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Abstract: In this study; the effect of Quercus ithaburensis subsp. macrolepis fruit extract (QIFE) on blood glucose and oxidant-
antioxidant systems in streptozotocin (STZ)-nicotinamide-induced type 2 diabetic rats was investigated. Type 2 diabetes was 
induced in rats by intraperitoneal injection of STZ (65mg/kg)-Nicotinamide (45 mg/kg). Rats were given 535mg/kg QIFE 
fruit extract in their drinking water for 21 days. Rats were divided into four groups; Control (C), Control+QIFE (C+QIFE), 
Diabetes (D), and Diabetes+QIFE (D+QIFE). Plasma and tissue malondialdehyde (MDA) levels were measured by 
spectrophotometry. Whole blood glutathione peroxidase (GSH-Px), serum superoxide dismutase (SOD) enzyme levels, serum 
paraoxonase (PON), and arylesterase (ARE) enzyme activities were determined using commercial kits. Serum insulin levels 
and blood glucose were evaluated using a Rat ELISA Kit and glucometer, respectively. Also, the autoanalyzer was used to 
assess the lipid profile. While blood sugar and serum total cholesterol (TC) levels showed a statistically significant decrease in 
the C+ QIFE and D+ QIFE groups (C and D groups, respectively), serum insulin levels showed a statistically significant 
increase in the D+QIFE group compared to the D group. In the D+QIFE group, a statistically significant increase was observed 
in PON and ARE enzyme activities compared to the D group, but in the C+QFE group, a significant increase was found in 
whole blood GSH-Px and serum SOD levels compared to the C group. A statistically significant decrease was detected in 
plasma, heart, muscle, and liver tissue MDA levels in the D+QIFE group compared to the C group. As a result, it was concluded 
that Q. ithaburensis fruit extract has anti-hyperglycemic, anti-hyperlipidemic effects, strengthens the antioxidant system, and 
is a good phytotherapeutic agent that prevents/improves metabolic processes and related complications related to diabetes 
mellitus. 

Keywords: Antioxidant, lipid peroxidation, phytotherapeutic agents, oxidative stress. 

Streptozotosin-Nikotinamid ile Oluşturulmuş Tip 2 Diyabetik Sıçanlarda Quercus ithaburensis 
subsp. macrolepis Meyve Ekstraktının Terapötik Potansiyeli 

Öz: Bu çalışmada; Quercus ithaburensis subsp. macrolepis meyve ekstraktının streptozotosin (STZ)-nikotinamid ile oluşturulan 
tip 2 diyabetli sıçanlarda kan glikozu ve oksidan-antioksidan sistemler üzerindeki etkisi araştırıldı. Sıçanlarda tip 2 diyabet, 
STZ (65 mg/kg)-nikotinamidin (45 mg/kg) intraperitoneal enjeksiyonuyla oluşturuldu. Sıçanlara 21 gün boyunca içme 
sularına 535mg/kg Q. ithaburensis meyve ekstraktı verildi. Sıçanlar dört gruba ayrıldı; Kontrol (K), Kontrol+Q. ithaburensis 
meyve ekstraktı (K+QIFE), Diyabet (D), Diyabet+Q.ithaburensis meyve ekstraktı (D+QIFE). Plazma ve doku malondialdehit 
(MDA) düzeyleri spektrofotometre ile ölçüldü. Tam kan glutatyon peroksidaz (GSH-Px), serum süperoksit dismutaz (SOD) 
enzim düzeyleri, serum paraoksonaz (PON) ve arilesteraz (ARE) enzim aktiviteleri ticari kitlerde belirlendi. Serum insülin 
düzeyleri ve kan glikozu sırasıyla bir Rat ELISA Kiti ve glukometre ile değerlendirildi. Ayrıca, lipid profilini değerlendirmek 
için otoanalizör kullanıldı. Kan şekeri ve serum total kolesterol (TK) düzeyleri K+QIFE ve D+ QIFE gruplarında (sırasıyla K 
ve D grupları) istatistiksel olarak anlamlı bir azalma gösterirken, serum insülin düzeyleri D+QIFE grubunda D grubuna 
kıyasla istatistiksel olarak anlamlı bir artış gösterdi. D+QIFE grubunda PON ve ARE enzim aktivitelerinde D grubuna kıyasla 
istatistiksel olarak anlamlı bir artış gözlendi, ancak K+QFE grubunda tam kan GSH-Px ve serum SOD düzeylerinde K grubuna 
kıyasla anlamlı bir artış bulundu. D+QIFE grubunda K grubuna kıyasla plazma, kalp, kas ve karaciğer doku MDA 
düzeylerinde istatistiksel olarak anlamlı bir azalma tespit edildi. Sonuç olarak, Q. ithaburensis meyve ekstraktının 
antihiperglisemik, antihiperlipidemik etkiye sahip olduğu, antioksidan sistemi güçlendirdiği, diyabete bağlı metabolik 
süreçleri ve buna bağlı komplikasyonları önleyen/iyileştiren iyi bir fitoterapötik ajan olduğu sonucuna varıldı. 

