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Abstract—Cyclophosphamide is one of the potential 
immunosuppressive agents with high efficacy in low doses which 
has a toxic effect on the liver due to its reactive metabolites. 
Sunkist (Citrus sinensis L. Osbeck) peel is a potential natural 
source that can neutralize liver toxicity from these agents due to 
the several phytochemicals content. This study was designed to 
explore the liver protective effect of Sunkist (Citrus sinensis L. 
Osbeck) peels against cyclophosphamide. In the experiment, 
about 15 male Wistar rats grouped into five groups: normal, 
control, Sunkist-I, Sunkist-II, and Sunkist-III were included. 
The dose of cyclophosphamide was 200 mg/kg BW; while the 
dose of Sunkist Ethanol Extract ranged from 200-800 mg/kg 
BW. Evaluation of the protective effect was carried out using 
histopathological features as parameters. The experimental 
results showed that moderate degree of necrosis was found in 
the control group while the normal group did not show any 
pathological changes. On the other hand, an increase in the 
ethanolic extract of the Sunkist peel showed recovery of necrosis 
in central venous congestion. Overall, the ethanolic extract of 
Sunkist peels showed an improvement in histology of liver tissue 
against cyclophosphamide. 

Keywords—Sunkist peels, cyclophosphamide, liver, necrosis, 
congestion 

I. INTRODUCTION  

Cyclophosphamide, as oxazaphosphorine, is an alkylating 
agent with a bis(chloroethyl)amine-containing structure. 
Based on their structure, alkylating agents are divided into 
several types, including Bis(chloroethyl)amine, Nitrosoureas, 
Aziridines, and alkyl sulfonates. Cyclophosphamide is also a 
prodrug administered orally or intravenously [1, 2]. 

Cyclophosphamide is a potent immunosuppressive agent 
with high efficacy in low doses. Therefore, it is widely used 
to treat severe diseases such as Systemic Lupus Erythematous 
(SLE) comorbid nephritis, severe rheumatoid arthritis, 
Wegner's granulomatosis, and multiple sclerosis [3]. Apart 
from being immunosuppressive, this agent also acts as a 
cytotoxic drug for breast cancer, ovarian cancer, non-
Hodgkin's lymphoma, chronic lymphoid leukemia, soft tissue 
sarcoma, neuroblastoma, Wilm's tumor, and 
rhabdomyosarcoma [1]. 

Besides being useful, this agent also has some side effects 
such as fertility, bladder cancer, acute myeloid leukemia, 
pancytopenia, nausea, alopecia, allergic reactions, damage to 
ovaries, and testicular tissue. Nausea and vomiting are 
indicated for acute toxicity; whereas pancytopenia, bleeding, 
cystitis, and alopecia indicate chronic toxicity [1, 3]. In 
addition, this agent also has toxicity to liver tissue. 
Hepatotoxicity is caused by the induction of oxidative stress 
by cyclophosphamide metabolites such as acrolein which is a 
highly reactive metabolite of cyclophosphamide [4]. 

Based on WHO data, there were around 8.8 million deaths 
in 2015 with lung cancer as the main type of cancer. Several 
treatments have been applied, including chemotherapy but 
most have dangerous side effects. Due to the high mortality 
rate from cancer, cyclophosphamide is the drug of choice 
because of its high efficacy in low doses. However, the side 
effects of the drug should be considered, especially on the 
liver. Therefore, finding natural sources that can reduce the 
risk of side effects is an effective solution [5, 6]. 

As one of the natural products, Citrus cinensis have many 
health benefits such as anti-cancer, anti-microbial, anti-
oxidant, anti-ulcer, anti-inflammatory, hypolipidemic and as 
hepatoprotective [7]. Some studies have been performed to 
investigate the antioxidant activity. Mutia (2019) reported that 
Sunkist peels could improve the histology structure of liver 
tissue in paracetamol-induced male Wistar rats [8], and Mutia 
and Chiuman (2020) also reported that the Sunkist peels could 
reduce the ALT and AST level in paracetamol-induced male 
Wistar rat [9]. Another study performed by Kosashi et al. 
(2019) reported that the Sunkist peel could improve liver 
injury in Isoniazid and Rifampicin-induced male Wistar rats 
[10], and Nasution al. (2020) also reported that Sunkist peels 
extract can protect the kidney of male Wistar rats against the 
gentamicin toxicity [11].  It due to Sunkist peels has some 
phytochemicals like alkaloid, flavonoid, tannin, saponin, and 
steroid that can scavenge nitric oxide and anti-lipid 
peroxidation [8–11]. 

