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Introduction Diabetes is an endocrine disease 
characterized by chronic hyperglycemia with 
disturbances in the metabolism of carbohydrates, 
proteins, and fats resulting from a defect in the 
secretion or action of insulin, or both (1). It affects 
global health (2) and has three main types: insulin-
dependent diabetes mellitus (T1DM), insulin-
independent diabetes mellitus (T2DM) and 
gestational diabetes (GDM) which is a condition in 
which a woman develops high blood sugar levels 
during pregnancy (3, 4 and 5). Diabetes causes serious 
long-term complications resulting in cardiovascular 
problems (6), eyes and nerves (7). Nephropathy is one 
of its serious complications, which is characterized by 
a decrease in the glomerular filtration rate (GFR) and 
increased albumin excretion in the urine (proteinuria) 
(8, 9). In addition to liver damage caused by the 
effects of oxidative stress resulting from diabetes 
(10). Streptozotocin is one of the best substances 
used to create diabetes in animal models (11), which 

works to destroy and necrosis beta cells through DNA 
alkylation and prevents their development (12). Many 
medicines used to treat diabetes such as metformin, 
one of the main drugs for treating diabetes which 
reduce liver glucose production and increasing insulin 
sensitivity in body tissues (13, 14). However, it is not 
without side effects for the digestive system, as it 
causes indigestion, nausea and diarrhea (15). As a 
result, there is a need to find a treatment from natural 
medicines with lower side effects due to the interest 
in human health systems and diabetes prevention. 
Phlorizin is a member of the dihydrochalcone bicyclic 
flavonoid family found in apples (16). It is a high-
essential polyphenol that can reduce glucose 
absorption in the gut and kidney through a 
mechanism of action via sodium-dependent glucose 
transporters (SGLTs) and thus lowering glucose levels. 
It has shown therapeutic and preventive effects on 
hyperlipidemia in diabetic rats (17). 
 

Material and Methods 
Ethical Approval      

The current study protocol was approved by the 
Research Ethics Committee in the College of 
Veterinary Medicine, University of Al-Qadisiyah.  
Animal preparation and Habitation 
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In this study, 40 adult male mice with weights of (25-
38 g) were used, the mice were housed in the animal 
house of the College of Science / University of Al-
Qadisiyah and a 12-hour light / 12-hour dark cycle was 
used to house the animals and the temperature was 
controlled at (24 ± 2 °C). The mice received a normal 
meal and distilled water during the experiment. After 
adapting week to the conditions, the study began 
(18). 
Preparation of diet 
This study relied on feeding diabetic groups a high-fat 
diet (HFD) to induce insulin resistance followed by a 
dose of STZ to target pancreatic beta cells, which are 
phenotypically similar to and cause type 2 diabetes in 
humans (19). The diet included specific ratios of 
nutrients (Wang et al., 2020). The main components 
of this diet were (yellow corn, soybeans, wheat, 
barley, and dried milk in addition to sunflower oil) (20, 
21). 
Experimental designing 
Forty male mice were divided into two groups as 
following: 
1. Two healthy diabetic groups (16 mice, 8 mice in 
each group)  
a. The Control Negative Group (C-): The group 
received a standard diet and purified water 
throughout the study.        
b. Phlorizin group (Ph1): The group received phlorizin 
extract (100 mg/kg) for four weeks.  
2. Induced diabetes groups (24 mice, 8 mice each 
group)  
a. The Control positive group (C+): - mice were 
received no treatment 
b. Metformin group (Met): - mice were received 
metformin (250 mg/kg/day orally) (22) for four weeks. 
c. Phlorizin group (Ph2): - mice were received phlorizin 
extract (100mg/kg/day) for four weeks. 
Induction of diabetes 
The animals that were fasted for (12) hours in the 
three induction groups were injected with STZ at a 
dose of (40 mg/kg, by intraperitoneal injection) for 
each animal to obtain a diabetic animal. Then, the 
high blood sugar levels in the animals were confirmed 
48 hours after the injection by taking a drop of blood 
from the tail of each animal and measuring the sugar 
level using a special measuring device where the 
blood glucose level was > 150 mg/dL (23) 
Body weight 
All animals were weighed at different times. The first 
weight was taken during the acclimatization period, 

