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Abstract: The present study was aimed to evaluate the protective effect of phloretin on glycoprotein components in serum 

and tissues of streptozotocin induced diabetic rats. Diabetes was induced in male Wistar rats by a single intraperitoneal 

injection of STZ (60 mg/kg b.w). Phloretin (25mg and 50mg/kg b.w) was administered orally to diabetic rats for 45 days. The 

effect of phloretin on serum glucose, glycated hemoglobin, serum and tissue glycoprotein components were studied. Phloretin 

administration to diabetic rats decreased the level of glucose, glycated hemoglobin and glycoprotein components in serum. 

There was observed a significant decrease in the level of sialic acid and significantly elevated levels of hexose, hexosamine 

and fucose in liver and kidney of diabetic rats. The altered levels of serum and tissue glycoprotein components were restored to 

near normal in diabetic rats treated with phloretin at 50mg/kg b.w. The present findings suggest that phloretin can potentially 

ameliorates the hyperglycemia and changes in glycoprotein components abnormalities in streptozotocin induced diabetic rats. 

So, the phloretin may be used as an effective therapeutic agent for diabetes mellitus in future. 
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1. Introduction 

Diabetes mellitus is a serious, complex metabolic disorder 

of multiple etiologies, characterized by chronic 

hyperglycemia with disturbances of carbohydrate, fat and 

protein metabolism resulting from defects in insulin secretion 

(β-cell dysfunction), insulin action (insulin resistance) or 

both [1]. Hyperglycemia is affecting the cellular antioxidant 

defense system and damages the cells. Free radicals are 

formed disproportionately in diabetes by glucose oxidation, 

non-enzymatic glycation of proteins, and the subsequent 

oxidative degradation of glycated proteins, which occurs in 

various tissues [2]. This process leads to long-term damage, 

dysfunction and failure of various organs, especially the eyes, 

kidney, nerves, heart and blood vessels and creates a huge 

economic burden related to the management of diabetic 

complications [3]. 

Glycoproteins are carbohydrate linked protein 

macromolecules found in the cell surface, which form the 

principal component of animal cells. Hexose, hexosamine, 

fucose and sialic acid are the basic components of the 

glycoproteins. They play an important role in membrane 

transport, cell differentiation and recognition, the adhesion of 

macromolecules to the cell surface and the secretion and 

absorption of macromolecules. Impaired metabolism of 

glycoproteins plays a major role in the pathogenesis of 

diabetes mellitus [4]. In recent times, many traditionally 

important medicinal plants and their phytochemicals have 

been tested for their efficacy against impaired glycoprotein 

levels in diabetes [5]. 

Plants constitute an important source of active natural 

products. They have a remarkable role in the traditional 

medicine in different countries. Recently, plants and their 

active components have been widely used in the treatment of 

diabetes. Plant derived phenolic compounds have a high 

potential for lowering blood glucose level. Flavonoids are 

widely distributed group of plant phenolics, which are 

abundant in foods. Phloretin is a natural flavanoid, present in 

apple and strawberries. Phloretin has been reported to 

possess various pharmacological activities like anti-
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inflammatory activity by antagonizing prostaglandins [6], 

protect the skin from UV light induced photodamage and 

also it possess antioxidant [7], antitumour [8] and 

hepatoprotective [9] activities. To our knowledge, there is no 

detailed report on protective role of phloretin on glycoprotein 

components in diabetic rats. Hence, this study was aimed to 

investigate the effect of phloretin on serum and tissues 

glycoprotein components in STZ-induced diabetic rats. 

2. Materials and Methods 

2.1. 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. 

2.2. Animals 

Male Albino rats (Rattus norvegicus) weight ranges 

between 180-200g 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 

standard diet of known composition and water ad libitum. 

The animals were acclimatized to the laboratory condition for 

2-week 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, Tamilnadu, India. 

2.3. Induction of Diabetes Mellitus 

Diabetes was induced in overnight fasted experimental rats 

by a single intraperitoneal injection of STZ (60mg/kg b.w) 

dissolved in freshly prepared citrate buffer (0.1 M, pH 4.5). 

After five days, blood glucose was analysed and determined 

the rats with fasting blood glucose greater than 250mg/dl 

were used in the present study. 

2.4. Experimental Design 

The animals were randomly divided into five groups of six 

animals in each group (24 diabetic surviving and 6 normal). 

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 

(600µg/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 experimental period, the animals 

were deprived of food overnight and sacrificed by cervical 

decapitation. Blood was collected for the estimation of 

glucose, glycated hemoglobin and glycoprotein components. 

