutathione (GSSG), increased GSH, and improved ratio of GSH/ GSSG as well as the TAC level was 

restored to the normal level [12]. Polyphenols of PY increased the synthesis of zinc and copper SOD 

significantly and decreased γ-GT activity in the blood of diabetic rats to the normal level [13]. French PBE (PY) 

protected against oxidative stress caused by Cisplatin in the bone marrow, kidney and red blood cells in the 

white rats. PY significantly ameliorated MDA level and nitric oxide to the normal level, as well as increased 

antioxidant enzymes activity and they suggested that PY has a protective effect against the toxicity associated 

with treatment with Cisplatin [14]. Pine bark extract protected against oxidative damage induced by chromium 

toxicity in rat's skin. The results obtained showed that PBE reduced the level of LPO, while it increased CAT 

and GST activity [15]. 

Many of the laboratory and clinical studies supported the protective role of PY to control diabetes. PY 

significantly reduced the level of MDA and protein carbonyl (PC) to the normal level, as well as it maintained 

GSH and GST and CAT activity in liver tissue to the normal range [16] The lipids, proteins and DNA are the 

basic targets of oxidative damage and the inhibition mechanism of the LPO by  pine bark of Pinus pinaster; PY 

included direct removal of free radicals, especially OH
•
 and O2

•-
. Studies have shown that PY can prevent 

oxidative damage to lipids and proteins [17]. PY is used in medical conditions induced by oxidative stress. The 

present study aimed to test the ability of PBE to protect body cells from oxidative stress status that results from 

recurrent hypoglycemia in male albino rats [18]. 

 

https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwiO2aW6lJfSAhVNOMAKHey6DYIQFggaMAA&url=https%3A%2F%2Fwww.nimh.nih.gov%2Fhealth%2Ftopics%2Fattention-deficit-hyperactivity-disorder-adhd%2F&usg=AFQjCNGBH_uHENuq9JY-odWvGGY3XIlTFw
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II. Materials And Methods 
2.1. Chemicals  

Pine bark extract was obtained from Swanson Health Company, USA. Insulin used is manufactured by 

SEDICO Pharmaceutical Co and was obtained from local pharmacy. All other chemicals were purchased ready 

as kits from Bio-diagnostic Company, Cairo, Egypt.    

2.2. Experimental animals 

Forty Wistar male rats were obtained from the VACCERA center in Helwan city, Helwan governorate, 

Egypt and used for the experiment; their weights range between 120 and 140 g. They were remained for a week 

before the start of the experiment for acclimatization. They were caged under healthy conditions and light: 

darkness cycle (12 hours light - 12 hours of darkness). Water was available for the whole duration of the 

experiment. 

2.3. Experimental design 

The rats were divided randomly into four groups (10 rats for each group) as follows: Group I: served as 

control; they did not receive any treatment. Group II: PBE-treated group; they were treated (orally by stomach 

tube) with a dose of 150 mg PBE/ kg b wt.; daily for 30 consecutive days. Group III: group of insulin-treated 

(the case of recurrent hypoglycemia) they were injected with a dose of 1.14 units of insulin / kg b wt.; day after 

day subcutaneously, for 30 days. Group IV: insulin and PBE- treated group; they were injected with PBE as in 

group II, as well as insulin, as in group III. 

2.4. Blood sampling 

At the end of the experiment, the overnight fasted animals were anesthetized by ether, dissected 

quickly and by using a syringe, blood sample was withdrawn directly from the ventricle and then put in 

centrifuge tube and left for 20 minutes until full blood clot (at room temperature) and then centrifuged at 3000 

rpm for 15 min. Blood serum was separated using a dropper of  Pasteur, a volume of serum was directly used for 

measuring glucose and the rest of the serum sample was stored in the refrigerator at a temperature of -20C° until 

making the rest of biochemical analyses later. 

2.5. Liver and brain tissue homogenates preparation 

A weight of each liver or brain was used, then placed in a dry and clean centrifuge tube, grinded by 

homogenizer in phosphate buffer solution to prepare a 10% weight/ volume homogenate. It was centrifuged and 

supernatant was separated for each sample (except that for GSH determination); using micropipettes, put in 

clean and dry Eppendorf tubes, then labelled and stored at -20 ° C for subsequent analyses. 

2.6. Methods 

All parameters were assessed by using assay kits from Bio-diagnostic Company, Cairo, Egypt. Insulin 

was determined using ELISA technique. Glucose, Glycogen, GSH, GST, CAT, SOD, TAC, γ-GT, MDA and TP 

were determined according to the methods of [19], [20], [21], [22], [23], [24], [25], [26], [27] and [28], 

respectively.  

