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R E S E A R C H  A R T I C L E

BACKGROUND: The peel of Citrus sinensis (L.) Osbeck (sunkist orange) peels, which are often seen as waste, 
actually contains valuable properties such as antioxidants, hypoglycemic, nephroprotective, and anti-inflammatories. 
The potential effects of C. sinensis peel on diabetes have been discussed but not clear yet. Therefore, this study was 

performed to evaluate the effects of Granule Nanoparticle Sunkist Peel (GNSP) extracts as an antidiabetic agent in alloxan-
induced diabetic rats. 
METHODS: The nanoparticle suspension was prepared by mixing a formulation of 0.2% chitosan and 0.1% sodium 
tripolyphosphate. The characteristics of nanoparticles were measured by flow time, tap index and angle of repose. Rats 
were induced with alloxan injection to create diabetes rat models. Rats were divided into five groups; normal control group, 
diabetic controls, and diabetic rats receiving either 50, 100, or 200 mg/kg/day GNSP. After 28 days of diabetes induction, rats 
were euthanized, and blood as well as tissue samples were collected. Blood glucose levels, HbA1c, and histopathology of the 
liver, kidneys, and pancreas were then assessed.
RESULTS: The particle size of the synthesized material was 92.3 nm, which confirmed the nature of nanoparticle. The 
characteristics of the granule nanoparticle were also in accordance with the standards for drugs suitable for consumption. The 
administration of GNSP in dose dependent manner significantly decrease blood glucose levels and HbA1C to normal levels 
compared to control group (p<0.05). Histopathological analysis indicated recovery in pancreas, liver, and kidney tissues 
following GNSP administration. 
CONCLUSION: GNSP administration lowers blood glucose levels and HbA1C, as well as improved histopathological 
condition of pancreas, liver, and kidney in diabetic rats. These findings suggest the potential of utilizing GNSP as a potent 
antidiabetic agent. 
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Abstract

Introduction

Diabetes mellitus presents a rapidly escalating global 
health challenge, with an estimated 285 million affected 
individuals in 2010 and a projected rise to 430 million by 

2045.(1) Preventing type 2 diabetes mellitus (T2DM) is 
a multifaceted challenge, but evidence indicates that it's 
achievable through lifestyle changes and identifying high-
risk individuals.(2) While metformin, liraglutide, and 
sulfonylureas are effective in treating T2DM, they can 
cause gastrointestinal side effects.(3) These side effects 
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can be particularly problematic for patients, leading to 
discomfort and potentially impacting treatment adherence. 
However, recent advances in transdermal drug delivery 
systems for metformin may help alleviate these side effects.
(4) Additionally, it's important for physicians to be aware 
of rare side effects such as liver injury associated with 
liraglutide.(5) Therefore, research scientists are actively 
racing to develop more efficacious diabetes treatments with 
fewer side effects.
	 Medicinal plants, especially, offer a wealth of natural 
antioxidants and bioactive phytochemicals, making them a 
promising substitute for synthetic medications.(6) Natural 
therapies have proven effective to manage diabetes with 
several studies indicating the potential of certain herbs in this 
regard.(7) Around 400 species of plant products (including 
seed, peel, root, fruit, bulb, flower) have been recognized 
for their antidiabetic properties, such as Aloe barbadensis, 
Cinnamomum zeylanicum, Scoparia dulcis, Vinca rosea, 
etc.(8,9) The active compounds in these plants, including 
phenolic compounds, flavonoids, terpenoids, and coumarins, 
have been discovered to lower blood glucose levels.(10) One 
of the traditional plants known for its effects in preventing 
diabetes is Citrus sinensis (L.) Osbeck (sunkist orange) 
peel. Previous studies indicate that C. sinensis peel extract 
exhibits several pharmacological effects.(11,12) C. sinensis 
peel contains secondary metabolites include flavonoids, 
saponins, citronella, and steroids.(13) Futhermore, extracts 
from various citrus fruit peels, such as orange, lime, and 
sour orange, also have shown antihyperglycemic effects in 
animal models.(14)
	 Advancements in pharmacy science and technology 
have led to develop nanoparticle as a  system to delivery 
the drug, which are considered the most promising due to 
their adjustable size and adaptable basic properties such 
as solubility, diffusivity, and absorption. Nanoparticles 
have shown significant potential in drug delivery systems, 
as evidenced by their applications in various fields, 
including education and daily life.(15) Nanoparticles 
present a promising drug delivery system as they can be 
tailored in size and properties, providing benefits such as 
enhanced solubility, reduced drug doses, and improved 
absorption.(15) They are applicable across various routes 
of administration and for a wide range of treatments, 
including cancer, diabetes, and infections.(16) Controlled 
drug delivery using nanoparticles can also enhance 
therapeutic control and patient compliance.(17) Although 
the previous studies have shown that C. sinensis peel 
has antidiabetic potential, however the mechanism and 
pharmaceutical dosage forms in the treatment of diabetes 