Anahtar kelimeler: Antioksidan, lipid peroksidasyonu, fitoterapötik ajan, oksidatif stres. 

1. Introduction 

From ancient times to the present, it is known that herbal 
medicines or their extracts are used to protect or treat 
health. It is known that plants are widely preferred by the 
public because they are natural and present a reduced risk 
of side effects compared to synthetic drugs. What is 
considered natural among people is the polyphenols (such 
as flavonoids, lignans, stilbenes, and phenolic acids) found 
in the structure of plants and have strong antioxidant 

properties (Shweta et al., 2021; Mithun et al., 2022). 
Polyphenolic compounds have many effects, such as 
antioxidant, anticancer, antimicrobial (Ahmed et al., 2016), 
antithrombotic (Mirza et al., 2019), and antidiabetic effects 
(Ngan et al., 2020). Today, the antidiabetic effect of 
polyphenols is one of the most researched areas and the 
mechanisms of action of approximately five hundred 
plants have been studied and established (Ramesh et al., 
2017; Lin et al., 2018; Tarique et al., 2020).  
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Type 2 diabetes (non-insulin-dependent diabetes) is 
one of the rapidly spreading chronic diseases in the world. 
Genetic and environmental factors are effective in the 
formation of this disease, and in both cases, heterogeneous 
insulin resistance and pancreatic beta-cell dysfunction are 
in question (Ralph et al., 2015). In addition, oxidative stress 
resulting from hyperglycemia, hyperlipidemia, obesity, 
and alterations in the antioxidant defense system 
contributes to the development of microvascular and 
macrovascular complications (Surapon, 2015; de Gaetano 
et al., 2018). Diabetes treatment is a life-long disease that 
needs to be followed closely. Therefore, it is necessary to 
consider that there are different strategies for the 
management of this disease and to evaluate it well. Among 
these, reducing and controlling postprandial 
hyperglycemia caused by carbohydrate intake is very 
common, especially in diabetes patients. For this reason, it 
is important to inhibit the catalytic activities of α-amylase 
and α-glucosidase which are effective in carbohydrate 
metabolism to control postprandial blood sugar (Bhandari 
et al., 2008; Jianwei et al., 2014). Another is preventing the 
formation of advanced glycation end products (AGEs) 
(Matsuda et al., 2003). Control of all of these is provided by 
synthetic inhibitory agents, but their side effects should 
not be ignored (Nissen et al., 2007; Neuman et al., 2012; 
Eugene et al., 2016). A further approach is to strengthen 
the antioxidant defense against oxidative stress in 
diabetes. In fact, our body creates the primary defense 
against oxidative stress through its antioxidant enzyme 
system, which includes enzymes like glutathione 
reductase (GR), glutathione peroxidase (GPx), catalase 
(CAT), and superoxide dismutase (SOD) (Pisoschi et al., 
2015). Also, antioxidant vitamins (e.g., C, E, B1, and B6) 
and polyphenols, which are powerful antioxidants, play a 
crucial role in preventing and combating oxidative stress. 
Supplementing diabetic conditions with these vitamins 
and polyphenolscan help enhance our antioxidant defense 
(Sarandol et al., 2020; Tas et al., 2014; Tas et al., 2024; Zanza 
et al., 2019; Sen et al., 2010).  