2.7. Statistical analyses 

Statistical methods that have been followed in the analyses of the data were 1.Descriptive methods; using 

the arithmetic mean and standard error. 2. Deductive methods; using: A) One-way analysis of variance 

(ANOVA) for comparison between the different groups. B) Least Significant Difference (LSD) was used when 

there was a difference between the groups. 

 

III. Results 

Table (1): Biochemical changes in control and different treated rat groups. 

 
[-5.53] 

 

Values are mean± SE of 10 samples. Least significant difference (LSD) between groups are considered 

significant at P≤ 0.05.  
ο
 = significant with control, 

•
 = significant with PBE and 

×
 = significant with recurrent 

hypoglycemia group. Values between parentheses are % of change from control.  

http://www.sedico.net/English/Products/WebPages/Insulin/Insulin_e.htm
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Table (1) showed that serum glucose, TP as well as liver and brain glycogen contents were 

significantly decreased when compared with both control and PBE groups but, they were increased significantly 

when compared with recurrent hypoglycemia group. Whereas serum insulin level and γ- GT activity were 

increased when compared with both control and PBE groups but, they were decreased significantly when 

compared with recurrent hypoglycemia group. Only the brain glycogen and the TP have reached the normal 

range due to PBE treatment. 

 

Table (2): Liver oxidative stress markers in control and different treated rat groups. 

 
 

Values are mean± SE of 10 samples. LSD between groups are considered significant at P≤ 0.05. 
ο
 = 

significant with control, 
•
 = significant with PBE and 

×
 = significant with recurrent hypoglycemia group. Values 

between parentheses are % of change from control.  

 

Table (2) showed that liver GSH, TAC contents as well as liver CAT, SOD GST activities were 

significantly decreased when compared with both control and PBE groups but, they were increased significantly 

when compared with recurrent hypoglycemia group. Whereas MDA was increased significantly when compared 

with both control and PBE groups but, it was decreased significantly when compared with recurrent 

hypoglycemia group. Most parameters (GSH, SOD & TAC) have reached the normal range due to PBE 

treatment. 

 

Table (3): Brain oxidative stress markers in control and different treated rat groups. 

 
 

Values are mean± SE of 10 samples. LSD between groups are considered significant at P≤ 0.05. 
ο
 = significant 

with control, 
•
 = significant with PBE and   

×
 = significant with recurrent hypoglycemia group. Values between 

parentheses are % of change from control.  

 

Table (3) showed that brain TAC content as well as liver CAT, SOD GST activities were significantly 

decreased when compared with both control and PBE groups but, they were increased significantly when 

compared with recurrent hypoglycemia group. MDA was increased significantly when compared with both 

control and PBE groups but, it was decreased significantly when compared with recurrent hypoglycemia group. 

GSH showed insignificant changes when compared with all other groups. Only the SOD activity and TAC have 

reached the normal range due to PBE treatment. 
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IV. Discussion And Conclusion 
Hypoglycemia (Glucose level ˂ 60 mg/100ml) is caused by congenital or acquired reasons. Persons 

with diabetes are much more susceptible to the condition of hypoglycemia due to drugs which increases the 

activity of insulin secretion and reduces the blood glucose level. The most common forms of hypoglycemia 

occur as a complication of diabetes with insulin or hypoglycemic drugs for oral therapy. Serum glucose 

deficiency is less common in people without diabetes, but can occur at any age through excessive insulin 

production (cancer of islets of Langerhans), a hereditary and error in metabolism, drugs and toxins, alcohol, lack 

of certain hormones such as growth hormone and cortisol for long periods [29]. 

Reliance on what explained by [30] which indicated that hypoglycemia induced by insulin caused a 

decline in GSH and SOD in rat's brain, liver and kidney tissues; as well as the results of the study conducted by 

the [6] on healthy persons for the study of antioxidant activity in the case of hypoglycemia induced by insulin, 

where they concluded an increase in MDA content and increased γ-GT activity and a decrease in SOD activity 

as well as GSH level. Also, the results obtained by [2] indicated that hypoglycemia may cause an increase in 

oxidative stress in the brain tissue and a decrease in activity of SOD. Therefore, this study aimed to investigate 

the effect of the PBE on semantics oxidative stress; through follow-up of the activity of the enzymes CAT, 

SOD, GST and TAC, MDA contents, in homogenates of liver and brain of rats subjected to recurrent 

Hypoglycemia.The results of this study showed that treatment of rats with insulin only- the group of recurrent 

hypoglycemia- caused a significant decrease in serum glucose level and the TP content in blood and it was 

accompanied by a significant increase in insulin level and in serum γ- GT, compared to the control group. These 

results mean that the increase in insulin and frequent hypoglycemia has negative effects on the liver, where it 

decreased the TP content and also increased the liver enzymes activity. Decreased protein content may be due to 

significant elevation in insulin levels which stimulates body cells to take amino acids, which represent the basic 

units of proteins and to exploit these acids in the synthesis of proteins. Thus, any defect in insulin directly 

affects the growth process and increased liver enzymes activities can be explained by the significant increase in 

oxidative stress in the liver [31]. 