Methods

Preparation of Determination of Formula for GNSP 
C. sinensis (L.) Osbeck (sunkist oranges), which was 
originally from Berastagi, was purchased from a market in 
Medan, North Sumatra, and were carefully selected for their 
freshness and quality. The C. sinensis peels were dried in a 
shaded room with natural air circulation and then crushed. 
Subsequently, 250 g of C. sinensis peel powder was soaked 
in 5 L of ethanol (EMSURE® ACS Merck, Darmstadt, 
Germany) for 72 hours. Then, the extract was filtered with 
filter paper and stored at 4°C.(20) Fifty mL of C. sinensis 
peel extract was dissolved in 0.5 mL DMSO (Cat No. 
102.952; Sigma-Aldrich, St. Louis, MO, USA) and then 
mixed with 0.1% natrium triphosphate (Cat No. 7758-29-
4; Henan Honghai Chemical, Henan, China). This mixture 
was slowly added to a 0.2% chitosan solution containing 0.5 
mL Tween 80 (Cat No. 9005-65-6; Sigma-Aldrich), using 
a magnetic stirrer until all the sodium tripolyphosphate 
solution was used and a nanoparticle suspension was 
formed. The nanoparticle suspension was frozen in a 
freezer for 24 hours, then mixed with Avicel PH 101 (Cat. 
9004-34-6; DuPont Nutrition, Wilmington, DE, USA) and 
homogenized to form granules. Lactose (Cat. No. 63-42-3; 
Sigma-Aldrich) was added and homogenized. In another 
container, sodium and C. sinensis peel nanoparticles with 
a concentration of 4.8% were dissolved in 50 mL distilled 
water. The mixture was sifted using a 14-mesh sieve, and 
the granules were dried in an oven at 50°C for 14 hours. 
Afterward, sifting was performed again using a 16-mesh 

are still unclear. The potential of nanoparticles in drug 
delivery is further underscored by their capacity to improve 
solubility, absorption, and targetability.(18) Our previous 
study found the potential effect of the methanol extract of 
C. sinensis peel on diabetic rats.(12,19) The current study 
used different materials and examined different parameters 
(methanol extract vs. nanoparticle granule), which focused 
on the right dosage form to be used as an antidiabetic. This 
is crucial since the dosage form may have a huge influence 
on how the body absorbs the drug so that it can work 
optimally in the body. The quality of a drug's design and 
formulation directly affects how well the body absorbs it. 
Hence, this study was carried out to experimentally validate 
the antihyperglycemic, antihyperlipidemic, and antioxidant 
properties of Granule Nanoparticle Sunkist Peel (GNSP). 
This study might give suggestions regarding the appropriate 
pharmaceutical dosage form of GNSP for diabetes.
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sieve, and the granules were weighed and their physical 
characteristics evaluated.(21) The detailed composition of 
the formulation could be seen in Table 1. 

I II III IV

C. sinensis  peels extract 2 4 6 8

Pvp 5% 1 1 1 1

Amylum 10 10 10 10

Lactose 77 84 83 81

Distilled water 10 0 0 0

Material
Formula (%)

Table 1. The formula of GNSP.