Previous studies have explored the antioxidant activity of 
Sunkist peels extract on liver and kidney tissue against the 
toxicity of paracetamol, rifampin, and gentamicin. The sunkist 
peels was a household waste product that turns out to have 
various health benefits. However, none of these studies 
explored the antioxidant activity of Sunkist peels extract to 
liver tissue against cyclophosphamide toxicity. Based on this 
information, it can be hypothesized that Sunkist peels extract 
has a liver protective effect against cyclophosphamide due to 
the antioxidant effect of Sunkist peels extract which can 
neutralize the toxicity of cyclophosphamide metabolites. 
Therefore, this study was designed to explore the hepatic 
protective effect of Sunkist peels against cyclophosphamide 
toxicity. 

II. METHODS 

A. Study Design 

In this research, an experimental study with a post-only 
group control design was applied and the experiment protocol 
has been approved by Komisi Etik Penelitian Kesehatan 
(KEPK) of Prima Indonesia University with number of 
006/KEPK/UNPRI/IV/2019. This study was performed at 
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Pharmacology Laboratory, Faculty of Medicine, Universitas 
Prima Indonesia in Mei-July 2019.  

B. Materials 

Several materials included in the experiment were Sunkist, 
ethanol 96%, distilled water, 10% of formaldehyde (Merck), 
Cyclophosphamide (Cyclovid), Carboxymethyl Cellulose 
Sodium, Sodium Chloride 0.9% (Otsuka), Alcohol 100%, 
xylene, paraffin, and HE stains.     

C. Identification and Extraction of Sunkist Peels 

For identification and extraction, the Sunkist was obtained 
from Pancur Batu District, Medan City, North Sumatera. The 
Sunkist was identified in the Herbarium Medanense FMIPA 
USU. Firstly, the Sunkist was washed, dried, and meshed into 
fine particles called simplicia powder. The simplicia powder 
was macerated into 96% ethanol as the solvent for five days 
and stirred gradually. It was filtered, and the residue was re-
macerated in the same way for two days. All filtrate was 
collected and evaporated by a rotary evaporator at 40oC [12]. 

D. Formulation of Oral Suspension 

Sunkist ethanol extract was prepared as sample, 
Carboxymethyl Cellulose Sodium as carrier, and 
cyclophosphamide solution was prepared for formulation of 
oral suspension. Sodium Carboxymethyl Cellulose was 
prepared by mixing 0.5 grams of Sodium Carboxymethyl 
Cellulose powder into 10 ml of warm distilled water; After 15 
minutes, 100 ml of water was added to the mixture using a 
volume flask. Hereinafter, this mixture was used to form an 
oral suspension. Sunkist peels ethanol extract of 200 mg, 600 
mg, and 800 mg were mixed into 10 ml of 0.5% sodium 
carboxymethyl cellulose suspension to form a suspension 
concentration of 200 mg/10 ml, 600 mg/10 ml, and 800 mg/10 
ml, respectively. Finally, a solution of cyclophosphamide was 
made by dissolving 200 mg into 10 ml of 0.9% sodium 
chloride [13]. 

E. Intervention 

The protection effect for the liver was evaluated using rats 
(Rattus norvegicus) as the animal trial. Fifteen rats were 
collected from the Pharmacy Biology Laboratory of Pharmacy 
Faculty, Universitas Sumatera Utara that have been 
acclimatized yet. The number of animals trial in this study was 
followed the previous study that has been performed by Mutia 
et al [8]. The Male Wistar rats in this study aged around three 
months and have weights ranged between 180-220 grams. 
Furthermore, all rats were divided into five treatment groups, 
as shown in Table I.  

TABLE I.  THE GROUP OF TREATMENT  

Group Treatment 
Normal Feed suspension of 0.5% Carboxymethyl Cellulose 

Sodium once a day for 17 days. 
Control  Amount of 2.5 ml/kg b. w cyclophosphamide solution 

was injected intraperitoneal once a day for five weeks 
via intra-peritoneal. 

Ethanol 
Extract of 
Sunkist-I 

Amount of 10 ml/kg b. w concentration of 200 mg/10ml  
extract suspension once a day for 17 days (after 
injection of cyclophosphamide solution once the day in 
the preceding five weeks) 

Ethanol 
Extract of 
Sunkist-II 

Amount of 10 ml/kg b. w of 400 mg/10ml  extract 
suspension once a day for 17 days (after injection of 
cyclophosphamide solution once the day in the 
preceding five weeks) 

Ethanol 
Extract of 
Sunkist-III 

Amount of 10 ml/kg b. w of 800 mg/10ml  extract 
suspension once a day for 17 days (after injection of 
cyclophosphamide solution once the day in the 
preceding five weeks) 

 

All rats were able to freely obtain food and drink freely 
during the intervention. At the end of the evaluation (day 18), 
all rats were sacrificed by inhalation of chloroform. During 
surgery, the rats were sliced vertically on the abdomen, and 
the liver was dissected. The texture and color of the liver tissue 
were observed and then rinsed with 0.9% sodium chloride. 
After that, the liver tissue was fixed to 10% formaldehyde [8, 
9]. 