Liver and kidney tissues were dissected out, washed in ice-

cold saline and stored at 4 
ͦ 
C for the measurement of 

glycoprotein components like hexose, hexosamine, fucose 

and sialic acid. 

2.5. Estimation of Glucose and Glycated hemoglobin 

Serum glucose was estimated using a commercial kit 

(Sigma Diagnostics Pvt, Ltd., Baroda, India) by the method 

of Trinder [10]. Glycated hemoglobin was estimated by the 

method of Nayak and Pattabiraman [11]. 

2.6. Determination of Glycoprotein Components 

For the estimation of glycoprotein components, the liver 

and kidney tissues were defatted by the method of Folch et 

al. [12]. Protein-bound hexoses were estimated by the 

method of Niebes [13], hexosamine was estimated by the 

method of Wagner [14], sialic acid was determined by the 

method of Warren [15] and fucose was estimated by the 

method of Dische [16]. 

2.7. Statistical Analysis 

Data presented as means ± SD and subjected to statistical 

significance were evaluated 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 P ≤ 0.05. 

3. Results 

The blood glucose and glycated hemoglobin (HbA1c) 

were determined in normal and experimental animals and the 

results were presented in Table 1. Blood glucose and glycated 

haemoglobin levels were significantly (P ≤ 0.05) increased in 

diabetic rats when compared with normal control rats. 

Diabetic rats were treated with phloretin at two different 

doses like 25mg and 50mg/kg b.w and glibenclamide at 

600µg/kg b.w observed significantly decreased levels of 

serum glucose and glycated haemoglobin. Phloretin at a dose 

of 50mg/kg b.w showed a highly significant effect than 

25mg/kg b.w. Based on these data, the effective dose was 

fixed as 50mg/kg b.w and it was used for further analysis. 

Table 2 showed the changes in the levels of hexose, 

hexosamine, fucose and sialic acid in serum of streptozotozin 

induced diabetic rats treated with phloretin at 50mg/kg b.w. 

Significantly(P ≤ 0.05) increased levels of hexose, 

hexosamine, fucose and sialic acid were observed in serum of 

diabetic rats when comparison with normal rats. Treatment of 

diabetic rats with phloretin at 50mg/kg b.w and 

glibenclamide at 600µg/kg b.w showed significant reduction 

in the levels of hexose, hexosamine, fucose and sialic acid. 

The changes in the levels of hexose, hexosamine, fucose 

and sialic acid in liver of normal control and experimental 

rats were observed and presented in Table 3. The levels of 

hexose, hexosamine and fucose were significantly increased 

and the level of sialic acid was significantly decreased in 

liver tissues of diabetic rats. Oral administration of phloretin 

and glibenclamide to diabetic rats for a period of 45 days 
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significantly (P ≤ 0.05) reversed these changes in the levels 

of glycoprotein components to near normal. 

Table 4 showed that the effect of phloretin and 

glibenclamide on the levels of glycoprotein components in 

kidney of STZ-induced diabetic rats. Diabetes induced with 

STZ in rats showed a significantly increased level of hexose, 

hexosamine and fucose and significantly decreased level of 

sialic acid in kidney. Diabetic rats treated with phloretin 

(50mg/kg b.w) and glibenclamide (600µg/kg b.w) showed 

significantly decreased levels of hexose, hexosamine and 

fucose and increased level of sialic acid in kidney when 

compared with diabetic untreated rats. 

Table 1. Effect of phloretin on blood glucose and glycated hemoglobin. 

Groups Glucose (mg/dl) Glycated hemoglobin (mg/g Hb) 

Group I Normal control 85.23±5.96b 3.24±0.19c 

Group II Diabetic control 284±22.68a 6.75±0.32a 

Group III Diabetic+Phloretin(25mg/kg b.w) 98±20.06b 3.85±0.21b 

Group IV Diabetic+Phloretin(50mg/kg b.w) 90±7.28b 3.20±0.21c 

Group V Diabetic+Glibenclamide(600µg/kg b.w) 97±20.77b 3.37±0.19c 

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 2. Effect of phloretin on hexose, hexosamine, fucose and sialic acid in serum. 

