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Introduction

ABSTRACT

Background: The cytotoxic properties of isolated natural compounds from herbal medicines
have been revealed in different cancer cell lines.

Purpose: The aim of this study was evaluating cytotoxic and apoptotic effects of Eucalyptus
camaldulensis Dehnh. leaf extract on KB human carcinoma cell line.

Materials and Method: In this experimental study, an ethyl acetate extract of dried leaves
of Eucalyptus camaldulensis was prepared and dried via a speed vacuum apparatus at 40°C.
KB cells were treated with 0, 0.25, 0.5, 0.75 and 1 mg/mL extract. Cisplatin was used as the
positive control. MTT assay and Annexin V/7-AAD staining were used to evaluate the cyto-
toxic and apoptotic effects.

Results: The ICsy values for the Eucalyptus camaldulensis extract were 0.75+0.07 mg/mL
and 0.56+0.05 mg/mL at 24 and 48 hours, respectively. Apoptosis increased after 24 hours
in a dose-dependent manner and a higher necrotic/late apoptotic population was detected
after 48 h.

Conclusion: The ethyl acetate extract of Eucalyptus camaldulensis inhibited KB cell growth
via the induction of early apoptosis and late apoptosis; therefore, it might be a potential anti-
cancer agent. The identification and purification of active components are suggested to
achieve more conclusive results.
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Center, School of Dentistry, Shiraz University of Medical Sciences, Shiraz, Iran. Tel: +98-7136263193-4
Email: jaafaril81@gmail.com

these approaches have serious side effects, including

Oral cancer is the main cause of death in patients with
head and neck cancer, and more than 90% of these ma-
lignancies are oral squamous cell carcinoma (SCC).
Some common benign oral diseases may progress and
transform into this aggressive cancer. Surgical excision
is the primary approach for treating SCC [1]. Radiother-
apy and chemotherapy are often used as adjuvant thera-
pies to increase the effectiveness of treatment [2]. All

disability from surgery, chemical and radiation-induced
toxicity, and suppression of the bone marrow. Most of
these effects are related to nonspecific cell death. More-
over, recent studies have shown that some chemothera-
peutic agents increase the likelihood of cancer metasta-
sis [3-4].

Therefore, there is a growing interest in identifying
novel anticancer compounds from natural sources.
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Many recent studies have investigated the effects of
natural and herbal substances on cancerous cells to dis-
cover alternative methods of treatment [5-7]. Plants of
the Eucalyptus (E.) genus have been explored in the
literature for their antioxidant, antiseptic, antibacterial
and anti-inflammatory therapeutic properties as well as
their potential effects on cancerous cells [6-7].

Over time, significant progress has been made in the
extraction of plant secondary metabolites. Different
extracts of E. spices are considered for their cytotoxic
effects on a variety of cell lines, such as colon cancer
[8-10]. A spray-dried water extract of E. rubosta was
reported to have a greater toxic effect on pancreatic can-
cer cells than gemcitabine, the best chemotherapeutic
agent for this type of cancer [11]. E. camaldulensis es-
sential oil was also shown to have antioxidant and anti-
cancer effects through the induction of apoptosis in a
colorectal cancer cell line [12]. Moreover, this species
showed antibacterial, antiviral, and anticancer properties
in an in vitro study [8-9, 13]. Furthermore, another
study proposed the combination of E. camaldulensis
with a low dose of cisplatin as a new therapeutic con-
cept to treat lung and breast adenocarcinoma [14]. The
cytotoxic potential of E. benthamii essential oils on sev-
eral tumor cell lines, including T-cell leukemia and the
cervix, has been demonstrated [15]. The aqueous extract
of E. citriodora reduced the number of cells in the Go/
G, phase of the cell cycle and induced apoptosis [16].

Different solvents are used in natural-product ex-
traction because solvent polarity strongly determines
which classes of secondary metabolites are recovered.
Ethyl acetate, as a medium-polarity solvent, preferen-
tially extracts mid-polar bioactive compounds such as
phenolic acids and flavonoids (especially aglycones)
and oxygenated terpenoids [17]. These compound clas-
ses are frequently associated with cytotoxic and antipro-
liferative effects and generally show good solubility in
cell culture media, improving reliability of MTT-based
cytotoxicity evaluation. Ethyl acetate fractions often
exhibit enriched total phenolic and flavonoid contents
compared with more polar aqueous fractions or non-
polar solvents, which supports its suitability for isolat-
ing mid-polar secondary metabolites [18]. In one study,
results from six different fresh extracts of E. leaves re-
vealed that all except methanolic extract, showed strong
cytotoxicity against epithelial cancer cell lines [19].