Quercus, one of the plants used in diabetic conditions, 
belongs to the Fagaceae family and is known as the oak 
tree. Quercus spp. consists of about 600 species worldwide, 
which produce some fruit commonly known as an acorn 
(Vinha et al., 2019). Acorn fruit is abundant in phenolic 
compounds (such as ellagic acid and gallic acid 
derivatives), flavonoids (quercetin, catechin, naringin), 
and tannins, as well as other unsaturated fatty acids such 
as linoleic, oleic, and palmitic acids (Rakic et al., 2006; Taib 
et al., 2020; Makhlouf et al., 2019, Ana et al., 2016). 
Additionally, acorns are rich in protein, fiber, and minerals 
and contain vitamins A and E (with tocopherols found in 
significant amounts) which support and strengthen their 
antioxidant structure (Özcan, 2007; Özcan, 2006; Özcan, 
2005). Quercus species; bark, leaf, and fruit extracts have 
broad mechanisms of action such as antidiabetic (Yin et al., 
2018) anti-inflammatory (Huang et al., 2016), anticancer 
(Zehra et al., 2019), neuroprotective (Gezici & Sekeroğlu, 
2019), and antioxidant (Rakic et al., 2006).  

There are many studies on the effects of Quercus 
species. However, no study has been found on the effects 
of Q. ithaburensis subsp. macrolepis (Kotschy) Hedge and 
Yalt fruit extracts on STZ-nicotinamide induced type 2 
diabetic rats.  

In this study, the effects of Q. ithaburensis subsp. 
macrolepis fruit extract on STZ-nicotinamide-induced 
type 2 diabetic rats were examined. To evaluate 
antioxidant mechanisms, serum PON and ARE activities, 
blood GSH-Px, and erythrocyte SOD levels were 
measured. Plasma and tissue MDA (heart, gastrocnemius 
muscle, liver, kidney) levels were measured to evaluate 
lipid peroxidation status. Also, blood glucose, serum 
insulin, and lipid levels were determined. 

2. Material and Method 

2.1. Experimental Design 

Forty male Wistar albino rats, aged 3 months, were 
acquired from the Animal Center of Bursa Uludağ 
University (Ethic number 2018-04/11). The rats, grouped 
four per cage, were kept in an environment with a constant 
temperature of 25 ± 2°C and a 12-hour light/dark 
photoperiod throughout the experiment. During this 
period, the rats were given a standard pelleted diet and tap 
water.  

The rats (n=10) were assigned to four distinct groups: 
Group 1: Normal control rats (C), Group 2: Control rats 
administered Q. ithaburensis fruit extract (C+QIFE), Group 
3: STZ- Nicotinamide-induced diabetic rats (D), Group 4: 
STZ-nicotinamide-induced diabetic rats administered Q. 
ithaburensis fruit extract (D+QIFE). 

2.2. Diabetes Induction 

The STZ-nicotinamide diabetes model previously 
described by Masiello et al. (1998) was applied with a 
modified dosage. Rats were first injected with 45 mg/kg 
body weight of nicotinamide intraperitoneally (I.P.), and 
15 minutes later, they were given a single intraperitoneal 
dose of 65 mg/kg body weight of STZ, prepared in citrate 
buffer (pH 4.5). Rats with blood glucose levels ≥200 
mg/dL (measured with IME-DC blood glucose meters, 
Germany) 48 hours after injection were considered 
diabetic. 