Evaluation of GNSP
The particle size of granule nanoparticle was measured 
with Particle Size Analyzer (PSA) ANALYSETTE 22 
NanoTec (FRITSCH GmbH, Idar-Oberstein, Germany). 
During stability assessments, GNSP underwent tests for 
organoleptic properties, flow time, mass density, angle 
of repose, and determination. Organoleptic evaluation 
involved assessing the appearance, color, smell, and taste of 
the granules to ensure consistency in shape and color among 
the samples produced.(22) To ensure high-quality granules, 
the procedure involves weighing 100 grams of material and 
placing it in a closed funnel of the flow time test apparatus. 
The time was recorded when the cover was opened until 
the granules start flowing. This process was repeated three 
times. A good granule flow was indicated by no more than 
10 seconds required for 100 grams to flow.(23,24)
	 The process for obtaining high-quality granules 
involves several steps. First was the flow time test as 
mentioned earlier. Next step was the calculation of 
repose angle by passing 25 grams of granules through 
a flow properties test funnel and measuring the angle 
formed between the powder pile and the horizontal plane. 
Additionally, the flow properties were measured by 
tapping a certain amount of granules using a volumeter. 
The determination of the index was conducted by placing 
50 grams of granules in a measuring cup and recording 
the initial volume. The measuring cup was then tapped 
manually 100 times until the granule volume stabilizes. 
Granules with a firming index of less than 20% exhibit good 
flow properties.(23)

Experimental Induction of Diabetes
The induction of diabetes was performed in rats by 
administering a single intra-peritoneal injection of 125 

mg/kg alloxan (Sigma Chemical Company, St. Louis, 
MO, USA).(24) Alloxan has been widely used to induce 
experimental diabetes in animals, primarily through its 
ability to selectively destroy pancreatic β-cells with dosage 
injections 100-150mg/kg.(25) In this study, alloxan was 
chosen since it has consistent ability to induce diabetes 
in experimental animals and offers a lower risk of animal 
death.(26) Diabetes was confirmed by analyzing blood 
from the rats' tails using the glucose oxidase method with a 
glucometer, 72 hours after alloxan injection. Glucose levels 
≥200 mg/dL indicated hyperglycemia in rats that received 
alloxan. 

Animal Treatments
This study involved adult male Wistar rats, each weighing 
between 250-300 grams. The rats were housed in 
polycarbonate cages. They were provided with appropriate 
living conditions and had unlimited to access daily food or 
water. Body weights were monitored weekly using digital 
scales. The rats were allocated into 5 groups, with each 
containing 5 rats. Group 1: Normal control group; Group 
2: Diabetic rats received no treatment as diabetic control 
group; Group 3: Diabetic rats treated with 50 mg/kg BW/
day GNSP; Group 4: Diabetic rats treated with 100 mg/
kg BW/day GNSP, Group 5: Diabetic rats treated with 
200 mg/kg BW/day GNSP. All the treatments groups were 
administered with GNSP for 28 days. 
	 At the end of the study, the rats were anesthetized 
with chloroform and the blood samples were collected, 
before being euthanized. Several organs were collected 
and 10% formalin was used to preserve liver, kidney, and 
pancreas tissues. This study protocol was approved by the 
Health Research Ethics Commission of Universitas Prima 
Indonesia (No. 067/KEPK/UNPRI/XI/2023).

Measurement of Blood Glucose Levels
Blood samples were collected from all groups following 
an overnight fast using the tail prick method. A small drop 
of blood was collected from the tail tip using a sterile 
lancet and immediately applied to a glucose test strip. 
Blood glucose levels were measured using a glucometer 
(Ascensia Diabetes Care, Basel, Switzerland) according to 
the manufacturer's instructions. The glucometer utilizes a 
glucose oxidase-based electrochemical sensor to measure 
the glucose concentration in the blood sample. The results 
were displayed in milligrams per deciliter (mg/dL). 
Measurements were taken on day-0, -7, -14, and -28 to 
assess baseline glucose levels and monitor changes over 
time. 
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Particle Size of GNSP
The Polydispersity Index (PI) suggested a broad distribution 
of particle sizes in the sample, characterized by multiple 
peaks and varying particle sizes (heterogeneous). The result 
of the particle size obtained from the third quartile (%) was 
9.23 x 0.01 µm. Therefore, the nanoparticle size obtained 
from the PSA calculation was 92.3 nm (Figure 1), which 
strongly affirming the definite nano-scale of the synthesized 
material, which typically falls within the range of 1 nm to 
100 nm. 

