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formation of peroxides [10]. Lipid peroxidation (LPO) is a key marker 
of oxidative stress. It is a free radical-induced process causing oxidative 
deterioration of polyunsaturated fatty acids that eventually results in 
extensive membrane damage and dysfunction [11].

Management of diabetes without any toxic side effects is still a 
challenge to the medical system. There is an increasing demand by 
patients to use natural products with anti-diabetic activity, because 
insulin and oral hypoglycemic agents have so many side effects. Hence, 
the researchers are searching new treatment for diabetes mellitus 
without side effects. Recently, plant based treatment has been thought 
to be effective for the prevention and control of various diseas es 
including diabetes [12].

Antioxidants derived from medicinal plant source are gaining 
more attention as free radical scavengers as they protect against 
ROS-induced oxidative stress/damage. Nowadays, natural therapies 
gain importance as they have been shown to regulate the oxidative 
complications of diabetes [13]. Antioxidants are used as well-known 
supportive therapy in the management/treatment of diabetes. Thus, 
there is an increasing demand for natural products with antidiabetic 
and antioxidant properties to attenuate induced oxidative stress and its 
complications [14]. Among the natural products, phloretin compound 
are attracting the interest because of their beneficial effect. Phloretin 
has been reported to have pharmacological effects including anti-
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Abstract
Diabetes mellitus is a chronic metabolic disorder characterized by hyperglycemia which affects all the metabolic pathways. Hyperglycemia mediated oxidative stress 
plays a key role in diabetic complications. Hence, this study was undertaken to evaluate the protective effect of phloretin on streptozotocin induced diabetic rats. The 
levels of blood glucose, insulin, lipid peroxidation, enzymatic and non-enzymatic antioxidant status were analysed in diabetic and diabetic with phloretin treated rats. 
In this study, the significant increase in serum glucose and lipid peroxidative markers like thiobarbituric acid reactive substance (TBARS), lipid hydroperoxides (HP) 
and conjugated diene (CD) in plasma, liver and kidney were observed in diabetic rats. Reduction in the levels of serum insulin, enzymatic antioxidants superoxide 
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) and non-enzymatic antioxidants vitamin C, E and reduced glutathione (GSH) were analysed in 
plasma, liver and kidney of STZ-induced diabetic rats. Oral administration of phloretin to diabetic rats for 45 days significantly reverted back the levels of glucose, 
insulin, lipid peroxidation, enzymatic and non-enzymatic antioxidants to near normal. The present findings suggest that phloretin treatment in diabetes exerts a 
protective effect by attenuating hyperglycemia mediated oxidative stress and improve the antioxidant activities. So, the phloretin may be used as food supplements 
for the treatment of diabetes. 

Introduction
Diabetes mellitus is a group of disorders of multiple etiologies 

resulting from a defect in insulin secretion, insulin action or both. Insulin 
deficiency in turn leads to chronic hyperglycemia with disturbances in 
carbohydrate, fat and protein metabolism [1]. The two major types of 
diabetes mellitus (DM) are insulin dependent (IDDM) - type 1 and non 
-insulin dependent (NIDDM) -type 2. Type 1 DM is characterized by a 
specific destruction of the pancreatic β cells commonly associated with 
immune-mediated damage [2]. Individuals with type 2 DM display a 
gradual change in glucose homeostasis due to insulin resistance and/
or decreased insulin secretion [3]. Sustained hyperglycemia leads 
to the progressive development of long-term microvascular and 
macrovascular complications which causes morbidity and mortality 
among those affected [4,5].

Presently, the number of diabetics across the world exceeds 150 
million, which has been predicted to rise > 300 million by the year 
2025 [6], and it might be due to an increase in sedentary lifestyle, 
consumption of energy rich diet, and obesity [7]. The occurrence of 
diabe tes in urbanized countries is rapidly increasing, and this pandemic 
disease is one of the most persistent causes of death in developed 
countries. According to recent stud ies in India, the number of diabetics 
would be 84–224 mil lion by the year 2025 and the most prevalence 
would be among urban population [8].