2.3. Quercus ithaburensis subsp. macrolepis Fruit Extract 

Quercus ithaburensis subsp. macrolepis was collected from 
the skirts of Kaz Mountain, located to the north of Edremit 
Gulf, within the borders of Edremit District in Balıkesir 
Province, and Q. ithaburensis plant (above-ground part) 
extract was prepared by a commercial company (Kale 
Natural Bitkisel Ürünler, Edremit/Balıkesir). The QIFE 
extract came from the company in sterile dark glass bottles 
as 100mL/5g and we diluted it by pouring it into 400mL 
water. According to the water consumption per rat, 
535mg/kg QIFE fruit extract was given to the drinking 
water of group II (C+QIFE) and group IV (D+QIFE) rats 
one week after STZ injection for 21 days. In our study, the 
Q. ithaburensis dose to be given to diabetic rats was 
evaluated as reference according to the administration 
doses of different Quercus species such as 25 mg/kg 
(Doğan et al., 2015), 200 and 800 mg/kg (Yin et al., 2018), 
250 mg/kg, 500 mg/kg (Saini et al., 2012). The fluid and 
food intake of all groups of rats were measured daily, 
while body weight and blood sugar levels were measured 
weekly using an Abbott glucometer (USA). 

2.4. Sample Preparation 

Four weeks after the experimental procedure, blood 
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samples were taken from the rats by cardiac puncture 
under 3% isoflurane inhalation throughout the operation. 
Then, the heart, skeletal muscle (gastrocnemius muscle), 
liver, and kidney tissues were quickly removed, rinsed 
with a standard normal saline cold solution, and stored at 
-20°C. For plasma samples blood samples were collected 
into tubes containing EDTA and/or heparin. Plasma and 
serum samples were then centrifuged at 3000 rpm for 15 
minutes and stored at -20°C until analyzed. 

2.5. Determination of Biochemical Parameters 

Serum lipid levels (TC, HDL-C, TG) were measured using 
an autoanalyzer (Abbott, Architect, USA). Serum insulin 
levels were determined using a Rat ELISA kit (Lab Science, 
E-EL-R2466, USA) and the results were expressed as 
ng/mL. In addition, serum SOD and blood GSH-Px levels 
were determined using a kit (YL Biotech, Shanghai) and 
the values were expressed as ng/mL. Serum PON1 and 
ARE enzyme activities were determined using a 
commercial kit and the units were expressed as U/L. (Rel 
Assay Diagnostics, Mega Tıp, Gaziantep, Türkiye). MDA 
levels of tissues (heart, skeletal muscle, liver, and kidney) 
were studied according to the method of Ohkawa et al. 
(1979) and the values were expressed as nmol MDA/mg 
tissue expressed. Also, according to the method of Young 
& Trimble (1991) plasma MDA concentration was 
determined. The results are expressed as nmol/mL. 

2.6. Statistical Analysis 

Statistical analyses were performed using SPSS 20.0 for 
Windows (SPSS, Chicago, IL), and the data are presented 
as the mean ± standard error of the mean (SEM). The 

Kruskal–the Wallis test followed by the Mann–Whitney U 
test was used. A level of p<0.05 was accepted as 
statistically significant. 

3. Results 

As presented in Table 1, food (p<0.05) and water intake 
(p<0.01), blood glucose (p<0.01), and total cholesterol (TC) 
levels (p<0.05) were significantly higher in group D rats 
compared to control rats, whereas a significant decrease in 
serum insulin levels was seen (p<0.01). D+QIFE group rats 
that were given QIFE fruit extract had a statistically 
significant decrease in food (p<0.01) and water intake 
(p<0.05), blood glucose (p<0.01), and TC levels (p<0.05) 
compared to group D rats, while a significant elevation in 
insulin levels was observed (p<0.01). Compared to group 
C, the increase in body weight in the C+QIFE group was 
not statistically significant. There was a significant increase 
in serum GSH-Px and SOD enzyme activities in the 
C+QIFE group compared to the C group (p<0.01 and 
p<0.05, respectively). 

A significant reduction in blood glucose and TC 
levels (p<0.05) was detected in C+QIFE group rats 
compared to the control group rats. In the D group, SOD 
and blood GSH-Px levels were elevated (p<0.05) when 
compared to the C group rats but PON and ARE enzyme 
activities were found to be statistically lower (p<0.01). 
However, only PON and ARE enzyme activities were 
significantly higher in the D+QIFE group (p<0.01) 
compared to the D group. Additionally, in the D group 
rats, SOD and GSH-Px levels were significantly increased 
(p<0.05) compared to the C group rats (Table 2).