and then a second weight was taken after feeding on 
the special high-fat diet. Then they were weighed in 
the second and fourth weeks of the study. 
Sample preparation 
At the end of the research period, blood samples were 
drawn for laboratory tests and analyses, then the 
animals were sacrificed, and the required organs were 
preserved for histological analysis (24). 
Blood parameters 
Blood glucose, lipid profile, IRI, C-reactive protein, and 
oxidative stress testing (MDA) and Total antioxidant 
capacity (T-AOC) were performed by 
spectrophotometry. 
Percentage of weight of animal organs 
After removing the organs (kidneys and liver) from 
each animal by making a median abdominal incision, 
the weight of the organs of each animal was taken and 
the ratio of the weight of the organ to the body weight 
was calculated according to the following equation: 
Organ weight percentage %=(Organ weight)/(Total 
body weight)*% 
Results and Discussion 
Body weight  
Diabetes is one of the most common diseases with 
serious complications leading to disability and death 
worldwide (25). STZ is considered the best model for 
inducing diabetes through its consumption by beta 
cells and production of reactive oxygen species (26. ( 
The results of the current research, as shown in table 
(1) and figure (1) after 14 days of relying on HFD 
(without diabetes), showed an increase in body 
weight for (C+, Met and Ph2) groups (32.08 ± 1.03, 
34.72± 0.83 and 31.92 ± 0.99) respectively due to 
excess calorie consumption (27). In compared with 
both (C- and Ph1) groups (31.53± 1.01and 31.72 ± 
1.18) which maintained normal weight changes. 
In the second week after STZ injection, a clear 
decrease was observed in the weight of the (C+,Ph1 
and Ph2) groups (29.67 ± 1.05, 30.82 ± 1.36 and 29.06 
± 0.66) respectively compared to the (C-) group 
(31.86± 1.01) especially the (C+) group, which showed 
a higher decrease in weight than the other groups due 
to not receiving any treatment and the appearance of 
a group of symptoms such as increased water intake, 
signs of fatigue and general weakness, which confirms 
the stimulation and development of T2DM symptoms 
(28). This is due to the accumulation of sugar levels 
outside the cells, so the body breaks down fats and 
proteins to obtain sufficient energy, which causes a 
decrease in body weight (29). Moreover, the result of 
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the (Met) group showed a slight decrease in the 
weight (31.53± 0.75) due to the effect of metformin in 
alleviating the effects of diabetes and maintaining 
weight. 
In the fourth week, a sharp decrease in the weight of 
the (C+) group was observed (25.62 ± 0.76) (p < 0.05) 
due to the increase in complications of diabetes. 
While the two groups (Met and Ph2) were able to 
maintain more stable body weights (29.91± 0.61 and 
29.95 ± 0.55) and a slight decrease compared to the 

(C-) group (32.47± 0.95). This confirms the 
effectiveness of metformin treatment and phlorizin 
extract in controlling weight loss associated with 
diabetes. The weight maintenance with some minor 
normal changes recorded in the results of the two (C- 
and Ph1) groups (32.47± 0.95 and 29.95± 0.55) due to 
a stable nutritional pattern supports the conclusion 
that the weight changes in the other groups are due 
to the induction of diabetes (30). 

