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Introduction
Cancer is characterized by abnormal and uncontrolled 
cell growth through developmental stages such as 
invasion, metastasis, and pre-cancerous lesions (Singh 
et al., 2021). Oral squamous cell carcinoma (OSCC) 
is one of the most common cancers in the world, 
both in developed and developing countries (Suresh 
et al., 2019), especially in Southeast Asia (Gracia et 
al., 2018). OSCC is the most prevalent kind of head 
and neck cancer, accounting for approximately 90% 
of all oral cavity malignancies (Singh et al., 2021), 
with a death rate of 500,000 per year and is predicted 
to increase to 62% by 2035 (Tołoczko-Iwaniuk et al., 
2020). The 5-year survival rate only occurs around 
60%–80% if OSCC disease can be detected in the early 
stages of the disease (Yakob et al., 2014). OSCC often 
affects cats, with an incidence of about 70%–80% of 
oral neoplasms. OSCC cases were 594, including 

526 mixed breeds (90%), and 61 purebred cats (10%) 
(Zaccone et al., 2022).
OSCC originates from epithelial tissue that can infiltrate 
through the bloodstream and lymphatics, then spread 
throughout the body (Warshawsky and Killblane, 
2005). OSCC locations are on the tongue (ventral and 
lateral), lips, the floor of the mouth, buccal mucosa, and 
retromolar (King and Robins, 2006). The development 
of OSCC occurs due to changes in gene expression that 
are influenced by specific genetics (Khan et al., 2016), 
chronic inflammation, viral infections, sun exposure, 
radiation, phenols, malnutrition, and anemia, as well 
as tobacco and alcohol consumption (Suresh et al., 
2019). The risk factors for OSCC in cats and dogs are 
the same as in humans: exposure to cigarette smoke 
and the papilloma virus (Rathore et al., 2014). In cats, 
also a result of wearing flea collars and vulnerability to 
oral carcinogens during treatment and consumption of 
canned cat food (Zaccone et al., 2022).
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Background: Oral squamous cell carcinoma (OSCC) is a malignant tumor that can rapidly infiltrate the oral epithelial 
tissue and cause high mortality worldwide because the available therapies are less effective. Chrysanthemum 
cinerariifolium leaf contains secondary metabolites as anti-inflammatory, antioxidant, anticancer, and antimutagenic. 
Aims: The study aimed to analyze the ethanolic extract of C. cinerariifolium leaf in reducing proliferation (Ki-67) and 
the degree of dysplasia in OSCC rats. 
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with a Ki-67 monoclonal antibody. The statistical analysis utilizes the one-way analysis of variance test. 
Results: The results showed that T1 at a dose of 200 mg/kg bw could significantly reduce Ki-67 expression and the 
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Diagnosis of OSCC disease can use Ki-67. Ki-67 is a 
nuclear protein that indicates active cell proliferation 
(Takkem et al., 2018) in the G1, S, G2, and M cycles 
(Yulianti and Hernowo, 2015). OSCC therapy will be 
effective if the disease is detected in the early phase 
(Chen et al., 2020). OSCC treatment uses a combination 
of surgery and chemotherapy (Magnano et al., 2021); 
however, OSCC has a low response to chemotherapy 
and most anticancer drugs. Chemotherapy not only 
destroys cancer cells but also attacks non-cancerous 
cells. It has several side effects, including hair loss, 
nausea and vomiting, canker sores, sleep disturbances, 
and weight gain (Hamdy and Halim, 2019). Therefore, 
to overcome this problem, it is necessary to develop 
new strategies to treat OSCC, such as using traditional 
plants, considered safer because of common side effects, 
easy to obtain, and inexpensive (Ningsih, 2016). 
One of the plants that have medicinal properties is 
Chrysanthemum cinerariifolium (Setiawati, 2019). 
This plant has antibacterial, anti-inflammatory, 
allergic, anticancer, antigenotoxic, and antimutagenic 
effects (Shahrajabian et al., 2019). Chrysanthemum 
cinerariifolium contains quercetin (Pires et al., 2013) 
which has the potential as an anticancer through the 
induction of the P21 gene with the mechanism of 
inhibiting the cell cycle and reducing the Rb gene (tumor 
Suppressor gene), which inhibits the cell cycle in the 
G1/S phase through E2F inhibition (gene transcription 
factor) (Scheff et al., 2017). Chrysanthemum 
cinerariifolium leaf extract contains flavonoids that 
induce apoptosis through irreversible DNA damage 

(Lour and Meiyanto, 2007). This study used the protein 
marker Ki-67 and histopathology of oral epithelium. 
Increased Ki-67 Expression is followed by the severity 
of oral epithelial dysplasia (OED) (Takkem et al., 
2018). Therefore, this study aimed to analyze the effect 
of ethanol extract from C. cinerariifolium leaves on KI-
67 expression and degree of dysplasia in the OSCC rat 
model.