Owing to the favorable effects of various plant ex-
tracts from the E. family on different cancer cell lines,
the present study was conducted to investigate the cyto-
toxicity and apoptosis-inducing effects of E. camaldu-
lensis leaf extracts on the KB human carcinoma cell
line. This cell line is widely used as an in vitro model in
oral cancer research, yet the cytotoxic and apoptosis-
inducing effects of E. camaldulensis leaf extracts on this
cell line have not been previously reported. Therefore,
this study was designed to evaluate the cytotoxicity of
E. camaldulensis leaf extracts and to determine whether
the observed growth inhibition is mediated through
apoptosis induction in KB cells. This investigation may
provide preliminary evidence supporting the potential of
E. camaldulensis as a source of natural anticancer
agents for oral carcinoma and justify further mechanis-
tic and in vivo studies.

Materials and Method

Preparation of E. camaldulensis leaf extract

For the preparation of E. camaldulensis leaf extract,
fresh leaves of E. camaldulensis were collected from the
Shiraz Garden Research Center in the winter and vali-
dated by a pharmacognosist at Shiraz University of
Medical Science. The leaves were air-dried at room
temperature for two weeks and then powdered via a
cracking mill. Ethyl acetate was used as the solvent, and
extraction was performed using a Soxhlet apparatus for
4 hours. The extract was concentrated in a rotary evapo-
rator at 40°C. The mixture was subsequently dried in a
speed vacuum apparatus at 40°C for 6 hours. The dried
extract was stored at -20°C.

Cell Lines and Culture Medium

The KB cell line was prepared from the Pasture Institute
cell bank in Tehran, Iran. Only authenticated KB cul-
tures confirmed to be mycoplasma-free were included.

The cells were cultured in Roswell Park Memorial Insti-
tute (RPMI)-1640 supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin (Wexford,
Ireland); finally, they were cultured in a 5% CO, envi-
ronment at 37°C.

MTT cell viability assay

KB cells were cultured in 96 flat-bottom microplate
wells. Each well contained 10000 cells in 100 pL of cell
culture media and was incubated for 24 hours at 37°C
with 5% CO,. To solve the ethyl acetate extraction in
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RPMI-1640, we prepared a concentration of 3 mg/mL
with 0.2% ethanol and placed it in an ultrasonic water
bath for 15 minutes. The primary thick solution was
diluted with 10% FBS-RPMI-1640 to different concen-
trations (0.25, 0.5, 0.75 and 1 mg/mL). The cells with-
out treatment and with several concentrations (25, 50
and 100 pM) of cisplatin (Mylan Company, Greece)
were considered negative and positive controls, respec-
tively. After 24 hours of incubation, different concentra-
tions of cisplatin and E. camaldulensis extract were
added to the microplates. The cells were divided into
two groups after 24 and 48 hours of incubation (37°C,
5% CO,). Following incubation, 100 ul of 0.5 mg/ml
MTT solution was added to the wells. The plates were
incubated for 4 hours at 37°C, and the MTT solution
was completely removed. Then, 150 pL of DMSO was
added to the wells, which were incubated for 4 hours in
5% CO, at 37°C. The optical density (OD) of each well
was measured via spectrophotometry at a wavelength of
492nm. Each experiment was independently repeated
three times. The percentage of cytotoxicity was calculat-
ed with the following formula: 100-(OD of experiment-
al cells)/ (OD of negative control cells) x100. Finally,
the concentrations that inhibited the viability of 50% of
the cells (ICso) were obtained. A t test was used to com-
pare the cytotoxic effects of the extracts at various con-
centrations and for various durations of treatment.
Annexin V/7-AAD Apoptosis Assay