Groups Hexose (mg/dl) Hexosamine (mg/dl) Fucose (mg/dl) Sialic acid (mg/dl) 

Group I Normal control 90.23±6.31c 80.24±5.61c 27.62±2.14c 54.62±5.43c 

Group II Diabetic control 124.41±8.70a 100.02±6.94a 42.48±3.82a 76.24±6.98a 

Group III Diabetic + Phloretin(50mg/kg b.w) 88.62±6.20c 82.47±3.72c 28.82±3.02c 60.42±4.25c 

Group IV Diabetic + Glibenclamide(600µg/kg b.w) 102.13±7.19b 91.98±6.53b 30.96±2.48c 63.04±4.46c 

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 3. Effect of phloretin on hexose, hexosamine, fucose and sialic acid in liver. 

Groups Hexose (mg/g) Hexosamine (mg/g) Fucose (mg/g) Sialic acid (mg/g) 

Group I Normal control 26.78±2.46c 10.04±0.82c 15.18±1.44c 9.88±0.62c 

Group II Diabetic control 42.04±3.42a 18.92±1.62a 28.06±2.14a 4.92±0.28a 

Group III Diabetic + Phloretin(50mg/kg b.w) 28.06±2.14c 11.54±0.88c 16.76±0.99c 8.12±0.53c 

Group IV Diabetic + Glibenclamide(600µg/kg b.w) 32.16±2.28c 12.05±0.82c 16.22±1.13c 8.16±0.57c 

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 hexose, hexosamine, fucose and sialic acid in kidney. 

Groups Hexose (mg/g) Hexosamine (mg/g) Fucose (mg/g) Sialic acid (mg/g) 

Group I Normal control 26.83±1.87c 12.42±0.84c 11.04±0.77c 9.56±0.66c 

Group II Diabetic control 43.04±3.42a 27.14±1.24a 30.12±2.10a 3.45±0.24a 

Group III Diabetic + Phloretin(50mg/kg b.w) 29.46±2.03c 15.92±1.14c 12.03±0.84c 8.92±0.82c 

Group IV Diabetic + Glibenclamide(600µg/kg b.w) 31.15±2.30c 18.79±1.36c 16.44±1.15b 8.14±0.56c 

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). 

4. Discussion 

Streptozotocin is the most commonly used agent for the 

induction of diabetes in experimental animal model. It enters 

the pancreatic β cells through glucose transporter 2 channels 

in the plasma membrane which causes cellular toxicity that 

leads to hypoinsulinemia and hyperglycemia. STZ-induced 

diabetes mellitus is associated with the generation of reactive 

oxygen species causing oxidative damage [17]. 

In this study, the reduction in blood glucose level after the 

administration of phloretin to diabetic rats may be due to 

phloretin exert insulin like effect on peripheral tissues by 

enhancing glucose uptake and inhibiting hepatic 

gluconeogenesis or inhibiting the absorption of glucose in 

intestine. These results are in agreement with Ambika et al. 

[18], who reported that administration of p-hydroxy cinnamic 

acid, a phenolic compound to diabetic rats significantly 

decreased the glucose level by enhanced release of insulin 

from β-cells. 

Diabetes mellitus is associated with the development of 

vascular degenerative complications affecting both large and 

small vessels. Several studies explained the disturbance of 

carbohydrate, protein and lipid metabolism in diabetes 

mellitus. Glycation is a non-enzymatic reaction of glucose 

and other saccharide derivatives with protein, nucleotides and 

lipids. Glycation of cellular proteins produces changes in 
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structure and activity of enzymes. The increased level of 

serum glycoprotein in diabetic rats could be a consequence of 

abnormal carbohydrate metabolism. Insulin deficiency and 

increased serum glucose level may result in an increased 

synthesis of glycoprotein [19]. The increased serum 

glycoprotein components have been associated with the 

severity of diabetes. The elevation in the levels of serum 

glycoprotein components might be due to the secretion from 

cell membrane glyco conjugates in the circulation [20]. In the 

present study, we observed that the increased levels of 

hexose, hexosamine, fucose and sialic acid in serum of STZ 

induced diabetic rats. Administration of phloretin to STZ 

induced diabetic rats showed reduced levels of serum 

glycoprotein components to near normal. Our results are in 

agreement with Muthukumaran et al. [21], who reported that 

syringic acid improved glycoprotein levels in diabetic rats. 

Prolonged elevation of blood glucose and insulin 

deficiency in diabetes mellitus as results in the thickening of 

basal membrane of pancreatic beta cells and also changes in 

structural and functional alterations in circulating and 

membrane bound proteins [22]. In the diabetic state, 

alterations in the composition of the carbohydrate 

components of glycoproteins, especially serum glycoproteins 

and glycoproteins of the capillary basement membrane have 

been reported [23]. The increased level of hexoses in diabetic 

rats may be linked with disturbances in carbohydrate 

metabolism. Treatment of diabetic rats with phloretin and 

glibenclamide showed significantly decreased level of hexose 

due to improved glycemic control. 