Table 1. Body weight, food and water consumption, serum glucose and insulin levels, and lipid profile of the study group 

Group C C+QIFE D D+QIFE 

Food intake (g/24s) 24.1 ± 1.3 22.8 ± 0.4 34.1 ± 0.5a* 30.2± 0.46b** 

Water intake (mL/24s) 41 ± 1.3 45 ± 1.4 85 ± 1.3a** 76 ± 2.3b* 

Body weight (g) 288 ± 7 300 ± 3.1 298 ± 4.5 289 ± 6 

Glucose (mg/dL) 133.6± 3.2 118.5± 2.5a* 294± 18a** 278.4 ± 5.6b** 

Insulin (ng/mL) 1.7 ± 0.1 1.7 ± 0.2 0.6 ± 0.06a** 1.02 ± 0.03b** 

TC (mg/dL) 60.2 ± 1.5 48 ± 1.7a* 69.6± 1.8a* 60± 2.6b* 

TG (mg/dL) 78.4 ± 2.2 73.5 ± 3.5 80.6 ± 3.6 79.5 ± 3.5 

HDL-C (mg/dL) 50.8 ± 1.9 51.1± 1.3 54.5 ± 1.0 55.7 ± 1.6 

TC: Total cholesterol, TG: Triglyceride, HDL-C: High-density lipoprotein cholesterol, C: Normal control rats, C+QIFE: Control rats with 
orally administered Q. ithaburensis fruit extract, D: Streptozotocin-Nicotinamid induced diabetic rats, D+QIFE: Diabetic rats with orally 
administered Q. ithaburensis fruit extract. Values are presented as the mean±SEM (standard error of the mean) for ten rats in each group, 
Statistical comparison: a C vs C+QIFE, b C vs D, c D vs D+QIFE, Statistical significance, * p < 0.05, ** p < 0.01 

Table 2. Serum paraoxonase and arylesterase activities, superoxide dismutase, and blood glutathione peroxidase levels in rats. 

Group C C+QIFE D D+QIFE 

Blood GPX (ng/mL) 8.3 ± 1.4 12.8 ± 0.53a** 11.8 ± 0.85a* 13.14 ± 0.66 

Blood SOD (ng/mL) 0.94 ± 0.17 1.59 ± 0.14a* 1.28 ± 0.03a* 1.31 ± 0.32 

PON (U/L) 136.5 ± 8.5 144.7 ± 9.8 52.3 ± 3.5a** 160.1 ± 9.5b** 

ARE (U/L) 140.1 ± 2.4 143.1 ± 1.3 59.7 ± 2.4a** 148.7 ± 7.4b** 

PON: Paraoxonase, ARE: Arylesterase, SOD: Superoxide dismutase, GSH-Px: Glutathione peroxidase, Values are expressed as mean ± 
SEM (standard error of the mean) for ten rats in each group, Statistical comparison: a C vs C+QIFE b C vs D, c D vs D+QIFE, Statistical 
significance, * p < 0.05, ** p < 0.01, for abbreviations of study groups, see Table 1. 

According to C group rats, plasma (Figure 1) and tissue 
MDA heart, musle, liver, kidney (Figure 2) levels were 
significantly higher in the D group rats (p<0.01). Plasma, 

heart, muscle (p<0.01), and liver (p<0.05) tissue MDA 
levels were significantly diminished in the D+QIFE group 
compared with the D group. However, the reduction in 
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plasma and tissue MDA levels in the C+QFE group, 
compared to the C group rats, was not statistically 

significant. 