Results

Serum HbA1c Examination
Serum samples were obtained by centrifuging blood samples 
at 4000 rpm for 10 minutes. HbA1c levels were measured 
using a Rat HbA1c Assay Kit (Cat. No. 80300; Crystal 
Chem, Elk Grove Village, IL, USA) with assay range 3.5-
13% according to the manufacturer's instructions. The 
assay utilized a colorimetric method to quantify glycated 
hemoglobin, a marker of long-term glycemic control. The 
absorbance of the samples was measured at 450 nm using a 
microplate reader. HbA1c levels were calculated based on a 
standard curve generated using a HbA1c standard provided 
in the kit. 

The Histological Examination
The organs were promptly removed, rinsed with cold normal 
saline, dried, and then weighed. Preserved tissue underwent 
dehydration, cleaning, and embedding in paraffin wax. 
Seven µm tissue sections were cut from the paraffin blocks 
and stained H&E dyes. The slides were captured at 400x 
magnification of a light microscope for histopathological 
analysis.

Particle Size (µm)

10

9

8

7

6

5

4

3

2

1

Pe
rc

en
ta

ge
 in

 th
e T

hi
rd

 Q
ua

rt
ile

 (%
)

0.01                   0.1                      1                       10                    100                   1000   Figure 1. Particle size of GNSP.

	 The flow time test of granulated GNSP revealed that 
the water flow times at F1, F2, F3, and F4 were 5.11±9.194, 
4.71±9.088, 4.71±9.432, and 3.9±8.656 seconds, 
respectively. However, the results of the flow time test met 
the requirements after three repetitions, where good granule 
flow was achieved if the time required to flow 100 grams 
is no more than 10 seconds. Additionally, the mean±SD 
values indicate that F1>F4, with values of 5.11±9.194 being 
greater than 3.9±8.656 (Table 2).
	 The angle of repose test was considered to flow well if 
they had an angle of repose between 25-45 degrees. F1 angle 
was 13.2±25.15º, F2 angle was 13.16±25.22º, F3 angle was 
13.37±26.06º, and F4 angle was 12.16±24.96º (Table 2), all 
falling within the required range. Additionally, the average 
height (h)±diameter (d) for F3 is greater than that for F4, 
with values of 3.1±13.2 and 2.83±12.16, respectively. In 
the tap index test, nanoparticles were in granule form. From 
these results, the tap index was easy to flow, the granules 
properties were very good. Based on the data, formula 
F2 has the lowest tap index (6.89%). A lower tap index 
indicated that the granule flows more easily, which means 
formula F2 had the best flow properties among the four 
formulas. Therefore, formula F2 was used in this study.

GNSP Decreased Blood Glucose Level in Dose-dependent 
Manner after Diabetic Induction
The diabetic rats with no treatment (Group 2) experienced 
diabetes which was characterized by the increasing of blood 
glucose level to 401.7±2.20 mg/dL. However, compared 
to the first day of treatment, blood glucose level decreased 
to 220±1.49 mg/dL after 28 days of treatment with GNSP 
200 mg/kg BW of rats (Group 5). A significant decrease 
in glucose levels after GNSP treatment was observed on 
day-7, followed by day-14 and -28. This indicated the 
hypoglycemic (blood sugar lowering) effect of GNSP. The 
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Table 2. Flow rate of GNSP.
Flow Rate (s) Angle of Repose (º) Index Tab

%

Formula I 5.11±9.19 13.20±25.15 8.47

Formula II 4.71±9.09 13.16±25.22 6.89

Formula III 4.71±9.43 13.37±26.06 8.55

Formula IV 3.90±8.66 12.16 ± 24.96 8.67

Standard < 10 s 20° < Ø < 40° < 20%

Mean±SD
Sample

decrease of blood glucose was in dose-dependent manner, 
and the most significant decrease could be seen in Group 5 
(Figure 2). 
	