Numerous studies have shown that diabetes mellitus is associated 
with oxidative stress, leading to an increased production of reactive 
oxygen species (ROS), including superoxide radical (O2−), hydrogen 
peroxide (H2O2), and hydroxyl radical (OH-) or reduction of 
antioxidant defense system [9]. Implication of oxidative stress in the 
pathogenesis of diabetes mellitus is suggested not only by oxygen free 
radical generation but also due to non-enzymatic protein glycosylation, 
auto-oxidation of glucose, impaired antioxidant enzyme, and 
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inflammatory [15], anticarcinogenic [16] and hepatoprotective [17]. 
The potential of phloretin to trap reactive dicarbonyl species and therefore 
inhibit the formation of advanced glycation end products (AGEs) has been 
reported [18]. Hence, the present study was aimed to study the protective 
effects of phloretin on STZ induced diabetic rats through the evaluation 
of lipid peroxidation (LPO) products and the activities of enzymatic and 
non-enzymatic antioxidants in plasma, liver and kidney.

Materials and methods
Chemicals

Phloretin and streptozotocin were purchased from Sigma Chemicals 
Company, St. Louis, Mo. USA. All other chemicals and reagents were 
of analytical grade and purchased from Himedia Laboratories Pvt. Ltd, 
Mumbai, India.

Animals

Male albino rats (Rattus norvegicus) weight ranges between 180-
200 g were used in the present investigation. The animals were housed 
in standard polypropylene cages and maintained under controlled 
room temperature and humidity with 12-h light and 12-h dark cycle 
and were fed with standard diet of known composition and water ad 
libitum. The animals were acclimatized to the laboratory condition for 
2-weeks prior to the start of experiment. The study was approved by 
the institutional Animal Ethical Committee (BDU/IAEC/2015/NE/42/
Dt.17.03.2015), Bharathidasan University, Tiruchirappalli – 620 024, 
Tamilnadu, India as per committee for the purpose of control and 
supervision on experimental animals (CPCSEA) guidelines.

Induction of diabetes mellitus

Diabetes was induced in overnight fasted experimental rats by a 
single intraperitoneal injection of STZ (60 mg/kg b.w) dissolved in 
freshly prepared citrate buffer (0.1 M, pH 4.5). After five days, the 
blood glucose was analysed and determined the rats with fasting blood 
glucose greater than 250 mg/dl were used in the present study.

Experimental design 
The animals were randomly divided into five groups of six animals 

in each group. Group I - normal control; Group II - diabetic control; 
Group III - diabetic rats treated with phloretin (25 mg/kg b.w.); Group 
IV - diabetic rats treated with phloretin (50 mg/kg b.w.) and Group V - 
diabetic rats treated with glibenclamide (600 µg/kg b.w.). Phloretin and 
glibenclamide were given orally to diabetic rats using intragastric tube. 
No death of the diabetic animals was observed till the end of the study. 
The initial and final body weight of the rats in each group was recorded. 
At the end of the experimental period, the animals were deprived of 
food overnight and sacrificed by cervical decapitation. Blood was 
collected, plasma and serum was separated for the estimation of various 
biochemical parameters. Liver and kidney tissues were dissected out, 
washed in ice-cold saline and used to prepare tissue homogenate using 
phosphate buffer for the measurement of lipid peroxidation products 
and the enzymatic and non-enzymatic antioxidants. 

Biochemical assays
Determination of serum glucose and insulin 

Serum glucose was estimated using a commercial kit (Sigma 
Diagnostics Pvt, Ltd., Baroda, India) by the method of Trinder [19]. 
Insulin was assayed in serum using a commercial kit by Enzyme Linked 
Immune Sorbent Assay (ELISA) technique based on the method of 
Brugi, et al. [20].

Assay of lipid peroxidation products

The concentration of TBARS in the plasma and tissues was 
estimated by the method of Niehaus and Samuelsson [21]. Lipid 
hydroperoxide in the plasma and tissues was estimated by the method 
of Jiang et al. [22]. Conjugated dienes was assayed by the method of 
Rao and Recknagel [23].