 
Table 1: Body weight of Animal 

4 weeks 2 weeks After 14 days (without 
diabetes) 

Zero time (without 
diabetes) 

Groups 

32.47± 0.95Aa 31.86± 1.01Aa 31.53± 1.01Aa 31± 1.08Aa C- 

25.62 ± 0.76Bb 29.67 ± 1.05Aa 32.08 ± 1.03Aba 1  ±31.5 ABa C+ 

29.91± 0.61Ac 31.53± 0.75Abc 34.72± 0.83Ba 34.12± 0.76 Bab Met 

29.87 ± 1.66Aa 30.82 ± 1.36Aa 31.72 ± 1.18Aba 31.37± 1.19ABa Ph1 

29.95 ± 0.55Aab 29.06 ± 0.66Ab 31.92 ± 0.99Aba 31.37 ± 0.98ABab Ph2 

2.81 LSD (p < 0.05 

* C-: control negative group, C+: control positive group, Met: metformin group, Ph1: phlorizin group (without 
diabetes), Ph2: phlorizin group (diabetic)    

 
Figure 1: Body weights of experiment  
* G1: control negative group, G2: control positive group, G3: metformin group, G4: phlorizin group (without 
diabetes), G5: phlorizin group (diabetic) 
Blood parameters 
1. Blood glucose, TC, and TG levels 
The results of the study also showed the harmful 
effect of diabetes on glucose and lipid metabolism as 
shown in table (2) and figures (2, 3, 4), where (C-) 
group showed normal results for both blood sugar 
levels (101.25±3.27) and TC and TG values 
(124.37±1.22 and 96.62±2.20) respectively, and were 
within the normal range for lipid metabolism in the 
absence of diabetes, while the results of (C+) group 
showed a significant increase in blood sugar levels at 

(273±3.75 mg/dL), indicating severe hyperglycemia 
caused by diabetes, as well as a clear increase in TC 
and TG levels (216.12±3.32 and 115±6.07 mg/dL) 
compared to (C-) group due to the toxic and rapid 
effects of STZ on beta cells, which causes insulin 
resistance (31) and a disturbance in lipid metabolism 
(32) 
In contrast, the (Met) group showed a significant 
improvement in blood sugar levels as it decrease to 
(126.62 ± 2.51 mg/dL) as well as a significant decrease 
in TC and TG levels (132.5 ± 3.69 and 101.12 ± 2.38 
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mg/dL) respectively compared to the (C+) group but 
higher than the (C-) group, which is due to the 
effective effect of metformin in increasing insulin 
sensitivity and managing diabetes (33). Similarly, the 
(Ph1 and Ph2) groups (121.51 ± 3.08 and 129.72 ± 2.07 
mg/dL) respectively had significantly lower blood 
sugar levels than the (C+) group. TC levels (126.5 ± 
1.97 and 132.87 ± 3.36 mg/dL) and TG levels (98.37 ± 

2.12 and 106.5 ± 2.32 mg/dL) were also recorded to 
be lower than those in group (C+). This study 
demonstrated that phlorizin treats glucose and lipid 
metabolism disorders by lowering blood glucose 
levels, increasing its percentage in urine, improving 
lipid metabolism, and alleviating symptoms resulting 
from diabetes such as frequent thirst, frequent 
urination, laziness, and lethargy (34).   

 
Table 2: Sugar levels and TC and TG 

TG TC sugar Groups 

96.62 ± 2.20C 124.37 ± 1.22C 101.25± 3.27C C- 

115 ± 6.07A 216.12 ± 3.32A 273± 3.75A C+ 

101.12± 2.38BC 132.5 ± 3.69BC 126.62 ± 2.51B Met 

98.37± 2.12BC 126.5 ± 1.97BC 121.51 ± 3.08B Ph1 

106.5 ± 2.32AB 132.87 ± 3.36B 129.72 ± 2.07B Ph2 

9.73 8.97 8.32 LSD (p< 0.05) 

 * C-: control negative group, C+: control positive group, Met: metformin group, Ph1: phlorizin group (without 
diabetes), Ph2: phlorizin group (diabetic)    

 
Figure 2: Sugar levels 
*G1: control negative group, G2: control positive group, G3: metformin group, G4: phlorizin group (without diabetes), 
G5: phlorizin group (diabetic)    
 