GNSP Increased Body Weight after Diabetic Induction
The current study's findings revealed variations in weight 
among the experimental groups. Based on one way ANOVA 
analysis, there was a significant difference in body weight of 
the rats after being administered GNSP (p=0.023). Notably, 
the diabetic control group (Group 2) exhibited significant 
weight loss compared to Group 3, Group 4, and Group 5 
(p=0.023). From this study, rats in Group 2 had a weight 
loss from 255.2±2.23 to 232.33±2.01 grams. However, 
this substantial weight loss was mitigated in diabetic rats 
treated with GNSP extract. The increase in the body weight 
of the rats after the GNSP treatment was observed on day-7 
and continued to increase on day-14, -21, and -28. The rats 
gained of weight from 254.20±1.92 grams in initial week 
and increased to 271.99±2.84 grams after administered with 
200 mg/kg BW GNSP (p<0.05) (Figure 3). 

GNSP Decreased HbA1c in Dose-dependent Manner 
after Diabetic Induction
Based on the results from one-way ANOVA analysis, there 
was statistically significant difference in HbA1c levels 
between the groups after 28-day GNSP treatment (p<0.001). 
Group 2 experienced diabetes which was characterized by 
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Figure 2. Blood glucose levels  
in the treatment groups. Values 
are presented as mean±SEM 
and analyzed with one-way 
analysis of variance (ANOVA) to 
compare mean values between the 
experimental groups, followed by 
Tukey post-hoc test for detailed 
group analysis. *p<0.05 compared 
with Group 2; **p<0.01 compared 
with Group 2; ***p<0.001 
compared with Group 2. 

an increase in the percentage of HbA1c levels reaching 
7.3%Hb. However, GNSP administration showed a 
significant decrease in dose-dependent manner. The most 
significant decrease was seen in the Group 5 group, with the 
decreased of HbA1c as much as 4.2 %Hb (Figure 4).

Effect of GNSP on Organ Weight
Based on the results presented in Figure 5, one-way ANOVA 
revealed significant differences in the mean weights of the 
pancreas (p<0.001), kidney (p<0.001), and liver (p<0.001) 
after 28 days of GNSP treatment. These results illustrated the 
weights changes of the pancreas, kidneys, and liver in four 
experimental groups. The weights of organs were higher in 
treatment group with GNSP (Group 3, Group 4, and Group 
5) compared to Group 2 (p<0.05). Rats treated with GNSP 
showed increased organ weights, with pancreatic, kidney, 
and liver weight. 

Histological Results of Pancreas, Kidney, and Liver 
Microscopic analysis of kidneys from the diabetic group 
(Group 2) showed marked abnormalities in renal parenchymal 
architecture. The glomerulus showed Bowman's space 
dilation, degenerated cells and inflammation. In contrast, 
GNSP-treated diabetic rats (Group 3, Group 4, and Group 5) 
showed restoration of renal structure to a better appearance 
on histologic examination. Bowman's space dilation and 
degenerated cells were still found in each group. However, 
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one-way analysis of variance (ANOVA) to compare mean values 
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it  was  clear  that  necrotic  cells  and  degenerated cells 
decreased in all treatment groups after treatment with GNSP 
(Figure 6).

Discussion

Various medicinal plants contain natural compounds that 
can help in managing diabetes by regulating blood sugar 
levels.(27) These plants, such as bitter melon, fenugreek, 
cinnamon, and aloe vera, have shown antihyperglycemic 
effects by either increasing insulin production or reducing 
glucose absorption in the intestines. There is a growing 
interest in using these plant-based remedies for metabolic 
disorders, as they present potential benefits in diabetes 
management. Nonetheless, additional research is necessary 
to confirm their effectiveness and safety in treating diabetes. 
The peel of oranges, especially from the Sunkist variety, 