Determination of enzymatic and non-enzymatic antioxidants

Superoxide dismutase in plasma and tissues was assayed by the 
method of Kakkar, et al. [24], catalase in plasma and tissues was 
determined by the method of Sinha [25], glutathione peroxidase in 
plasma and tissues was measured by the method of Rotruck, et al. [26], 
ascorbic acid in the plasma and tissues was estimated by the method of 
Roe and Kuether [27], vitamin E in plasma and tissues was estimated 
by the method of Baker et al. [28] and reduced glutathione in plasma 
and tissues was estimated by the method of Ellman [29].

Statistical analysis

In the present study, the data were presented as mean ± SD and 
subjected to statistical analysis and significance was calculated by one 
way Analysis of Variance (ANOVA) and the individual comparisons 
were obtained by Duncan’s Multiple Range Test (DMRT). Values are 
considered statistically significant at 5% level (p ≤ 0.05).

Results
The levels of blood glucose and insulin in normal and experimental 

animals were determined and the values are depicted in Table 1. There 
was a significant increase in the level of glucose and a significant 
decrease in serum insulin level was observed in STZ induced diabetic 
rats compared to normal control rats. Oral administration of phloretin 
and glibenclamide to diabetic rats significantly decreased the level of 
blood glucose and significantly increased the level of serum insulin 
when compared to diabetic untreated rats.

The changes in the level of lipid peroxidative markers like 
thiobarbituric acid reactive substances (TBARS) were analysed in 
plasma, liver and kidney of normal control, diabetic and diabetic 
treated rats and the results were presented in Table 2. Diabetic rats 
showed significantly elevated levels of TBARS in plasma, liver and 
kidney of STZ - induced diabetic rats when compared to normal rats. 
Oral administration of phloretin and glibenclamide to diabetic rats for 
45 days tends to bring the levels of TBARS significantly to near normal 
in plasma, liver and kidney.

Table 3 represents the level of lipid peroxidative marker like 
hydroperoxides in plasma, liver and kidney of normal control, 
diabetic and diabetic treated rats. The significantly elevated level of 
hydroperoxides in plasma, liver and kidney of STZ – induced diabetic 
rats were observed when compared to normal rats. Treatment with 
phloretin and glibenclamide to diabetic rats tends to bring the level of 
hydroperoxides (HP) to near normal.

The level of conjugated diene in plasma, liver and kidney of normal 
and experimental groups of rats were represented in Table 4. The level 
of conjugated diene (CD) was significantly increased in diabetic rats, 
when compared with normal rats. The oral administration of phloretin 
at 25 mg and 50 mg/kg b.w and glibenclamide treated diabetic rats 
showed significantly reduced levels of conjugated diene to near normal 
in plasma, liver and kidney.
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Groups Glucose
(mg/dL)

Insulin
(µU/mL)

Group I
Normal control 85.23±5.96b 53.21±1.98c

Group II
Diabetic control 284±22.68a 32.25±1.24a

Group III
Diabetic+Phloretin

(25 mg/kg b.w)
98±20.06b 45.57±1.35b

Group IV
Diabetic+Phloretin

(50 mg/kg b.w)
90±7.28b 52.65±1.85c

Group V
Diabetic+Glibenclamide

(600 µg/kg b.w)
97±20.77b 51.74±1.62c

Table 1. Effect of phloretin on serum glucose and insulin

Values are expressed as mean±SD of six rats from each group. 
Values not sharing a common superscript letter differ significantly at 5% level (P≤0.05) 
using Duncan’s Multiple Range Test (DMRT).