It also found that recurrent hypoglycemia due to insulin injection reduced unexpectedly, liver glycogen 

content significantly.While the decrease in the brain's glycogen wasn't significant. There was a significant 

decrease in the activity of antioxidant enzymes in the liver and the brain tissues, such as CAT, SOD and GST 

with a significant decrease in GSH and TAC, and on the contrary, there was a significant increase in MDA in 

the liver and brain tissues. These results confirm the increased oxidative stress in case of insulin-induced 

hypoglycemia and that the main reason for the increased oxidative stress in a patient with diabetes not only due 

to the increased glucose content, but also due to hypoglycemia. 

The results of this study are concomitant with the results of the study carried out by the [2] which 

showed that hypoglycemia may cause an increase in oxidative stress in the brain tissue, and also with the study 

carried out by [8] which stated that hypoglycemia has led to an increase in the level of MDA with the decreased 

activity of SOD and GSH content of the  brain's cortex and is also consistent with studies conducted by [32], 

[33],  [34] and [35]. The accumulation of large quantities of zinc in neurons as a well as the result of decreased 

glucose level; has led to an increase in the production of ROS in the nerve cells which led to increased oxidative 

stress in the brain cortex and the hypothalamus and hypoglycemic coma and brain injury are complications. The 

potential for the treatment of insulin and oxidation resulting from the shortage of sugar is the main cause of 

death of the nerve cells [3].  

The results of the present study showed that the treatment of normal rats with PBE only, significantly 

increased serum glucose and TP contents accompanied by an insignificant decrease in insulin level and in the 

hepatic γ- GT, when compared to the control group. These results suggested that the use of PBE in control rats 

had no effects on blood glucose level, insulin and TP and it improved the activity of liver enzymes and this can 

be explained on the basis that PBE protected the liver from oxidative stress [17] [18] [36]. 

It was also found that the use of PBE for normal rats did not affect the glycogen content in the liver and 

brain. On the contrary, it has been found that the use of PBEY increased the activity of antioxidant enzymes in 

the liver and the brain, such as the CAT of liver and brain, SOD of liver and this increase was statistically 

significant, while the PBE increased insignificantly the activity of GST, the content of GSH and TAC in the 

liver and brain tissues. On the other hand, the use of PBE in rats reduced the content of MDA in the liver and 

brain tissues. These results suggested that the use of PBE in rats improved the case of oxidative stress by 

increasing the activity of CAT, SOD and also by reducing the end products of oxidative stress of lipids 

membranes (MDA). These results indicated that the use of PBE improved liver functions and oxidative stress in 

the liver and brain tissues; through improving the activity of the enzymes CAT, SOD, GST and MDA content in 

rats treated only by PBE when compared to the control group. The results are compatible with that obtained by 

[9] [13] [14] [15] [16] [37] [38] [39]. The results of this study showed that treatment of rats with PBE and 

insulin has led to significant increase in glucose and protein content of the liver; this was accompanied by 

significant decrease in insulin and also in hepatic γ- GT comparing with recurrent hypoglycemia group. These 
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results indicated that the use of PBE in case of recurrent hypoglycemia improved glucose and liver functions. 

Improved liver functions can be interpreted according to the results of this study because of the improvement in 

oxidative stress of the liver. These results are consistent with the findings of [38] and [40] who recommended 

that, the use of PBE improved liver glycogen significantly, but in case of recurrent hypoglycemia the 

improvement was insignificant.  

The results of the current study showed that PBE increased the activity of antioxidant enzymes in the 

liver and the brain, such as the CAT, SOD and GST with a significant increase in GSH content and in the total 

antioxidant capacity (TAC) and also there was a significant decrease in liver and brain MDA. These results 

suggested that improved state of oxidative stress as a result of the frequent lack of sugar through insulin 

injections was achieved by PBE treatment. The results obtained in the present study were consistent with that of 

[12] [14] [38] [40] on children for of GSH and TAC also with [15] for GSH, CAT and SOD, GST. Also 

coincided current findings regarding moral increase in the TP content in the animals treated group PBE and 

insulin only with the study conducted by [39], although the increase in the content of GSH in addition to 

increasing the activity of GST, CAT and SOD, which led to a rise in the TAC by treatment PBE due to the 

ability of cells to stimulate the production of components for most of the antioxidants in addition to the doubling 

of the cell's production of the SOD, CAT and the GSH, which represent  the most powerful weapon to disable 

free radicals [41].  

 

V. Conclusion 
Recurrent hypoglycemia induced oxidative stress in rats and treatment with PBE showed an 

ameliorative effect against oxidative status produced, as it modulates most of tested parameters of oxidative 

stress to be close to the normal values.      
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