Material and Methods
Experimental design
This research is quantitative with a true experimental 
post-test-only control group design. This study used 
male Sprague Dawley rats weighing 150–180 g and 
2–3 months old. This study was divided into five 
groups, namely positive control [7,12-dimethylbenz(a)
anthracene (DMBA) induced but not given therapy], 
negative control (healthy, not induced by DMBA and 
C. cinerariifolium extract), and treatment groups T1, 
T2, and T3, namely the group with DMBA induction 
and were given C. cinerariifolium leaf extract at doses 
of 50, 100, and 200 mg/kg bw. 
Making of OSCC model animal 
 Rats were acclimatized for seven days at a temperature 
of 28°C–32°C. Rats were further induced by DMBA 
(0.5%) (Sigma-Aldrich®, St. Louis, MO) which was 
dissolved in acetone, and injected 0.1 ml/100-g bw 

on the lateral side of the tongue for 5 weeks (days 
1–35) and observed for pre-malignant signs or clinical 
symptoms of OSCC (Zhang et al., 2017). The rats 
were then orally given C. cinerariifolium leaf extract 
for 2 weeks (14 days). Rats were euthanized on the 
50th day by cervical dislocation, and the tongue 
was taken for histopathological preparations and 
immunohistochemical testing. The tongue and the 
buccal mucosa are the most common sites for OSCC 
(Pires et al., 2013).
Preparation of extract of C. cinerariifolium leaves
Chrysanthemum cinerariifolium (Trev.) Vis leaves 
were collected at Punten Village, Batu city, East Java 
district, Indonesia. Plant determination was carried 
out at UPT Materia Medica, Batu City. According 
to statement number 074/093A/102.7/2020, the 
white chrysanthemum used in this study was C. 
cinerariifolium (Trevir.) Vis.
Chrysanthemum cinerariifolium leaf extract was 
prepared using the ultrasound-assisted extraction 
method. The leaves are cleaned and washed, then 
dried in the sun. The leaf powder (50 g) was put in an 
Erlenmeyer glass, and 96% ethanol solvent (500 ml) 
was added at a ratio of 1:10, followed by a 2-minute 
extraction with three repetitions. The filtration products 
were then evaporated using a rotary evaporator and 
an oven at 40°C until the extract's texture became 
concentrated. About 17.7 g of extract was collected. 
Experimentally, the extract was dissolved in Na-CMC.
Histopathology 
The tongue organ was taken by cutting the base of 
the tongue and fixed in 10% formalin solution, then 
dehydrated, paraffin-embedded, and hematoxylin-eosin 
stained. The degree of keratinization was measured 
by observing 20 fields of view and 400× microscope 
magnification. The epithelium was observed in each area 
of view to determine the degree of dysplasia (Takkem 
et al., 2018). Evaluation OED was classified into mild, 
moderate, and severe, while OSCC was graded based 
on moderate or poor differentiation (Mohan et al., 
2016). Histological changes of potentially malignant 
oral lesions (usual leukoplakia) are only about 50% 
of the lesions that show dysplasia, the rest show non-
hyperplasia and hyperkeratosis (Speight, 2007). Mild 
dysplasia (the changes as mentioned earlier were 
restricted to the lower third of the epithelium basal 
and parabasal layers), moderate dysplasia (changes 
are reaching two-thirds of the epithelium in the middle 
layer of the squamous layer), and severe dysplasia 
(tissue and cytologic changes located outside two-
thirds of the epithelium) (Ribeiro et al., 2015).
Immunohistochemistry for Ki-67
The tongue was fixed with 10% formalin buffer, 
and then paraffin blocks were made. The tissue was 
immersed in alcohol, xylol, and ethanol. The slides 
were washed with water and put into a solution of 
H2O2 in 0.5% methanol (100 ml Methanol + 1.6 ml 
H2O2) for 20 minutes. The slides were immersed in 
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a diva solution, heated in a decloaking chamber at a 
temperature of 95°C for 60 minutes, cooled at room 
temperature for 20–30 minutes, and immersed in 
phosphate-buffered saline (PBS) for 2–5 minutes. Rat 
monoclonal primary antibody Ki-67 (6G6) (Bioss, 
USA) was dripped, incubated for 90 minutes, and 
washed with PBS for 3–5 minutes. After washing, the 
slides were leaked with secondary antibody biotinylated 
goat anti-mouse IgG (no. B0529; Sigma). The slides 
were dripped with TREKAVIDIN-HRP. The last slide 
was dripped with 3,3' diaminobenzidine chromogen. 
Immunohistochemical staining was quantified using 
ImageJ software (Kačarević et al. 2017). The presence 
of brownish spots was indicated as a Ki-67 expression.
Data analysis
The Ki-67 expression data were analyzed using the 
one-way analysis of variance parametric statistical test 
for numerical data. In contrast, the degree of dysplasia 
was analyzed using the non-parametric chi-square test 
because the data were ordinal with a 5% confidence 
level—data analysis using the Statistical Program 
Service Solution version 26 program. 
Ethical approval
This research has been approved by the Health Research 
Ethics Commission, Faculty of medicine and health 
sciences, UIN Maulana Malik Ibrahim Malang, with 
letter number 001/EC/KEPK-FKIK/2021.