150000 KB cells were treated with different concentra-
tions of E. camaldulensis extract (0, 0.25, 0.5 and
1mg/mL) for 48 hours. The untreated cells (Omg/mL of
extract) were considered the negative control group.
Necrosis and apoptosis were determined with a PE An-
nexin V Apoptosis Detection Kit. According to the
manufacturer’s instructions, 2 pL of Annexin V (An.
V), and 2pL of 7-AAD (7-A) staining solution was add-
ed to each test tube containing binding buffer and cells.
After 15 minutes of incubation in the dark, the cells
were analyzed via a flow cytometer (BD FACSCalibur
(USA)) and then analyzed via FlowJo software. Viable
cells were An. V- and 7-A-negative; the cells in early a-
poptosis were An. V positive and 7-A negative; the cells
in late apoptosis were both An. V and 7-A positive; and
the necrotic cells were An. V negative and 7-A positive.

Results
The MTT cell viability assay revealed the cytotoxic

effects of different concentrations of E. camaldulensis
extract, and the results are shown in Figure 1. The ICs
values for the E. camaldulensis extract were 0.75+.07
and 0.56+.05 mg/mL at 24 and 48 hours, respectively,
and the 1Cs, values for cisplatin were 18.1 and 8.7ug/
mL at 24 and 48 hours, respectively. Both agents inhib-
ited cell growth in a time- and dose-dependent manner.
Student’s T- test revealed a significant difference in the
cytotoxic effects of the extract after 24- and 48-hour
treatments compared with those of the untreated cells at
all concentrations (p= 0.01) and between the 24-hour-
treated cells and the 48-hour-old cells at the 1C50 con-
centrations (p=0.02).

The cytotoxicity increased from 6.7% to 90.9% at
24 h and from 8.1% to 91.7% at 48 h, while the concen-
tration increased from 0.25 to 1 mg/mL (Figure 1A).
The cytotoxicity of cisplatin increased from 3.8% to
75.2% at 24 hours and from 35.7% to 91.5% at 48 hours
as the concentration increased from 7.5 to 30ug/mL
(Figure 1B). The results of Ann. V/7-A staining of cells
treated with E. camaldulensis extract for 24 hours is
shown in Figures 2A and 3A.

The percentage of early apoptotic cells increased
from 12.8% to 24.1% within 24 h, while the concentra-
tion increased from 0.25mg/mL to 1mg/mL

The highest rate of late apoptosis/secondary necrosis
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Figure 1: A: Cytotoxic effects of E. camaldulensis extract on
KB cells after 24 and 48 hours, B: Cytotoxic effects of Cispla-
tin on KB cells after 24 and 48 hours
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Figure 2: Results of apoptosis assay in KB cells treated by E.
camaldulensis extract, a: after 24 hours, b: after 48 hours

was found with the 1 mg/mL extract after 24 h (1.6%).
The results of An. V/7-A staining of the E. camaldulen-
sis extract after 48 hours are presented in Figures 2B
and 3B. At higher concentrations, a marked shift toward
the An. V+/7-AAD+ quadrant was observed, indicating
enhanced late apoptosis/secondary necrosis, while the
An. V-/7-AAD+ population (primary necrosis) re-
mained comparatively lower. The percentage of early
apoptotic cells decreased from 8.6% to 4.6% at 48 h,
while the concentration increased from 0.25 mg/mL to 1
mg/mL. The highest rate of late apoptosis/secondary
necrosis was associated with the 1 mg/ml extract after
48 hours (8.26%).

Discussion

Chemotherapy drugs have cytotoxic effects on normal
cells that lead to systemic problems and drug resistance
in cancer patients [20]. Currently, many natural prod-
ucts and phytochemicals have attracted the attention of
researchers for drug development against cancer. This
study focused on the cytotoxic effects of ethyl acetate
extraction from E. camaldulensis leaves on the KB cell
line and its ability to induce apoptosis after 24 and 48
hours of treatment. One study revealed that different
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Figure 3: a: 24-hour, b: 48 hour- Annexin V/7AAd assay: A,
apoptosis and necrosis in untreated KB cells; B, in 0.25
mg/mL; C, in 0.5mg/mL, D, in 1 mg/mL concentrations of E.
camaldulensis extract

extracts of E.leaf had cytotoxic effects on different cell
lines. Among them, the ethyl acetate extract showed the
greatest cytotoxic effect [19]. Therefore, ethyl acetate
was used for this study.

