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Abstrak 

 
Diabetes melitus dan konsekuensinya secara signifikan dipengaruhi oleh stres oksidatif. Jeruk sunkist dan jeruk 

nipis merupakan sumber nutrisi yang kaya akan nutrisi, menawarkan berbagai manfaat kesehatan karena 

kandungan antioksidan, vitamin, mineral, dan seratnya yang tinggi. Senyawa utama seperti antosianin, flavanon, 

dan asam hidroksisinamat berkontribusi pada potensi dampak positifnya untuk mengurangi stres oksidatif. Oleh 

karena itu, efek dari kombinasi butiran nanopartikel kulit jeruk sunkist dan kulit jeruk nipis diteliti pada tikus 

diabetes. Dua puluh ekor tikus Wistar jantan dibagi secara acak:  Kelompok 1 sebagai kelompok kontrol yang 

diberi akuades, Kelompok 2 sebagai kelompok DM dengan aloksan, Kelompok 3 dengan DM + NGSLP 

100mg/kgBB, Kelompok 4 dengan DM + NGSLP 200mg/kgBB. Tikus dengan diabetes diobati dengan injeksi 

intraperitoneal dengan aloksan 100 mg/kgBB. Perlakuan NGSLP diberikan selama 14 hari pada setiap 

kelompok perlakuan. Pada akhir penelitian, darah dan jaringan jantung dikumpulkan dan digunakan untuk 

menentukan enzim GPx, SOD, MDA, CAT dan evaluasi histologis. Induksi diabetes meningkatkan kadar MDA 
dan menurun setelah diobati dengan NGSLP. Pada tikus diabetes yang diobati dengan NGSLP menunjukkan 

adanya peningkatan SOD, GPX dan CAT dalam darah. Temuan histopatologi jaringan jantung menunjukkan 

efek protektif NGSLP pada tikus dengan diabetes. Penelitian ini mengungkapkan bahwa NGSLP memiliki efek 

antioksidan dalam darah dan jantung tikus diabetes yang diinduksi aloksan.  
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Abstract  

Diabetes mellitus and its consequences are significantly influenced by oxidative stress. Sunkist and lime oranges 

are a nutritional powerhouse, offering a range of health benefits due to their high content of antioxidants, 

vitamins, minerals, and fiber. Key compounds like anthocyanins, flavanones, and hydroxycinnamic acid 
contribute to their potential positive impact to reduce oxidative stress. Therefore, the effect of nanoparticle 

granules combination of sunkist orange peel and lime peel was investigated on diabetic rats. Twenty male 

Wistar rats were randomly distributed:  Group 1 as control group given distilled water, Group 2 as DM group 

with alloxan, Group 3 with DM + NGSLP 100mg / kgBW, Group 4 with DM + NGSLP 200mg / kgBW. Rats 

with diabetes were treated by intraperitoneal injection with 100 mg/kg alloxan. NGSLP treatment was given for 

14 days to each treatment group. At the end, the blood and heart tissue were collected and used to determine the 

GPx enzyme, SOD, MDA, CAT and histological evaluation. Diabetes induction increased the level of MDA and 

decreased after treated with NGSLP. In diabetic rats treated with NGSLP showed an increase in SOD, GPX and 

CAT in blood. Histopathological findings of heart tissue showed the protective effect of NGSLP in rats with 

diabetic. This study revealed that NGSLP has antioxidant effects in the blood and heart of alloxan-induced 

diabetic rats. 
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Introduction 

Diabetes mellitus is defined as impaired glucose metabolism associated with impaired 

protein, carbohydrate, and leptin metabolism as a result of insulin resistance, also known as 

insulin sensitivity (1). Hyperglycemia aggravates diabetic complications-related ocular 

symptoms (2). Enzymatic and non-enzymatic scavenger mechanisms protect cells from free 

radicals. However, cells are exposed to oxidative damage, which results in cell injury, if the 

scavenger system and free radical production somehow fall out of balance (3). 

Hyperglycemia is a major contributor to increased reactive oxygen species (ROS) 

production, which promotes tissue damage and diabetic complications. Hyperglycemia 

promotes the formation of advanced glycation end products (AGEs), the polyol and 

hexosamine pathways, and the poly-ADP ribose polymerase (PARP) and protein kinase C 

(PKC) pathways. Excessive mitochondrial superoxide production activates or enhances these 

pathways. Excess mitochondrial superoxide generation activates or amplifies these pathways 

(4,5). This mechanism, which is a source of oxygen free radicals, is taken into consideration 

when trying to explain the pathogenesis of many complications in diabetes, especially those 

related to the vascular endothelium, retina, peripheral nervous system, and cardiovascular 

system. (6,7).  