Groups
TBARS

Plasma
(mM/dL)

Liver
(mM/100g)

Kidney
(mM/100g)

Group I
Normal control 0.41±0.02c 0.89±0.06c 1.32±0.09c

Group II
Diabetic control  0.78±0.05a 3.62±0.28a 3.52±0.24a

Group III
Diabetic+Phloretin

(25 mg/kg b.w)
0.53±0.04b 1.56±0.10b 1.96±0.14b

Group IV
Diabetic+Phloretin

(50 mg/kg b.w)
0.46±0.03c 0.96±0.07c 1.43 ±0.10c

Group V
Diabetic+Glibenclamide

(600 µg/kg b.w)
0.49±0.03c 1.59±0.11b 1.57±0.10d

Table 2. Effect of phloretin on the level of lipid peroxidation product TBARS in plasma, 
liver and kidney

Values are expressed as mean±SD of six rats from each group.  
Values not sharing a common superscript letter differ significantly at 5% level (P≤0.05) 
using Duncan’s Multiple Range Test (DMRT).

Groups
Hydroperoxides

Plasma
(mM/dL)

Liver
(mM/100g)

Kidney
(mM/100g)

Group I
Normal control 11.35±0.79c 73.12±5.11c 66.35±4.65c

Group II
Diabetic control 24.74±1.75a 110.53±7.76a 118.13±8.28a

Group III
Diabetic+Phloretin

(25 mg/kg b.w)
15.05±1.05b 86.27±6.03b 85.73±6.00b

Group IV
Diabetic+Phloretin

(50 mg/kg b.w)
11.49±0.80c 78.59±5.50c 72.57±5.07c

Group V
Diabetic+Glibenclamide

(600 µg/kg b.w)
13.52±0.94d 85.35±5.49b 78.05±5.47d

Table 3. Effect of phloretin on the level of lipid peroxidation product hydroperoxides in 
plasma, liver and kidney

Values are expressed as mean±SD of six rats from each group.  
Values not sharing a common superscript letter differ significantly at 5% level (P≤0.05) 
using Duncan’s Multiple Range Test (DMRT).

Groups
Conjugated diene

Plasma
(mM/dL)

Liver
(mM/100g)

Kidney
(mM/100g)

Group I
Normal control 0.82±0.05c 72.13±5.01c 18.65±1.32c

Group II
Diabetic control 1.62±0.13a 101.05±7.35a 43.64±3.06a

Group III
Diabetic+Phloretin

(25 mg/kg b.w)
0.95±0.06b 94.70±7.04b 29.43±2.05b

Group IV
Diabetic+Phloretin

(50 mg/kg b.w)
0.85±0.05c 82.23±6.53c 20.18±1.41c

Group V
Diabetic+Glibenclamide

(600 µg/kg b.w)
0.86±0.06c 87.19±6.75d 22.09±1.52c

Values are expressed as mean±SD of six rats from each group.  
Values not sharing a common superscript letter differ significantly at 5% level (P≤0.05) 
using Duncan’s Multiple Range Test (DMRT).

Table 4. Effect of phloretin on the level of lipid peroxidation product conjugated diene in 
plasma, liver and kidney

The changes in the activities of enzymatic and non-enzymatic 
antioxidants in plasma of normal and experimental group of rats 
were analysed and the results were showed in Table 5. There was a 
significant reduction in enzymatic and non-enzymatic antioxidants 
like superoxide dismutase, catalase and glutathione peroxidise and 
non-enzymatic antioxidants like Vit E, Vit C and GSH in plasma were 
observed in STZ - induced diabetic rats when compared to normal rats. 
Oral administration of phloretin to diabetic rats for 45 days reversed 
the altered levels of enzymatic and non-enzymatic antioxidants to near 
normal in plasma.

The activities of enzymatic antioxidants superoxide dismutase, 
catalase and glutathione peroxidase and non-enzymatic antioxidants 
Vit E, Vit C and GSH in liver of diabetic and diabetic treated rats were 
analysed and the results were represented in Table 6. Diabetic rats 
showed significantly decreased levels of superoxide dismutase (SOD), 
catalase (CAT), glutathione peroxidase (GPx), Vit E, Vit C and GSH in 
liver when compared with normal control rats. The altered activities of 
enzymatic and non-enzymatic antioxidants were brought back to near 
normal by the treatment with phloretin (25 mg and 50 mg/kg b.w) as 
well as glibenclamide treated diabetic rats.