According to the results of the MTT cytotoxicity as-
say, the E. extract suppressed KB cell growth in a dose-
and time-dependent manner, although this inhibition
was not as potent because this extract was composed of
several compounds. Some major compounds in E. ex-
tracts are 1-8 cineole, polyphenols, terpinen 4-OL, tan-
nins, etc. 1-8 cineole, which is known as eucalyptol,
suppresses Survivin and S-phase and activates the psg
protein. Furthermore, it increases apoptosis by increas-
ing the levels of poly (ADP-ribose) polymerase (PARP)
and caspase-3 [21-22]. This natural product has been
shown to have anticancer effects via its ability to inhibit
proliferation and reduce B-catenin expression in head
and neck SCC cells [22]. Some polyphenols have anti-
cancer effects through the regulation of signaling path-
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ways, such as mitogen-activated protein kinase
(MAPK), nuclear factor KB, and activator protein-1
[23-24]. Another study reported that E. globulus essen-
tial oil exhibited cytotoxic effects on colon and liver cell
lines only at high doses [25].

The results showed that after 24 h, the E. leaf extract
induced apoptosis without any significant necrosis. Af-
ter 48 hours, an increase in late apoptosis was observed.
There is a balance between cell proliferation and cell
death, which leads to apoptosis in damaged cells. Apop-
tosis is a type of planned cell death that plays an im-
portant role in physiological cell growth and hemostasis.
Inadequate apoptosis plays a basic role in tumor pro-
gression [26]. One of the most important features of
malignancy is low rates of apoptosis. Anticancer agents
exert their growth inhibitory effects through two mech-
anisms: increasing apoptosis and necrosis and reducing
cell proliferation. The regulation of apoptosis is one of
the main goals of anticancer drug development [27].

In one study, E. camaldulensis essential oil induced
apoptosis through significant upregulation and down-
regulation of BAX and BCL-2 expression, respectively
[12]. According to the study of the HepG2 cell line by
Shen et al. [16], the aqueous extract of E. reduced the
speed of the cell cycle in the Gy/G; stage and induced
apoptosis. Moreover, Falih et al. [28] demonstrated that
E. oil significantly induced the caspase 9-dependent
pathway, as well as the caspase 8-dependent pathway, to
a lesser extent.

After 24 h, the E. extract induced early apoptosis
with less late apoptosis/ secondary necrosis. However,
after 48 hours, more late apoptosis/ necrosis was in-
duced. The necrosis mechanism causes immunologic
cells to enter the tumor site and enhances the effects of
chemotherapy drugs. The inflammatory response may
damage tissues; induce the release of mitogens and cy-
tokines; and increase cell growth, proliferation and me-
tastasis [29].

Like E. camaldulensis extract, many chemothera-
peutic drugs that are routinely used in head and neck
cancer treatment, such as cisplatin, Taxol and fluoroura-
cil, induce both necrosis and apoptosis [30]. Low con-
centrations of cisplatin help induce apoptosis via cell
shrinkage and condensation and fragmentation of nucle-
ar chromatin. Necrosis induction occurs at high concen-
trations of cisplatin via cytosolic swelling and damage

to the plasma membrane [31-32]. Taxol is another
chemotherapeutic drug that keeps cells in the G, phase
of mitosis, inhibits proliferation, and induces apoptosis.
At high concentrations, the drug increases the polymeri-
zation of microtubules and bundle formation, which
prevents the cell from entering the S phase and induces
necrosis [33]. In this study, the higher necrotic fraction
observed at 48 h, may reflect progression from early
apoptosis to late apoptosis/secondary necrosis, which is
commonly reported following prolonged exposure or
higher intracellular stress, particularly when apoptotic
bodies are not cleared in vitro.

Conclusion

The results of the present study showed that the ethyl
acetate extract of E. camaldulensis increased cell cyto-
toxicity in the KB cell line via the induction of both
early and late apoptosis. The results of this study were
in line with those of previous studies on the effects of E.
extract on several cancer cell lines. Furthermore, identi-
fying the active component of the ethyl acetate extract
of E. camaldulensis and investigating its effects on ani-
mal models of SCC may be considerable.
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