Traditional medicine (TM) is gaining popularity around the world. In many regions, 

it's part of the healthcare system. It’s offers potential benefits that have contributed to the 

discovery of modern medicines (8). Food plants, which have natural antioxidant and 

protective biochemical properties, are ideal for preventing or protecting against oxidative 

damage induced by free radical species (3). Orange peel, a recognized biological antioxidant, 

has been used in herbal medicine to cure or prevent a number of ailments such as cancer, 

cardiovascular disease, and diabetes (9). Orange peel is also reported to reduce 

hyperglycemia and hyperlipidemia while improving antioxidant status by reducing oxidative 

stress levels and boosting antioxidant enzyme synthesis (10,11). Flavonoids, natural 

compounds found in citrus fruits, have several health benefits including antioxidant, anti-

inflammatory, and potential to prevent heart disease. Several studies show the flavonoids 

from Sunkist and lemon peel can help control blood glucose and fat, and improve heart health 

(9,12,13). However, the combination of orange peel has never been studied for its 

effectiveness. The purpose of this study is to evaluate the effect of NGSLP in the modulation 

of stres and antioksidan in diabetic rats' blood and tissues utilizing biochemical and 

histological markers.  
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Methods 

Animal studies  

This experimental study used a post-test-only control group design and conducted 

from February to July 2024 at the Laboratory of Universitas Prima Indonesia. Fan scales, 

ovens, analyzers, glucometer autocheck, glucose strips, mixers, petri dishes, sample bottles, 

microscopes, incubators, Pyrex beakers and glass jars, filter paper, gloves, masks, cages, and 

rat feeding and drinking stations were among the tools utilized.  The materials utilized were 

sunkist and lime orange peel extract, distilled water, 96% ethanol, alloxan, simvastatin, 

phosphate-buffered saline (PBS) solution, 70% alcohol, and rat feeding pellets. Tweenty male 

Wistar rats (200-250 g) were placed in cage and every cage has five rats. Drinks and food 

were provided ad libitum. The study adhered to Universitas Prima Indonesia's standard of 

ethics (035/KEPK/UNPRI/II/2024). All rats fasted the day before the induction, and their 

blood glucose levels were assessed. Then, alloxan was administered intraperitoneally leading 

to diabetes in Wistar rats. The rats' levels of blood glucose were re-evaluated the next day 

after receiving an alloxan injection. Fasting blood sugar levels of more than 125 mg/dL were 

considered requirements for successful induction. Randomly, rats were distributed among 

four groups (n = 5): 

1.  Control (distilled water)  

2.  Negative control (alloxan at 100 mg/kg BW) 

3. Combination of sunkist orange peel nanoparticle granules and lime peel at 100 mg/KgBW 

+ alloxan,  

4. Combination of sunkist orange peel nanoparticle granules at 200 mg/KgBW + alloxan. 

The treatment with granule nanoparticles from the combination of sunkist orange peel 

and lime peel were given for 14 days. All rats were anesthetized with sodium pentobarbital at 

35 mg/kg, ip, and the blood and heart tissue were collected from starved animals before they 

were euthanized. 

 

Serum to analyze antioxidant enzymes 

GPX, SOD, MDA and CAT levels were determined using blood samples. A 

spectrophotometer assessed SOD activity at 505 nm. Xanthine and xanthine oxidase are 

employed to create superoxide radicals, which combine with 2-(4-iodophenyl)-3 (4-

nitrophenol)-5-phenyl tetrazolium chloride to give a red formazan dye. The xanthine was 

0.05 mmol/L.  The SOD activity values were obtained by comparing to the standard curve 
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and represented as µl/g hemoglobin (Hb) in blood (14,15). The percentage of inhibition was 

computed using the related calculation. A commercial kit was used to assess glutathione 

peroxidase (GPX) activity. GPX catalyzes cumene hydroperoxide's oxidation of glutathione 

(at 4 mmol/L). In the presence of glutathione reductase (at a concentration of ≥ 0.5 units/L) 

and NADPH 0.28 mmol/L, oxidized glutathione is quickly transformed to the reduced form, 

while NADPH is oxidized to NADP+. A spectrophotometer was used to quantify the change 

in absorbance at 340 nm (37 °C), and the GPx concentration was estimated using the 

following method (14,15). 

 

Histophatology 

After the rats were killed, a necropsy was done to extract the heart organ, which was 

then put in a labeled container and immersed in a solution (Neutralized Buffered 

Formaldehyde) NBF 10% to prepare histological sections. Following the insertion of the 

heart into the 10% NBF solution, many preparations were made, including tissue cutting, 

tissue processing, tissue block cutting, mounting, and Haematoxylin-Eosin staining (16). 

Reading and inspecting the preparations with 10x ocular magnification and 40x objective lens 

magnification. 

 

Data Analysis 

All data are presented as mean ± SD. Collected data were analyzed using SPSS; the results of 

Shapiro-Wilk test showed normality of data. So, in this study, we conducted One Way Anova 

test for the analysis. 