 

Figure 1. Plasma MDA (nmol/ml) 

C: Normal control rats, C+QIFE: Control rats with orally administered Q. ithaburensis fruit extract, D: Streptozotocin-Nicotinamid induced 
diabetic rats, D+QIFE: Diabetic rats with orally administered Q. ithaburensis fruit extract. Values are expressed as mean ± SEM (standard 
error of the mean) for ten rats in each group, Statistical comparison: a C vs C+QIFE, b C vs D, c D vs D+QIFE, Statistical significance, ** p 
< 0.01 

 

Figure 2. MDA(nmol/mg) Tissue 

Values are expressed as mean ± SEM for ten rats in each group, Statistical comparison: a C vs C+QIFE b C vs D, c D vs D+QIFE, Statistical 
significance, * p < 0.05, ** p < 0.01, for abbreviations of study groups, see Figure 1. 

4. Discussion and Conclusion 

STZ-Nicotinamide administration is one of the commonly 
used methods for experimentally inducing type 2 diabetes 
in rats. While STZ selectively damages the insulin-
secreting beta cells of the pancreas, nicotinamide (B3) 
partially protects the pancreatic β cells through nitric 
oxide-mediated mechanisms and causes moderate 

hyperglycemia in rats when administered together 
(Masiello et al.,1998; Szkudelski, 2012; Ghasemi et al., 
2014). In this study, a moderate increase in fluid and food 
intake and a decrease in hyperglycemia, hyperlipidemia, 
and insulin levels in rats administered STZ-nicotinamide 
supported the findings of type 2 diabetes (Table 1). In 
addition, the increase in plasma and tissue MDA levels, 
SOD and GSH-Px antioxidant enzyme levels, and decrease 
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in PON and ARE enzyme levels in the diabetes group 
support research findings indicating elevated oxidative 
stress levels in diabetes (Sarandol et al., 2020; Bassalat et 
al., 2020; Tas et al., 2018; Tas et al 2024; de Gaetano et al., 
2018).  

Many plants are used for therapeutic purposes in 
diabetes and one of them is the Quercus species. It has been 
reported that phenolic acids (especially ellagic and gallic 
acids and their derivatives), flavonoids (especially flavan-
3-ol), and tannins (Rakic et al., 2006; Taib et al., 2020; 
Makhlouf et al., 2019; Özcan, 2007) found in the structure 
of almost all Quercus species have therapeutic properties 
in diabetes (Doğan et al., 2015; Faten et al., 2022; Yin et al., 
2018; Ema et al., 2020). In this study, we observed a 
significant decrease in serum glucose levels in the D+QIFE 
and C+QIFE groups, as well as a significant increase in 
insulin levels in the D+QIFE group. These effects may be 
attributed to the impact of flavonoids in Q. ithaburensis 
fruit extract on carbohydrate metabolism, when compared 
to the D and C groups, respectively. Because flavonoids 
have the ability to inhibit carbohydrate hydrolyzing 
enzymes such as α-amylase, α-glucosidase, and 
disaccharidase and/or affect insulin uptake by altering the 
GLUT4 mechanism (Bhandari et al., 2008; Jianwei et al., 
2014; de Gaetano et al., 2018; Etxeberria et al., 2012; 
Anastasia et al., 2015). In addition, another reason for the 
decrease in blood glucose levels is the ability of flavonoids 
to regenerate the pancreas due to their strong antioxidant 
effects and this has been shown in many studies (Arora et 
al., 2021; Vinayagam & Xu, 2015; Matacchione et al., 2020; 
Attanayake et al., 2019). The increase in insulin levels in 
the D+QIFE group in this study confirms this. However, 
another important issue that we need to focus on in this 
study is that blood sugar levels were significantly lower in 
the C+QIFE group than in the control group. For this 
reason, QIFE extract may have a hypoglycemic effect on 
healthy individuals and its dose-related effects should be 
carefully evaluated and investigated. Also, we think that 
the decrease in TC levels in the C+QIFE and D+QIFE 
groups may be due to different action mechanisms of 
flavonoids in the QIFE extract such as reducing intestinal 
lipid absorption, bile acid chelation or inhibition of 
pancreatic lipase (Sun et al., 2020; Sugiyama et al., 2007; 
Gök et al., 2020). In addition, the hyperglycemia and 
hyperlipidemia we detected in the diabetes group in this 
study, and the changes in antioxidant enzyme levels may 
have contributed to the increase in plasma and tissue MDA 
levels in group D and these results are consistent with our 
previous studies (Taş et al., 2024, Taş et al., 2022; Taş et al., 
2018; Bassalat et al., 2020). As it is known, one of the main 
targets of ROS is lipids and MDA is a product of lipid 
peroxidation and is one of the parameters widely used to 
indicate oxidative stress in the body (Tsikas, 2017; Wereski 
et al., 2022). Diabetes is a major risk factor for the 
development of atherosclerotic heart disease (Wereski et 
al., 2022; Katsiki, 2019; Shiyi et al.,2024). The decrease we 
observed in plasma and tissue MDA levels in the D+QIFE 
group in our study may be due to the direct antioxidant 
effect of the flavonoids found in Q.ithaburensis fruit extract 
as well as its antihyperglycemic and antihyperlipidemic 
effects as shown in this study. The importance of the 
antioxidant system in combating increased ROS in 
diabetes is very important, and antioxidant enzymes such 
as serum SOD and blood GSH-Px, CAT are very important 