Results
The results showed that DMBA-induced rats in the 
positive control group and all treatments (T1, T2, and 
T3) experienced weight loss in the second week after 
DMBA induction, then increased weight. All treatment 
groups, T1, T2, and T3, showed an increase in body 
weight after administration of C. cinerariifolium leaf 
extract at the end of the seventh week of the study. Mice 
induced by DMBA developed clinical signs of OSCC, 
such as leukoplakia (white plaque) and elevation of the 
rat tongue mucosa. The plaque has a rough texture and 
a clear border (unpublished data).
Histopathological image 
Histopathologically described the rat tongue epithelium 
in the positive control group (C+) showed that the cells 
had dysplasia. Cells appear irregular stratification and 
loss of basal cell polarity, and there are variations in cell 
size and nucleus size. Cells and nuclei in the granulosum 
layer also undergo variations in shape, and there is a 
hyperchromatic nucleus. The ratio between the nucleus 
and the cytoplasm also increases. The epithelial change 
of the tongue toward dysplasia is about two-thirds the 
thickness of the epithelium (Fig. 1). 
In group (C-), the epithelium of the rat’s tongue had a 
normal histopathological appearance. There appeared 
to be a regular epithelial stratification among the cells, 
with healthy cell turnover in each layer. The base 
layer consists of hyperchromatic nuclei, while the 
spinosum layer is composed of irregular polygonal 
cells. Granulosa has oval-shaped cells. Nucleus 

and cell organelles vanish, followed by a transition 
to the corneum layer, demonstrating keratinization 
development (Fig. 2). 
The histopathology of the tongue epithelium of rats in 
the T1 group revealed dysplastic cells. Cell form and 
size variations (anisocytosis and pleomorphism) and 
irregular epithelial stratification due to nuclear shape 
and size differences. The ratio of nuclei to cytoplasm 
rises, and hyperchromatic nuclei are visible. Cell 
changes affect two-thirds of the thickness of the rat 
tongue epithelium. Therefore, this is classified as mild 
dysplasia (Fig. 3). 
The histopathological appearance of the rat tongue 
epithelium in the T2 group showed irregular stratified 
cells. In the basal and parabasal layers, upwards to 
one-third of the thickness of the epithelium reveals 
differences in the form and size of cells and nuclei. 
Hyperchromatic nuclei were found in the epithelium’s 
basal and parabasal layers, which do not extend beyond 
the lowest one-third. The layers of spinosum and 
granulosum had no dysplastic cells (Fig. 4).
The histopathological appearance of the rat tongue 
epithelium in the T3 group was close to that of normal 
epithelium. It is characterized by regular stratification 
cells. Variations in the shape and size of the nucleus are 
slight. Hyperchromatic nuclei are found in the basal and 
parabasal layers. Irregular polygonal cell shapes in the 
spinosum layer and oval cell shapes in the granulosum 
layer were also seen in this group (Fig. 5). 
The effect of the administration of C. chrysanthemum 
leaf extract on the grade of dysplasia in DMBA-
induced rats based on the Kruskal–Wallis test showed 
a significant difference between the treatment groups 
(p < 0.05). The Post Hoc Mann–Whitney analysis 
results showed significant differences between all 
treatment groups. 