Furthermore, the liver tissue was dehydrated using various 
alcohol concentrations, including 70%, 80%, 90%, and 95% 
for 24 hours each concentration and followed by 100% 
alcohol for an hour repeated three times. Then, the liver tissue 
was washed with xylene for 3 hours and repeated three times. 
At last, the liver tissue was dissected into the slices of tissue 
with 4-6 microns in thickness by infiltrating the liver tissue 
into the paraffin. The slice was placed into the object-glass and 
stained using Haematoxylin-Eosin (HE). This procedure of 
preparing tissue for histology study was based on the 
Pathologic Laboratory of Medicine Faculty, University of 
North Sumatera. Three pathology changes were evaluated 
from the histology study of the liver tissue. These were 
congestion of the terminal vein, necrosis, and hemorrhage 
which were express as semi-quantitaive scale viz. (-)= none, 
(+) = mild, (++) = Modearte, and (+++) = Severe [8]. 

III. RESULTS 

A. Histology Study 

Based on observations of the dissected rat liver, it showed 
improvement in the tissue histology architecture of the 
treatment group receiving Sunkist ethanol extract as shown in 
Table II. 

TABLE II.  THE PATHOLOGY CHANGES OF LIVER TISSUE EACH 
GROUP OF TREATMENT 

Group 

Pathology Change 
Congestion 
of terminal 

vein 
Necrosis Hemorrhage 

Normal - - - 
Control  - ++ - 
Ethanol Extract of Sunkist-I ++ - - 
Ethanol Extract of Sunkist-II - + - 
Ethanol Extract of Sunkist-III - - - 

 

Based on the Table I, there are milder pathology changes 
found in the group of treatment that received ethanol extract 
of Sunkist. However, there was only found congestion of 
terminal vein in the histology view in the lower dosage. It was 
the opposite of the pathology changes found in the normal 
group included necrosis. Meanwhile, the group of highest 
dosage of ethanol extract of Sunkist showed no pathology 
changes that were similar to the negative group. Furthermore, 
the following figure shows the microscopic view of each 
treatment group. 
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Based on the Fig. 1, the most severe pathology change was 
observed in the control group. Meanwhile, the normal group 
showed no pathology change. On the other hand, the rats that 
were received ethanol extract of Sunkist showed an 
improvement that was followed by the increase of the ethanol 
extract of Sunkist dosage. These improvement showed as the 
recovery of necrosis in congestion of central vein in Sunkist 
peel ethanol extract groups. Necrosis area was marked by 
black dotted line box, meanwhile the congestion of central 
vein was marked by asterix sign. 

IV. DISCUSSIONS 

The findings on the experimental results have answered 
the purpose of this study whether the highest dose of sunkist 
peels extract did not show any pathological changes, the same 
as the normal group. Lower doses show some pathological 
changes such as congestion and necrosis. 

When an injurious stimulation stimulates the cellular 
derangements, it will cause a reversible cell injury and return 
to normal cell structure when the injurious stimulus is 
excluded. However, either persistent or excessive injury may 
lead to irreversible cell injury, and it may be ended by cell 
death or necrosis. Reversible cell injury shows cellular 
swelling or fatty change. Meanwhile, the irreversible cell 
injury will show as a necrosis area [14].         

Necrosis is a form of cell death characterized by a loss of 
membrane integrity and cellular contents leakage, 
progressively leading to cell breakdown. Necrosis is caused 
primarily by the degradative action of enzymes on lethally 
injured cells. The leaked cellular contents often cause an 
inflammatory response in the local host, which attempts to 
remove the dead cells and begin the repair process. The 
enzymes responsible for cell digestion may be come from the 
dying cells' lysosomes, as well as the lysosomes of leukocytes 
recruited as part of the inflammatory response to the dead 
cells. 

Changes in the cytoplasm and nuclei of damaged cells 
characterize necrosis. Cytoplasmic changes show as an 
increase of eosinophilia color of cytoplasmic ad nuclear 
changes was shown to break down DNA and chromatin. This 

breakdown will show as karyolysis, pykonis, or karyorrhexis 
[15,16]. 

An injurious stimulus that may cause cell injury is oxygen 
deprivation, chemical agents, infectious agents, immunologic 
reactions, genetic factors, nutritional imbalance, physical 
agent, and aging. Chemical agents, for example, change 
membrane permeability, osmotic homeostasis, or the integrity 
of an enzyme or cofactor, causing significant damage at the 
cellular level. Many therapeutic drugs can cause cell or tissue 
injury in suspectable patients or if used excessively or 
inappropriately. 