The enzymatic and non-enzymatic antioxidants like SOD, CAT, 
GPx, Vitamin E, Vitamin C and reduced glutathione levels in kidney 
of diabetic and diabetic treated rats were analysed and the results were 

given in Tables 7. Diabetic rats showed decreased levels of enzymatic 
antioxidants SOD, CAT and GPx and non-enzymatic antioxidants 
Vitamin E, Vitamin C and reduced glutathione (GSH). Treatment with 
phloretin and glibenclamide to diabetic rats reversed the changes in 
enzymatic and non-enzymatic antioxidants to near normal level than 
the diabetic untreated rats.

Discussion
Streptozotocin has been widely used for inducing diabetes in 

experimental animals through its toxic effects on pancreatic β-cells 
[30,31]. The cytotoxic action of STZ is associated with the generation 
of ROS causing oxidative damage [32,33]. The cytotoxic activity of 
STZ is mediated by the inhibition of free radical scavenging enzyme 
thereby enhancing the production of superoxide radical which can 
damage pancreatic β-cell. In addition, the intracellular metabolism 
of STZ produced nitric oxide that leads to DNA fragmentation and 
β-cell necrosis. So, the rate of insulin synthesis is decreased that result 
a clinical condition known as hyperglycemia [34]. 

In this study, the diabetic rats were found to have higher glucose 
levels and lower level of insulin when compared to normal control rats. 
From the results of the present study, it was observed that the daily 
administration of phloretin to diabetic rats for 45 days decreased the 
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Groups SOD
(U*/mL)

CAT
(U@/mL)

GPX
(U#/mL)

GSH
(mg/dL)

Vit C
(mg/dL)

Vit E
(mg/dL)

Group I
Normal control 0.50±0.03c 6.94±0.53c 0.93±0.06c 30.13±2.13c 6.80±0.48c 2.59±0.18c

Group II
Diabetic control 0.25±0.01a 3.90±0.27a 0.26±0.01a 13.80±0.92a 4.87±0.34a 0.99±0.06a

Group III
Diabetic+Phloretin

(25 mg/kg b.w)
0.37±0.02b 4.86±0.21b 0.72±0.05b 22.70±1.58b 5.85±0.40b 1.76±0.08b

Group IV
Diabetic+Phloretin 

(50 mg/kg b.w)
0.48±0.02c 5.80±0.44c 0.86±0.05c 27.31±1.91c 6.34±0.44c 2.52±0.17c

Group V
Diabetic+Glibenclamide

(600 µg/kg b.w)
0.44±0.03c 5.15±0.40c 0.80±0.05c 27.45±1.93c 6.78±0.47c 2.49±0.16c

Table 5. Effect of phloretin on enzymatic and non-enzymatic antioxidants in plasma

Values are expressed as mean±SD of six rats from each group.  
Values not sharing a common superscript letter differ significantly at 5% level (P≤0.05) using Duncan’s Multiple Range Test (DMRT).
U* - one unit of SOD is defined as the enzyme concentration, which gives 50% inhibition of NBT reduction in one minute.
U@ - one unit of CAT is defined as the µmol of hydrogen peroxide consumed per minute.
U#- one unit of GPx is defined as the µg of glutathione consumed per minute

Groups SOD
(U*/mg protein)

CAT
(U@/mg protein)

GPX
(U#/mg protein)

GSH
(mg/100g)

Vit C
(µg/mg protein)

Vit E
(µg/mg protein)

Group I
Normal control 9.71±0.67c 76.83±2.89c 9.65±0.67c 12.29±0.86c 0.83±0.05c 5.15±0.36c

Group II
Diabetic control 5.53±0.38a 34.82±1.57a 4.26±0.29a 7.96±0.55a 0.42±0.02a 3.82±0.19a

Group III
Diabetic+Phloretin

(25 mg/kg b.w)
8.01±0.56b 65.42±1.36b 7.73±0.44b 10.15±0.71b 0.60±0.04b 4.52±0.21b

Group IV
Diabetic+Phloretin 

(50 mg/kg b.w)
9.16±0.64c 74.85±1.38c 9.54±0.66c 12.05±0.84c 0.82±0.05c 5.10±0.35c