Fig. 1. Histopathological description of the rat tongue 
epithelium in the positive control group (C+), microscope 
at ×400. (a) Hyperchromatic nucleus; (b) the size of the 
nucleus increases so that the ratio between the nucleus and 
the cytoplasm increases.
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Effect of C. cinerariifolium leaves extract on Ki-67 
Ki-67 is a biological marker for cancer risk (Hutagalung 
et al., 2014), cancer grading, and prognostic evaluation 
(Takkem et al., 2018). The results showed that the 
expression of Ki-67 in the positive control (56.75 ± 1.79) 
was significantly higher than in the negative control 
(9.65 ± 0.81) and in all treatment groups (T1, T2, and 
T3) significantly. The expression of Ki-67 in treatment 
T1 (45.125 ± 3.66) was significantly higher than in T2 
(25.025 ± 3.18) and T3 (16.4 ± 1.92). The higher the 
extract dose, the lower the Ki-67 expression (Fig. 6). 

Discussion
DMBA effect
This study used the carcinogenic DMBA to induce 
the OSCC animal model. Domestic animal OSCC 
resembles human OSCC in many aspects (Sharma 
et al., 2021), such as etiopathogenesis, molecular 
markers, tumor biology, clinical symptoms, treatment, 
and prognosis so that the inducer or cell culture used 
may be the same (Rathore et al., 2014). DMBA is a 
model oral carcinogen because neoplastic alterations 
are morphologically and histologically similar to those 
found in human oral carcinoma (Ribeiro et al., 2015). 
The induction of DMBA causes the body to produce free 
radicals causing damage to DNA, cell membranes, and 
proteins and dysregulation of anti-apoptotic mediators 
(Barroso et al., 2017). DMBA also causes keratinocyte 
cells to undergo genetic changes, resulting in changes 
in cell cycle development, DNA repair mechanisms, 
and apoptosis (Chen et al., 2020).
On the basis of clinical examination, DMBA-induced 
rats in the positive control and treatment groups (T1, 
T2, and T3) exhibited symptoms of OSCC on the 
tongue in the form of white plaques or elevations 

(leukoplakia). The clinical manifestations of OSCC 
originate from leukoplakia cells (pre-malignant cells). 
According to Takkem et al. (2018), OSCC symptoms 
include ulcers with broken or elevated borders, 
lumps, reddish lesions (erythroplakia), white lesions 
(leukoplakia), or a combination of both lesions (Rivera 
and Venegas, 2014). Moreover, lesions may be non-
healing extraction sockets or swollen cervical lymph 
nodes (Markopoulos, 2012).
Multiple illnesses and symptoms in OSCC are due to 
genetic mutations. The early stage is undetectable and 
painless, then pain with a burning sensation develops, 
and finally, neoplasia. (Yakob et al., 2014). According 
to Dost et al. (2014), OSCC is typically preceded by 
OED, which consists of tissue and cellular alterations 
consistent with carcinoma but limited to the surface 
epithelium (OED).

Fig. 2. Histopathologically described the rat tongue epithelium 
in the negative control group (C-), microscope at ×400. (a) 
basal layer with a hyperchromatic nucleus and basophilic 
cytoplasm; (b) spinosum layer with cells of irregular polygonal 
shape; (c) cells in the granulosum layer with oval cell shape; d. 
the layer of corneum filled with keratin.

Fig. 3. Histopathological description of the rat tongue 
epithelium in the T1 group, microscope at ×400. (a) the ratio 
between the nucleus and the cytoplasm increases, with a 
hyperchromatic nucleus; (b) the shape of the nucleus showing 
anisonucleus.