 

Research Results 

Antioxidant Enzymes  

Based on the results of the study, MDA levels in the diabetes group increased 

significantly and after administration of NGSLP, MDA levels decreased almost the same as 

MDA levels in the control group. Likewise, the results of the SOD, GPX and CAT enzyme 

examinations increased after administration of NGSLP in mice with diabetes. There were 

statistically significant differences in MDA, SOD, GPx, and CAT activities in the blood 

between the diabetic group and control group. NGSLP administration at 200 mg/kg BW 

significantly increased MDA (p<0.001), SOD (p < 0.001), GPX (p < 0.001), and CAT (p < 

0.001) levels compared to the control group (Figure 1).  
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Figure 1. Effects of NGSLP on diabetic-induced changes MDA and SOD. Data were expressed as 

mean ± SE and analyzed using one-way ANOVA followed by post hoc test. P-values are considered 

significant when ∗ p < 0.05, ∗∗ p < 0.01, and ∗∗∗ p < 0.001 versus control group. 

 

 

 

Figure 2. Effects of NGSLP on diabetic-induced changes GPX and CAT. Data were 

expressed as mean ± SE and analyzed using one-way ANOVA followed by post hoc test. P-

values are considered significant when ∗ p < 0.05, ∗∗ p < 0.01, and ∗∗∗ p < 0.001 versus 

control group. 

The administration of NGSLP 200 mg/kg BW for 14 days significantly increased the 

activities of antioxidant enzymes (SOD, GPx, and CAT) and decreased the level of 

malondialdehyde (MDA) in the blood of diabetic rats compared to the control group. These 

findings suggest that NGSLP has antioxidant properties and may be beneficial in reducing 

oxidative stress in diabetes. 
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Figure 5. Histology of Heart. G1: control group, G2: Diabetes group, G3: Diabetes+ NGSLP 

100mg/kg BW, G4: Diabetes+ NGSLP 200mg/kg BW 

The findings suggest that the control group has normal cardiac tissue. Myocyte cell 

necrosis was seen in the diabetic group, indicating that alloxan induction might induce heart 

muscle cell death. Heart muscle fibers were destroyed, and the cell nucleus degenerated. In 

group G3, it was discovered that the myocyte cells seen were injured in just one fascicle, with 

this rise occurring when nanoparticle 

 

Discussion 

In this study, the treatment with NGSLP in diabetic rats showed a significant increase 

in antioxidant enzymes (SOD, GPX and CAT) indicating that NGSLP has a strong 

antioxidant effect in rats. In addition, histopathological findings showed that NGSLP 

treatment for 14 days reduced pathological changes in the heart of diabetic animals. Diabetes 

mellitus is associated with increased oxidative stress, characterized by elevated production of 

reactive oxygen species and decreased activity of antioxidant enzymes (17). This redox 

imbalance leads to damage of vital biomolecules and contributes to diabetic complications. 

SOD, GPx, and CAT are key antioxidant enzymes that protect against oxidative damage (18–

20). Studies have shown reduced activity of these enzymes in diabetic patients, particularly 

those with long-standing diabetes or obesity. The presence of infections, such as Epstein-Barr 

virus, may further decrease antioxidant enzyme activity in diabetics (19). Oxidative stress 

affects pancreatic β-cell function and contributes to micro and macrovascular complications 

(20). 

Since most antidiabetic drugs can have side effects, many studies have been conducted 

to identify natural substances that exhibit antidiabetic activity with fewer side effects(21). Our 

previous study showed a potential effect of sunkist peel to decrease the total cholesterol, LDL, 
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triglycerides, and HDL levels of rats with diabetes (22). Orange peel may be a suitable 

candidate for antidiabetic agents through its antioxidant effects. The peel contains flavonoids 

that exhibit antioxidant, α-glucosidase inhibitory, and antiglycation effects, which are crucial 

in managing diabetes and its complications (13,23). Orange peel extract, especially when 

combined with exercise, can ameliorate diabetes-induced dysglycemia, dyslipidemia, and 

upregulate GLUT4 expression (24). The flavonoids in citrus peel have been found to improve 

glucose metabolism, enhance insulin signaling, repair pancreatic islet cells, stimulate insulin 

secretion, and protect against diabetic complications (25). These effects are primarily 

attributed to enzyme inhibition, gene expression regulation, and antioxidant properties. While 

these findings are promising, further research on safety and efficacy is needed to develop 

orange peel flavonoids as an alternative therapy for diabetes mellitus. In the current study, 

administration of NGSLP also significantly enhanced the oxidative defense system in control 

rats, indicating that administration of NGSLP homogenate to controls activates almost the 

same mechanisms and pathways that enhance the antioxidant defense system. The underlying 

mechanisms responsible for the increased injury in diabetic myocardium are not fully 

understood. However, excessive free radical formation and/or depletion of endogenous 

antioxidant defense systems have been implicated (17,26). The main histopathological 

findings were that the myocardium of diabetic animals showed myonecrosis with edema, 

inflammatory cells, and separation of myocardial fibers. Treatment of rats with NGSLP 

homogenate ameliorated the cardiac tissue damage manifested as mild edema and 

inflammatory cells. 

 

Conclusions and Suggestions 

NGSLP inhibits lipid peroxidation and activates free radical scavengers in the blood and heart 

of alloxan-treated Wistar rats. Therefore, NGSLP has strong potential in helping to protect 

against free radical production in diabetes. However, further research is needed to fully 

understand the mechanisms of action and to optimize the dosage and treatment regimen. 
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