 
Figure 3: TC levels 
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* G1: control negative group, G2: control positive group, G3: metformin group, G4: phlorizin group (without 
diabetes), G5: phlorizin group (diabetic)    
 

 
Figure 4: TG levels  
* G1: control negative group, G2: control positive group, G3: metformin group, G4: phlorizin group (without 
diabetes), G5: phlorizin group (diabetic)    
2. Lipoprotein Levels (LDL, HDL, VLDL) 
The data in table (3) and figures (5, 6 and 7) presented 
the lipoprotein levels, including Very Low-Density 
Lipoprotein (VLDL), High-Density Lipoprotein (HDL), 
and Low-Density Lipoprotein (LDL) across various 
experimental groups. 
The LDL, HDL and VLDL level in the (C-) group was 
(56.67 ± 2.23, 48.37± 1.89 and 19.32 ± 0.44 mg/dL) 
respectively was within normal limits, indicating a 
healthy lipid profile. 
While the results recorded a significant increase in 
(C+) group for LDL and VLDL levels (156.1 ± 3.43 and 
22.75 ± 1.32 mg/dl), at the same time, a lower level of 
HDL (36.5 ± 1.13 mg/dl) compared to (C-) group, 
which reflects the dyslipidemia associated with 
diabetes and insulin resistance this is consistent with 
study data provided by (35(. 
In the same way the (Met) group showed a lower level 
of LDL and VLDL (54.65 ± 4.78 and 20.22 ± 0.47 mg/dL) 
respectively compare to (C+) group (156.1 ± 3.43 and 
22.75 ± 1.32 mg/dl) but slightly higher than the (C-) 
group, while highest level of HDL (57.62 ± 1.61 mg/dL) 

compared to the other groups, this is due to the ability 
of metformin to enhance insulin sensitivity and 
reduce the severity of complications resulting from 
diabetes (36(. 
The results of LDL level in the two groups (Ph1 and 
Ph2) (52.07 ± 2.78 and 61.82 ± 4.73 mg/dl) 
respectively was lower compared to the (C+) group, 
while the results showed no significant difference 
(P<0.05) in the VLDL levels which reached (19.55 ± 
0.50 and 21.3 ± 0.46 mg/dl) respectively, compared to 
the (C-) group, and slightly higher compared to the 
group (C+). Similarly, the HDL levels in both (Ph1 and 
Ph2) groups (55 ± 1.22and 49.75 ± 1.83 mg/dl) 
respectively were higher compared to the (C-) group. 
This reason was that phlorizin inhibiting the reuptake 
of sodium glucose transporter (SGLT), increasing 
glucose entry into cells, and improving beta cell 
function and insulin sensitivity. The results obtained 
in the present study were consistent with previous 
reports, which supported the view that phlorizin 
effectively reduced high blood glucose and improved 
lipid metabolism in experimental diabetes model (37). 

Table 3: Lipoprotein Levels (LDL, HDL, VLDL) 

VLDL HDL LDL Groups 

19.32 ± 0.44B  48.37± 1.89B 56.67 ± 2.23B C- 

22.75 ± 1.32A  36.5 ± 1.13C 156.1 ± 3.43A C+ 

20.22 ± 0.47B  57.62 ± 1.61A 54.65 ± 4.78B Met 

19.55 ± 0.50B 55 ± 1.22A 52.07 ± 2.78B Ph1 

21.3 ± 0.46AB  49.75 ± 1.83B 61.82± 4.73B Ph2 

2.08 4.51 10.73 LSD (p < 0.05) 

* C-: control negative group, C+: control positive group, Met: metformin group, Ph1: phlorizin group (without 
diabetes), Ph2: phlorizin group (diabetic)    
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Figure 5: LDL level 
* G1: control negative group, G2: control positive group, G3: metformin group, G4: phlorizin group (without 
diabetes), G5: phlorizin group (diabetic)    
 

 
Figure 6: HDL levels 
* G1: control negative group, G2: control positive group, G3: metformin group, G4: phlorizin group (without 
diabetes), G5: phlorizin group (diabetic)    
 