Liver plays an important role for producing a large amount 

of glycoproteins present in the blood. The elevated levels of 

serum glycoproteins in diabetic condition could be a 

consequence of abnormal carbohydrate metabolism [24]. 

Numerous molecular mechanisms are concerned with 

hyperglycemia induced metabolic disturbances in diabetes. 

Among these hexosamine biosynthetic pathway represents a 

minor metabolic route of glucose at fructose 6-phosphate 

reactions step of glycolysis. This pathway is considered as a 

sensor of nutrients and an increase in this pathway is regarded 

as a key factor in the metabolic complications of diabetes [25]. 

Prolonged hyperglycemia due to insulin deficiency associated 

with oxidative stress increases the expression of GFAT gene 

(Glutamine: Fructose 6-phosphate amino transferase), which is 

the rate-limiting enzyme of this pathway leading to an increase 

in the levels of hexosamine [26]. 

Hexosamine functions are as physiologic glucose sensors 

that serve as an adaptor in redirecting excess calories just 

before storage as fat [27]. The results of the present study are 

in harmony with previous study in that the diabetic rats 

showed elevated level of hexosamine, which could be due to 

increased expression of GFAT gene and increased serum 

glucose [28]. In this study, STZ induced diabetic rats had 

elevated level of hexosamine in serum and tissues when 

compared with normal control rats. The significant elevation 

of hexosamine in serum, liver and kidney of diabetic rats was 

observed and it may be due to insulin deficiency. Diabetic 

rats treated with phloretin and glibenclamide showed 

significant decrease in the level of hexosamine in serum and 

tissues when compared with diabetic untreated rats, which 

could be due to increased secretion of insulin. 

Fucose (6-deoxy-L-galactose) is a group of essential 

sugars that the body utilized for the functioning of cell to cell 

communication and its metabolism appears to be altered in 

various disease conditions such as diabetes mellitus [29]. 

There are three serum proteins like haptoglobin, α1 acid 

glycoprotein and α 1-antitrypsin were synthesized in liver of 

diabetic condition. In hyperglycemic state, the metabolism 

and synthesis of these three proteins may be altered leading 

to changes in the serum accelerates the synthesis of 

glycoproteins. The fucose level could be increased due to 

increased glycosylation in diabetic rats. In the present study, 

a rise in fucose levels could be due to increased glycosylation 

in diabetic condition. Oral administration of phloretin and 

glibenclamide has restored the level of fucose to near normal 

which could be due to improved glycemic control. The 

results of the present study are in agreement with Udaiyar 

Muruganathan [30], who reported that the elevated levels of 

fucose were lowered by insulin secretion in carvone treated 

diabetic rats. 

Sialic acid is an acute phase protein synthesized from 

neuraminicacid, which forms terminal sugar in carbohydrates 

taking part in glycoprotein structure. Sialic acid plays an 

important role in biological systems like cell-cell recognition, 

protein targeting, conformational stabilization, adhesion and 

intracellular signaling [31]. Hyperglycemia mediated 

oxidative stress and inflammation in diabetic condition bring 

about the damages to cellular membrane may contribute to 

increase in serum sialic acid level. In addition to this, 

vascular endothelium is rich in sialic acid moieties where it 

regulates permeability. In our study, a significant increase in 

the level of sialic acid in serum of diabetic rats was observed 

when compared to the normal control rats. Insulin deficiency 

and the resulting hyperglycemia are associated with 

impairment in endothelium leading to release of sialic acid 

into circulation [32]. In diabetes, the tissue sialic acid level 

was decreased significantly. This may be due to utilization of 

sialic acid for the synthesis of fibronectin which contain 

sialic acid residue in the structure. Administration of 

phloretin and glibenclamide to diabetic rats increased the 

sialic acid content in tissues and decreased the level of sialic 

acid in serum. Similarly the trans-anethole treated diabetic 

animals showed the same effect in STZ induced diabetic 

animal model [33]. 

5. Conclusion 

From the above observations, we concluded that the oral 

administration of phloretin to diabetic rats reversed the 

changes in the level of glucose and glycated hemoglobin in 

blood and glycoprotein components in serum, liver and 

kidney. Phloretin may have beneficial effect by the 

enhancement of insulin action in diabetic rats as evident by 

the decreased level of serum glucose in phloretin treated 

diabetic rats. So, the phloretin may be useful in the 
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preparation of drug ingredient for the prevention of diabetes 

mellitus. 
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