Fig. 4. Histopathological description of the rat tongue 
epithelium in the T2 group, microscope at ×400. (a) Variations 
in cell shape with hyperchromatic nuclei.
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In this study, the injection of DMBA into the rats’ 
tongues had the painful consequence of lowering 
their appetite, which could lead to weight loss during 
the second week. However, the rats’ body weight 
increased between the third and fifth weeks. DMBA 
caused weight loss in rats during the second week after 
induction. DMBA in the body induce pro-inflammatory 
NF-κβ, resulting in the production of macrophages. 
Activated macrophages generate pro-inflammatory 
cytokines, including tumor necrosis factor-alfa (TNF-α) 
(Wang et al., 2014). In the last week of the research, 
the administration of C. cinerariifolium leaf extract did 
not significantly affect weight growth; nevertheless, the 
T3 groups tended to raise more weight than the other 

groups (unpublished data). Zhang et al. (2017) stated 
that the quercetin content, which is also present in C. 
cinerariifolium extract, has no impact on weight gain 
despite its potential as an OSCC chemopreventive 
agent.
Histopathological features of OSCC 
Based histopathologically, OED showed dysplastic 
oral mucosal tissue (Dost et al., 2014). OSCC is 
a type of malignant neoplasm that arises in the 
stratified squamous epithelium of the oral mucosa 
(Rivera and Venegas, 2014). The formation of OSCC 
begins with epithelial dysplasia, marked by changes 
in the proliferation of dysplastic squamous cells on 
the epithelial surface area and basement membrane 
degradation. Through the islets and cords of epithelial 
cells, basement membrane degradation promotes local 
injury and metastatic invasion of cells into tissues 
(Fuentes et al., 2012; Rivera and Venegas, 2014). 
Dysplasia demonstrates a transition from stratified 
squamous epithelium to malignant epithelium, marked 
by cellular atypia and loss of cell differentiation 
and stratification. (Takkem et al., 2018). The long-
term accumulation of carcinogens causes dysplasia. 
Increased dysplasia exacerbates epithelium severity 
(Mohan et al., 2016). The presence of pleomorphism, 
or variations in the shape and size of cells, and an 
increase in the ratio of the nucleus to the cytoplasm, 
or a disproportional and larger nucleus, are further 
hallmarks of dysplasia. In normal cells, the ratio 
between the nucleus and cytoplasm is 1:4 or 1:6; 
however, in dysplastic cells, the ratio is close to 1: 1. 
The nucleus develops hyperchromatic due to its high 
DNA content, resulting in darker staining (Speight, 
2007).
Histopathological analysis of group C+ oral 
epithelium revealed dysplasia, characterized by 
irregular stratification of the oral epithelium due to 
changes in cell shape and nucleus size. There are also 
hyperchromatic nuclei in all layers except the basal 
layer. The rat tongue epithelium had moderate dysplasia 
in the positive control group. According to Nandini and 
Subramanyam (2011), in the carcinoma group, most of 
the nuclei were oval, only a few were indistinguishable, 
and irregular nuclei. The results of this study follow 
previous research by Zhang et al. (2017), which proves 
that DMBA induction can trigger epithelial dysplasia 
and even cause OSCC with many times and long 
DMBA exposure, but in this study, only once and 
short time application. Chemical carcinogens affect 
the mouth’s epithelial lining and the epithelial lining 
of the excretory ducts of the salivary glands. Salivary 
tract epithelial dysplasia can lead to the potential for 
malignant transformation (Mohan et al., 2016). 
 Histopathological examination of the group (C-) 
revealed no abnormalities in the stratified or basal 
epithelium. This group did not observe OED because 
they were not triggered by DMBA. Normal oral 

Fig. 5. Histopathological appearance of the rat tongue 
epithelium in group T3, microscope at ×400. (a) irregular 
polygonal cell shape in the spinosum layer; (b) oval cell 
shape in the granulosum layer.