 
Figure 7: VLDL levels 
* G1: control negative group, G2: control positive group, G3: metformin group, G4: phlorizin group (without 
diabetes), G5: phlorizin group (diabetic)    
3. Increased Insulin Resistance (IRI) and C - reactive 
protein (CRP) 

The data presented in table (4) and figures (8 and 9) 
illustrated the Homeostatic Model Assessment of 
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increased insulin resistance (IRI) and C- reactive 
protein (CRP) levels across different experimental 
groups. These parameters are critical for assessing 
insulin resistance and inflammation, particularly in 
the context of diabetes and metabolic disorders. 
Control negative group (C-) showed a normal insulin 
sensitivity (1.91 ± 0.17Uu/ml), and a normal level of 
inflammatory marker (CRP) (2.5 ± 0.03 mg/dl). 
On the other hand, the data of (C+) group showed a 
significantly higher IRI level (3.98 ± 0.25 IU/ml) 
(P<0.05) as well as a significant increase (P<0.05) in 
CRP level in this group (3.25 ± 0.09 mg/dL) compared 
to (C-) group due to the toxic effect of STZ, as STZ-
induced diabetic and has the ability to secrete large 
amounts of insulin, which is consistent with the study 
presented by (38). Group (Met) had a significant 

decrease in IRI and CRP levels (2.5 ± 0.26 IU/ml and 
3.01 ± 0.07 mg/dL) respectively which were lower 
than (C+) group and a significant increase compared 
to (C-) group. This due to the high efficacy of 
metformin, which significantly improved blood 
glucose and insulin resistance in diabetic mice, which 
is agreed with the study content (39). Similarly, (Ph1 
and Ph2) groups showed a significant reduction in IRI 
levels (1.83 ± 0.16 and 2.93 ± 0.17 IU/ml) respectively, 
as well as a reduction in CRP levels by (3.03 ± 0.06 
mg/dL and 2.96 ± 0.07 mg/dL) respectively compared 
to (C+) group. Due to the efficacy of phlorizin, which 
is a biologically active plant molecule, and it acts as a 
natural regulator for the management of insulin 
resistance and T2DM (40) 
 

Table 4: IRI and CRP Levels in Different Experimental Groups 

CRP IRI Groups 

2.5 ± 0.03C  1.91 ± 0.17CD C- 

3.25 ± 0.09A 3.98 ± 0.25A C+ 

3.01 ± 0.07B  2.5 ± 0.26BC Met 

3.03 ± 0.06 B  1.83 ± 0.16 D Ph1 

2.96 ± 0.07 B  2.93 ± 0.17B Ph2 

0.198 0.600 LSD (P <0.05) 

* C-: control negative group, C+: control positive group, Met: metformin group, Ph1: phlorizin group (without 
diabetes), Ph2: phlorizin group (diabetic)    
 

 
Figure 8: IRI levels 
* G1: control negative group, G2: control positive group, G3: metformin group, G4: phlorizin group (without 
diabetes), G5: phlorizin group (diabetic)    
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Figure 9: CRP levels 
* G1: control negative group, G2: control positive group, G3: metformin group, G4: phlorizin group (without 
diabetes), G5: phlorizin group (diabetic)    
Conclusion  
The current study concluded that Phlorizin, a natural 
extract of apple tree, has shown promising 
therapeutic effects in reducing complications of 
diabetes, similar to the drug metformin. Phlorizin 
improved metabolic parameters by reducing blood 
sugar, cholesterol and triglyceride levels, in addition 
to alleviating liver and kidney injury in mice with 
hyperlipidemia due to it is anti-inflammatory 
properties, thus reducing inflammation associated 
with diabetes. Moreover, a comparative analysis 
between metformin and phlorizin extract treatments 
reveals subtle differences in their therapeutic effects 
both effectively improve metabolism and reduce 
harmful complications associated with diabetes, but 
there are similarities in their effectiveness. 
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