Group V
Diabetic+Glibenclamide

(600 µg/kg b.w)
8.58±0.60b 65.17±1.87b 8.95±0.62b 11.88±0.83c 0.76±0.04d 5.07±0.35c

Values are expressed as mean±SD of six rats from each group.  
Values not sharing a common superscript letter differ significantly at 5% level (P≤0.05) using Duncan’s Multiple Range Test (DMRT).
U* - one unit of SOD is defined as the enzyme concentration, which gives 50% inhibition of NBT reduction in one minute.
U@ - one unit of CAT is defined as the µmol of hydrogen peroxide consumed per minute.
U#- one unit of GPx is defined as the µg of glutathione consumed per minute

Table 6. Effect of phloretin on enzymatic and non-enzymatic antioxidants in liver

Groups SOD
(U*/mg protein)

CAT
(U@/mg protein)

GPX
(U#/mg protein)

GSH
(mg/100g)

Vit C
(µg/mg protein)

Vit E
(µg/mg protein)

Group I
Normal control 11.84±0.82c 45.13±3.15c 7.06±0.49c 9.92±0.69c 0.92±0.06c 3.86±0.27c

Group II
Diabetic control 6.62±0.46a 23.34±1.63a 3.86±0.21a 3.99±0.27a 0.54±0.03a 1.30±0.09a

Group III
Diabetic+Phloretin

(25 mg/kg b.w)
9.32±0.65b 32.28±2.25b 5.60±0.39b 7.95±0.55b 0.76±0.05b 2.12±0.14b

Group IV
Diabetic+Phloretin 

(50 mg/kg b.w)
11.01±0.77c 40.07±2.80c 6.93±0.48c 8.85±0.61c 0.82±0.05c 3.67±0.25c

Group V
Diabetic+Glibenclamide

(600 µg/kg b.w)
9.69±0.67b 38.91±2.72d 6.50±0.45c 8.74±0.61c 0.80±0.05c 2.47±0.18db

Values are expressed as mean±SD of six rats from each group.  
Values not sharing a common superscript letter differ significantly at 5% level (P≤0.05) using Duncan’s Multiple Range Test (DMRT).
U* - one unit of SOD is defined as the enzyme concentration, which gives 50% inhibition of NBT reduction in one minute.
U@ - one unit of CAT is defined as the µmol of hydrogen peroxide consumed per minute.
U#- one unit of GPx is defined as the µg of glutathione consumed per minute

Table 7. Effect of phloretin on enzymatic and non-enzymatic antioxidants in kidney
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blood sugar and increased the insulin in diabetic treated rats. This may 
be due to phloretin enhancing glucose uptake on peripheral tissues 
and inhibiting hepatic gluconeogenesis or inhibiting the absorption of 
glucose in intestine via stimulation of insulin secretion.

Studies have shown that there is a close relationship between the 
increase of free radicals, blood glucose and lipid peroxidation (LPO) 
in the progress of diabetes [35]. Diabetes usually exhibit high oxidative 
stress due to persistent and chronic hyperglycemia, which thereby 
depletes the activity of antioxidative defense system and thus promotes 
free radicals generation [36]. In the present study, the increased lipid 
peroxidation during diabetes may be due to the inefficient antioxidant 
system. Autooxidation of unsaturated lipids in plasma and membrane 
may be produce free radicals. The free radicals could react with 
polyunsaturated fatty acids in cell membrane which leads to lipid 
peroxidation [37]. Increased lipid peroxidation impairs membrane 
functions by decreasing membrane fluidity and changing the activity of 
membrane bound enzymes and receptors [38]. The present investigation 
reports a significant increase in lipid peroxidation products such as 
TBARS, HP and CD in the plasma, liver and kidney of diabetic rats 
which suggest that peroxidative injury may be due to the toxic effects of 
ROS produced during lipid peroxidation in STZ-induced diabetic rats. 
Phloretin treated diabetic rats showed a significant reduction in lipid 
peroxidation products suggest that phloretin prevent oxidative damage 
by scavenging chronic hyperglycemia induced free radicals.