As one of the therapeutic drugs, cyclophosphamide is a 
prodrug that is highly absorbed in the gastrointestinal tract 
(essentially 100% bioavabality); it undergoes metabolic 
activation in the liver via CYP2B6 and chronic use auto-
induces metabolic activation. The CYP2E1 is another enzyme 
that catalyzes the biotransformation of cyclophosphamide and 
is involved in the induction of other types of cancers. Hence, 
cyclophosphamide as the prodrug is active by the liver 
microsomal enzyme. The cytochrome P450 catalyzes the 
conversion of cyclophosphamide into the active form call as 
4-Hydroxyclophosphamide interconverted in the reversible 
reaction with aldophosphamide is delivered over the body. 
The aldophosphamide is undergone cleavage spontaneously 
into cytotoxic forms in the affected site, including acrolein and 
phosphoramide mustard. The liver protects the body against 
the cytotoxic form by the enzymatic formation of the active 
form into inactive form metabolite before it becomes the 
cytotoxic form as shown in the following figure [1, 4, 17]. 

The presence of flavonoids in the ethanolic extract of 
sunkist peels showed a liver protective effect against 
cyclophosphamide. In addition to flavonoids, other 
phytochemicals such as alkaloids, flavonoids, tannins, 
saponins, and steroids were also found in the ethanol extract 
of sunkist peel. Mustard phosphoramide has an antineoplastic 
effect between the cytotoxic forms of cyclophosphamide, and 
acrolein is associated with its toxic side effects. Flavonoids are 
phenolic compounds that play a role in the detoxification of 
acrolein and other ROS that are formed during injury or liver 
damage [4, 18, 19].  

 
Fig. 1. Microscopy view of Liver Histology. Stain: Haematoxylin-Eosin (HE). Medium Magnification. (a) Normal; (b) Contol; (c) Ethanol Extract of 
Sunkist with a dose of 200 mg/kg; (d) Ethanol Extract of Sunkist with a dose of 400 mg/kg (e) Ethanol Extract of Sunkist with a dose of 800 mg/kg 

(a) (b) (c) 

  

(d) (e) 
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At the lower dosage of extract, histology view showed an 
obvious congestion of central vein and at the higher dosage 
there was a necrosis. This condition was due to the toxic 
metabolism from cyclophosphamide (acrolein) which were 
heve been neuterilized by various phytochemicals like 
flavonoid from Sunkist peels. The toxic metabolism of 
cyclophosphamide acts as an injurious stimulation which lead 
to cellular derangements, moreover this condition can ended 
as an resolution to normal cells or as a necrosis condition. At 
the moderate dosage, the cellular derangements ended as 
necrosis. Meanwhile at the lowest dosage, congestion of vein 
indicates the presence of more severe condition in the other 
lobules. Furthermore, the highest dosage of Sunkist peels 
extract showed no pathology changes in the liver section. 

Several studies explore the liver protection effect of Citrus 
sinensis L. Osbeck against various agents. However, these 
studies have not explore the hepatotoxicity effect of 
cyclophosphamide. Mutia and Chiuman (2019) and Mutia 
(2019) reported that the Citrus sinensis L. Osbeck has a liver 
protection effect against paracetamol in the male Wistar rats. 
It was indicated by the improvement of pathology change of 
liver tissue and decrease of liver enzyme. Moreover, Kosasih 
et al. (2019) also reported a similar result that the Citrus 
sinensis L. Osbeck also showed liver protection effect against 
the combination of isoniazid-rifampicin [8–10]. Although, 
there is no liver protection study against Cyclophosphamide 
by Citrus sinensis. However, a study explores the protection 
effect against Citrus sinensis against mutagenic toxicity of 
cyclophosphamide. This study reported that 5. 10, and 15 
µg/ml of sweet orange effectively prevented or minimized the 
mutagenic effect of cyclophosphamide in the human 
peripheral lymphocytes [20].      

V. CONCLUSION 

The experimental results showed that a moderate degree 
of necrosis was found in the control group while the normal 
group did not show any pathological changes. The highest 
dose group of Sunkist ethanol extract did not show similar 
pathological changes to the negative group. Rats given 
Sunkist ethanol extract showed improvement followed by 

increasing the dose of Sunkist ethanol extract. This 
improvement was demonstrated by the recovery of necrosis in 
central venous congestion in the Sunkist peels ethanol extract 
group. The presence of flavonoids in the ethanolic extract of 
sunkist peels showed a liver protective effect against 
cyclophosphamide. Overall, the ethanolic extract of sunkist 
peels showed an improvement in histology of liver tissue 
against cyclophosphamide due to the presence of flavonoids 
and other phenolic compounds. 
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