Fig. 6. Effect of the extract of leaves of C. cinerariifolium 
on Ki-67 expression based on notation. The study results are 
presented as mean and standard deviation (SD). NS notation 
(not significant) indicates p > 0.05, notation * indicates 
p = 0.05, notation ** indicates p = 0.01, notation *** indicates 
p = 0.001, notation **** indicates p = 0.0001.
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epithelium consists of a basal layer of cuboidal or 
prismatic epithelial cells with hyperchromatic nuclei 
and basophilic cytoplasm. There are several cells 
with irregular polygonal shapes in the spinosum layer. 
The granulosum layer contains oval-shaped cells. 
The further above granulosum layer, nucleus is lost, 
and the layer becomes flatter. The outermost layer is 
the corneum layer, which contains no nucleus and is 
composed of keratin.
The T1 group had dysplastic alterations in the 
epithelium of the rat tongue as the (C+) group. This 
group exhibited mild dysplasia limited to one-third of 
the epithelium (basal and parabasal layers). According 
to Speight (2007), moderate dysplasia (grade II) is 
characterized by abnormal cell proliferation extending 
to the middle third of the epithelium, more severe 
cytological alterations than mild dysplasia, and the 
presence of hyperchromatic cells and prominent nuclei. 
Loss of basal polarity can be observed near the base of 
the epithelium, indicating tissue alterations.
The administration of C. cinerariifolium leaf extract at a 
dose of 50 mg/kg bw (T1 groups) was not optimum for 
reducing the severity of OED. A dose of 100 mg/kg bw 
(T2 groups) reduces the degree of dysplasia but is not 
the same as the negative control group. The results of 
this study contradict those of Ribeiro et al. (2015). They 
found that administration of hydroalcoholic extract of 
red propolis (HERP) at doses of 50 and 100 mg/kg bw 
for 20 weeks inhibited 40% of OSCC growth, promoted 
a 3-week delay in clinical tumor development, and 
found no epithelial dysplasia. HERP contains flavonoid 
formononetin, also found in Chrysanthemum, and 
functions as an anticancer by inhibiting cancer cell 
growth and apoptosis via induction of the caspase 
pathway; decreasing anti-apoptotic proteins bcl-2 and 
bcl-x; and stimulating cell cycle arrest at the G0/G1 
phase.
The T2 group showed cell improvement toward mild 
dysplasia. According to Speight (2007), mild dysplasia 
(grade I) indicates proliferation or hyperplasia of basal 
and parabasal layer cells that do not extend beyond the 
lower third of the epithelium, pleomorphism in cells or 
nuclei, and minimum tissue changes.
In several visual fields, cells in the T3 group had 
decreased dysplasia, and their condition was similar 
to that of the negative control group. This suggests 
that C. cinerariifolium leaf extract at a concentration 
of 200 mg/kg bw can effectively lower the degree of 
dysplasia in the oral epithelium. Differences in the 
terpenoid and flavonoid content of extract and the 
degree of dysplasia between the treatment groups were 
reasonably considerable. Other studies have shown that 
terpineol component in the extract has an anticancer 
effect by inhibiting the signaling of the transcription 
factor NF-kB in tumor cells, hence decreasing gene 
expression in malignancies (Hassan et al., 2010). 
Terpenoids also function as anticancer agents in human 
oral cancer cell lines by inducing cell cycle arrest and 

death in OSCC cells via caspase cascade (Kim et al., 
2022). In the extract of C. cinerariifolium leaf, there 
is also the flavonoid kaempferitin, which can boost 
the production of the p53 oncogene protein, hence 
promoting an increase in apoptosis (Siddiqui et al., 
2020). The process of inhibiting the production of 
oncogene proteins and enhancing the expression 
of tumor suppressor genes can stop aberrant cell 
proliferation and lower the severity of dysplasia. 
According to Mutiah et al. (2020), 96% ethanolic 
extract of C. cinerariifolium (Trev.) leaf based on in 
silico analysis contains glutamic acid in hydrogen 
bonds, which inhibits tumor development by blocking 
angiogenesis.
Effect of chrysanthemum leaf extract on Ki-67 
expression 
Indicators of cell proliferation, such as Ki-67, play a 
significant part in the biological markers of neoplasms, 
as they indicate the existence of hyperactive epithelial 
cells. In addition to OSCC, breast, lung, prostate, 
cervical, and nerve tissue cancers also utilize KI-67 for 
prognostic purposes (Takkem et al., 2018). The results 
demonstrated that the Ki-67 expression in the C+ group 
(71.6) was substantially greater than in the C- group 
(70.4). Ki-67 expression was localized in the basal 
layers of the negative control. In contrast, Ki-67 in both 
the positive control and dosage treatment (OED) was 
seen in the basal, suprabasal, and spinous layers (Rivera 
and Venegas, 2014; Takkem et al., 2018). Based on the 
non-parametric Kruskal–Wallis test, the expression of 
ki-67 in T1 (59.15) was greater than in T2 (38.83) and 
T3 (27.73) groups when C. cinerariifolium leaf extract 
was administered to the OSCC model. These findings 
suggest that the extract can inhibit the expression of cell 
growth as measured by the Ki-67 indicator. Leaf extract 
of C. cinerariifolium contains terpenoids and flavonoids, 
which inhibit inflammation and cancer cell proliferation 
(Zhang et al., 2017). This research was supported by 
Chodidjah et al. (2013), demonstrating that flavonoids 
can decrease tyrosine kinase signal pathway levels to 
suppress cell proliferation. Frequently, these signaling 
pathways change in cancer cells to confer a selective 
advantage. Reduced cell proliferation was associated 
with decreased expression of Ki-67, enhanced cell 
death, and reduced inflammation (Takkem et al., 2018). 
Based on the results of previous studies by the authors, 
the ethanol extract of C. cinerariifolium leaves used 
in the test UPLC-QToF-MS/MS indicates the active 
ingredients are genistein and N - [(5-Chloro-1,2,3-
thiadiazol-4-yl) methyl] -1- (2-isopropyl-4 -methyl-
1,3-thiazol-5-yl) -N-methyl ethanolamine; dan D - (-) 
- Morphine (Listiyana et al., 2019). The results of the 
phytochemical screening of C. cinerariifolium leaf 
extract by thin layer chromatography method, after 
sprayed under white light with a wavelength of 341–
389 nm, showed a yellow color indicating flavonol 
group compounds and red color exhibiting terpenoid 
group compounds (Mutiah et al., 2020). 