SOD protects tissues against oxygen free radicals by catalyzing the 
removal of superoxide radical, converting it into H2O2 and molecular 
oxygen, which both damage the cell membrane and other biological 
structures. CAT is a heme-containing enzyme which catalyses the 
decomposition of H2O2 to water and O2 and thus protect the cell from 
oxidative damage [39]. GPx plays a central role in the catabolism of 
H2O2 and the detoxification of endogenous metabolic peroxides and 
hydroperoxides which catalyzes GSH [40]. Previous studies reported 
that oxygen free radicals are generated in STZ-treated beta cells and it 
is thought that reactive oxygen free radicals may inactivate and reduce 
SOD, CAT and GPx activities and those antioxidant enzymes plays 
an important role in protecting cells from oxidative damage [41]. In 
the present study, low levels of SOD, CAT and GPx activity indicated 
diabetes induced oxidative stress, and a significant elevation of these 
enzymatic antioxidant activities was observed in phloretin treated 
diabetic rats which might be due to its scavenging property. Rajadurai 
and Prince reported that flavonoids inhibit alterations in mitochondrial 
lipid peroxides, oxidative defense enzymes like SOD, catalase, GPx and 
glutathione-S-transferase in rodents [42]. Kanno, et al. [43] reported 
that naringin increased SOD and catalase activities by up regulating 
gene expression of SOD and catalase. 

Considering the non-enzymatic antioxidants, vitamin C, a 
hydrophilic antioxidant, has the ability to sequester the singlet 
oxygen radical, stabilize the hydroxyl radical and regenerate vitamin 
E back to the active site [44]. Vitamin E, a lipophilic antioxidant, 
transfers its phenolic hydrogen to a peroxyl free radical of peroxidized 
polyunsaturated fatty acids, thereby breaking the radical chain reaction 
and averting the peroxidation of membrane lipids [45]. 

GSH is the most important antioxidant in most mammalian cells. 
This ubiquitous tripeptide, γ-Glu-Cys-Gly, performs many cellular 
functions. In particular, the thiol containing moiety is a potent 
reducing agent [46]. Depletion of tissue GSH is one of the primary 
factors that permit lipid peroxidation. GSH is a chief intracellular 
redox buffer that functions as a direct free radical scavenger, cosubstate 
for GPx activity, cofactor for many enzymes and it is also involved 

in the maintenance of exogenous antioxidants such as vitamin E and 
C in their active sites. The maintenance of normal ratio of GSH to 
oxidized glutathione requires NADPH. NADPH level is essential for 
maintaining the oxidized glutathione level. During insulin deficiency, 
the intracellular NADPH level was decreased therefore decreased the 
GSH level due to the defective glucose oxidation via pentose phosphate 
cycle [47]. The notable decline in the key cellular nonenzymatic 
antioxidant defense system extensively provokes the susceptibility to 
oxidative stress [48]. In addition, GSH interrelated with vitamin C 
and E to recycles the tocopheroxyl radicals to tocopherol. It has been 
proposed that antioxidants maintain the concentration of GSH may 
restore the cellular defense mechanisms, block lipid peroxidation 
and thus protect the tissue against oxidative damage [49]. Increased 
oxidative stress, resulting from a significant increase in aldehyde 
products of lipid peroxidation has probably decreased the tissue GSH 
content [50]. In the present study, decreased level of non-enzymatic 
antioxidants was observed in plasma, liver and kidney of diabetic rats. 
The administration of phloretin to diabetic rats significantly reverted 
back the altered levels of these antioxidants, which revealed that the 
antioxidant potential of phloretin compound. Phloretin at a dose of 50 
mg/kg b.w showed a more pronounced effect than 25 mg/kg b.w.

Conclusion
In conclusion, phloretin exerts a promising therapeutic value 

in prevention of diabetes. The antidiabetic effect could be mainly 
attributed to its antioxidant properties which is showed by its impact 
on lipid peroxidation along with enhanced the activity of antioxidant 
defense system in liver and kidney of STZ induced diabetic rats. 
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