contains a range of pharmacological benefits, including 
antioxidant, anti-inflammatory, cholesterol-lowering, and 
blood sugar-regulating properties.(28)  
	 In this study, granule formulation was chosen 
because it  offers  several  advantages  compared  to  other  
dosage forms. The chosen formulation might increase 
drug solubility.(29) The granulation process allows better 
control of particle size and  flow  properties  so  that  it  
dissolves  quickly  and  increases  the body's absorption 
of the active substances of the drug.(30) Proper granule 
formulation and super disintegrant lead to superior drug 
products with improved shelf life, quicker onset of action, 
and increased therapeutic efficacy.(30,31) The flow rate of 
pharmaceutical preparations will affect the ability of drug 
delivery through tap index, flow rate, and angle of response.
(29) The evaluation of GNSP showed a high tap index, a 
high flow rate, and a good angle of repose. The angle of 
response is a parameter to evaluate the flow properties of 
a powder or grain.(32) The smaller the response angle, the 
better the flow properties. Particles with a good index tab 
will be tightly packed, reducing the risk of segregation and 
volume changes during drug storage and transportation. In 
addition, the high index tab will also optimize the capsule 
or tablet filling process so that the right amount of dosage is 
obtained in each dosage unit.
	 The results of this study confirm that GNSP has a 
significant antidiabetic effect in diabetic rats. It decreases 
blood pressure and HbA1c levels. In diabetic rats, sustained 
high blood glucose levels lead to elevated HbA1c, which is 
a key biomarker in assessing long-term glycemic control.
(33) High HbA1c is associated with several diabetes 
complications, including kidney damage.(34) GNSP 
showed a potential effect in preventing diabetes and its 
complications by lowering blood glucose and HbA1c 
levels. In terms of body weight, control rats continuously 
increased body weight, while diabetic rats decreased body 
weight from the first week after alloxan injection. This 
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condition may be due to decreased glucose metabolism and 
increased fat metabolism. GNSP showed a good increase in 
body weight of rats, especially when treated at a dose of 200 
mg/kg body weight of rats. This may be due to C. sinensis 
peel extract has the ability in improving tissue antioxidant 
status, reducing lipid peroxidation, and preventing oxidative 
damage through various antioxidant compounds such as 
flavonoids and phenolics.(35) Antioxidants from medicinal 
plants are increasingly recognized for their ability to 
counteract oxidative stress and manage complications 
associated with diabetes.(36) The study revealed a strong 
blood sugar-lowering effect of the C. sinensis peel  extracts 
with granule nanoparticle formulation on alloxan-induced 
diabetic rats, which was more pronounced than the effects 
of the extracts used individually.(37) The recovery was 
confirmed through histopathological assessment, revealing 
the restoration of pancreatic, liver, and kidney tissues. 
Pancreatic tissue repair, especially of insulin-producing 
cells, can increase insulin production and improve blood 
sugar control, while the liver is often damaged by fat 
accumulation and inflammation.(38) Liver tissue repair will 
improve liver function in regulating blood sugar levels and 
processing harmful substances.(39) Furthermore, the repair 
of kidney tissue leads to the prevention of complications 
such as diabetic nephropathy.(40) GNSP effectively shielded 
and rejuvenated these tissues, consistently demonstrating 
its antidiabetic effects throughout the study duration, 
encompassing the observation. 
	 This study marks the first documentation of the 
antidiabetic of GNSP in an alloxan-induced diabetic 
rat model, suggesting encouraging results.(23) Further 
investigations combining extracts from various parts of 
the C. sinensis plant (such as leaves, seeds, roots, pods, 
fruit, and flowers) are recommended to identify the most 
potent hypoglycemic and antioxidant combination. These 

results suggest promising prospects for developing potent 
antidiabetic drugs from GNSP for diabetes treatment and 
management. However, there is limited research on the 
antidiabetic potential of C. sinensis peel in humans, with 
most studies focusing on alloxan or streptozotocin-induced 
diabetes models. Clinical trials on GNSP in human subjects 
are needed to confirm its protective effects and determine 
appropriate dosages for humans, potentially leading to the 
development of natural antidiabetic therapies. Another 
experimental study with bigger number of samples are 
also recommended to obtain more power for the statistical 
analysis.

Conclusion

The  findings of this study indicate that GNSP administration 
effectively reduces blood glucose and HbA1c to normal 
levels compared to diabetic rats. The results also show 
that GNSP administration improve the histopathological 
condition of pancreas, liver, and kidney. Therefore, it is 
suggested that GNSP might be potential to be used as a 
traditional medicine in the treatment of diabetes and its 
complications.
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Figure 6. Histological of the kidney, pancreas and liver after 28 days of treatment with GNSP. Sections were stained with hematoxylin 
and eosin (H&E) and examined under a microscope at 400 × magnification. Yellow bar: 10 µm. Blue arrow: degenerative cell; Yellow 
arrow: necrosis; Green arrow: dilation of Bowman chamber; White arrow: Langerhans island; Black arrow: pancreatic acini; Orange arrow: 
dilation of liver sinusoids. 
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