http://www.openveterinaryjournal.com


http://www.openveterinaryjournal.com
A. Listiyana et al. Open Veterinary Journal, (2023), Vol. 13(1): 99–107

105

Morphine acts directly on the central nervous system 
to relieve pain and on peripheral tissues to control 
complications in breast cancer (Gach et al., 2011). 
Flavonoids act as an anticancer by modulating reactive 
oxygen species (ROS)-scavenging enzyme, stopping 
the cell cycle, inducing apoptosis and autophagy, and 
suppressing the proliferation and invasion of cancer 
cells to the next stage of malignancy (Kopustinskiene 
et al., 2020). Genistein acts as a chemotherapeutic drug 
against various cancer types by modifying (apoptosis, 
cell cycle, and angiogenesis) and preventing metastasis. 
Potential synergistic therapy exists between genistein 
and anticancer medications such as adriamycin, 
docetaxel, and tamoxifen (Spagnuolo et al., 2015). 
Inflammatory cells trigger cancer cell proliferation, 
survival rate, and metastasis. In oral cancer and the 
saliva of individuals with pre-neoplastic oral lesions, 
inflammatory mediators such as interleukin (IL)-6, 
IL-8, and TNF-α are enhanced. Increased TNF-α in 
the tumor’s microenvironment promotes invasion 
and shorter survival (Goertzen et al., 2018). TNF-α is 
cytotoxic to tumor cells, inhibits tumor development, 
and triggers necrosis, angiogenesis, proliferation, 
migration, and survival of most cancer cells (Deepthi 
et al., 2019). Previous research has demonstrated that 
50–200 mg/kg of C. cinerariifolium leaf extract can 
inhibit TNF-α expression (Aishaqeena et al., 2021). 
Chrysanthemum cinerariifolium suppresses cancer 
cell growth and invasion, modifies ROS enzymes, and 
promotes apoptosis and autophagy (Gorlach et al., 
2015), improving OSCC conditions. In a recent study, the 
leaf extract of C. cinerariifolium (Trev.) was discovered 
to lower the number of macrophages in a mouse model 
of OSCC (unpublished data). Flavonoids and their 
derivatives, specifically luteoin, can suppress NF-κβ 
signals that contribute to inflammation, decreasing 
TNF-α levels and macrophage cells (Salminen et al., 
2008).
In rats with OSCC, administration of C. cinerariifolium 
leaf extract at a concentration of 200 mg/kg bw (T1 
groups) reduced the expression of Ki-67, resulting in a 
decrease in dysplasia similar to normal circumstances. 
The higher the amount of the extract administered to 
the OSCC rat model, the more significant the reduction 
in inflammation and proliferation, which resulted in the 
regeneration of the oral epithelium.

Conclusion
Chrysanthemum cinerariifolium leaf extract in a dose 
of 200 mg/kg bw has the potency to be used as a 
therapeutic for oral squamous cell cancer by lowering 
the proliferation and degree of dysplasia of the oral 
epithelium.
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