in terms of their effects in preventing lipid peroxidation 
and the development of atherosclerosis 
(Chatuphonprasert et al., 2013; Sheweita et al., 2016). In 
this study, the increase in SOD and GSH-Px enzyme levels 
in the diabetic D group can be considered a response to 
increased oxidative stress. The increase in SOD and GSH-
Px antioxidant enzyme levels in the C+QIFE group may 
result from the effect of Q. ithaburensis fruit extract on 
enzyme synthesis at the transcriptional level. The reason 
why there was no change in these enzyme levels in the 
D+QIFE group may have developed depending on the 
administration time or dose of this extract in the diabetic 
group. 

Another antioxidant enzyme is PON 1; in our study, 
the decrease in PON and ARE levels in the diabetic group 
may be due to hyperglycemia, oxidative stress, and 
increased protein glycation in diabetes. It has been 
determined that paraoxonase binding to HDL is impaired 
due to changes in the regions where HDL binds to PON in 
diabetes (Abbott et al., 1995). When compared with this 
study, it is thought that the decrease in PON levels we 
found in our study may have developed due to this reason. 
PON1 is an HDL-dependent enzyme and exhibits 
atheroprotective properties by protecting both LDL and 
HDL from oxidation. In addition, ARE reflects the enzyme 
mass (Soran et al., 2015; Kotur-Stevuljević et al., 2020; Sun 
et al., 2017) and another factor that may contribute to 
decreased PON activity in diabetic conditions may be the 
decrease in ARE enzyme protein synthesis. The increase in 
both PON and ARE levels in the D+QIFE group that 
received Q ithaburensis fruit extract may be due to the 
antihyperglycemic and antihyperlipidemic properties of 
the QIFE extract as well as its ability to perform 
transcriptional enzyme synthesis as a powerful 
antioxidant. 

Conclusion 

We believe that Quercus ithaburensis subsp. macrolepis fruit 
extract exhibits antihyperglycemic, antihyperlipidemic, 
and hyperinsulinemic effects. Additionally, it significantly 
alleviates oxidative stress through its potent antioxidant 
activity as indicated by reduced levels of the lipid peroxide 
end product MDA (in plasma and tissues) and increased 
antioxidant enzyme activities. In addition, Q. ithaburensis 
fruit extract increased PON and ARE levels, which are 
very important in preventing the oxidation of lipoproteins, 
suggesting that it has a significant effect on the progression 
or prevention of micro-macrovascular complications in 
diabetes. However, another remarkable issue in this study 
is the significant decrease in blood sugar in the group 
receiving C+QIFE extract and the possibility that this may 
create the risk of hypoglycemia in healthy individuals. 
Therefore, when creating a treatment/support program, 
we recommend applying different dose and duration 
strategies well for healthy individuals and diabetic 
patients.  

Thus, based on its strong antioxidant properties and 
ability to correct the impaired metabolism in diabetes, the 
fruit extract Q. ithaburensis can be considered a good 
phytotherapeutic agent to treat/support diabetes. 
However, further studies should be performed to fully 
understand its mechanisms of action. 
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