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Abstract 

Background:  In order to improve cancer patients’ chances of survival, scientists have prioritized finding alternatives 
to chemotherapy, focusing their efforts on natural sources. The current study investigates the anti-cancer action of 
retinoic acid and Eucalyptus oil in esophageal cancer and studies their combined effect as well as the cellular path‑
ways that each trigger as part of ongoing research in this field. As a model of esophageal cancer, the SK-GT-4 cancer 
cell line was treated with a series of concentrations of both materials.

Results:  The concentrations of Eucalyptus oil (10, 100, 1000, and 1500 g/mL) and Retinoic acid (5, 100, 150, and 
200 M/mL) were used for treatment of cells. The MTT test was used to assess the anti-cancer activity of Eucalyptus oil 
and Retinoic acid, and qPCR was used to determine cellular pathways. Our findings show that both Eucalyptus oil and 
Retinoic acid inhibit cancer cell growth significantly. Our findings revealed that the IC50 values for eucalyptus oil were 
63 g/mL and 111.3 M l/mL for retinoic acid. Furthermore, the impact was at the level that causes apoptosis. The find‑
ings suggested that any herbal substance could act as an inducer of the caspase-9-dependent pathway. The caspase-
8-dependent pathway, on the other hand, was restricted to retinoic acid.

Conclusion:  Our research discovered that the two chemicals worked together to create a synergistic effect. This 
synergistic effect could be attributed to a close connection between external and internal apoptotic pathways, which 
inhibits SK-GT-4 cell growth.
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Background
Despite the fact that cancer research has been ongoing 
for a long time, it remains one of the world’s most seri-
ous diseases. Chemotherapy has long been the treat-
ment of choice for cancer [1, 2]. Chemotherapy drugs 
are currently available in fifty different formulations to 
treat more than 200 different cancers. Chemotherapy has 
a number of drawbacks, the most serious of which is its 
impact on healthy cells [3, 4]. Natural plant compounds 
have been widely used in pharmaceuticals for many 
years, and they have aided in the development of mod-
ern treatments [5]. These natural compounds have served 
as models for drug design, synthesis, and semi-syntheses 
[6].

There are over 200,000 known plant natural product 
structures. The majority of plant-based drug research has 
resulted in the development of anti-cancer drugs. Natural 
plant products are classified chemically into four groups 
based on their metabolic origin: alkaloids, phenylpro-
panoids, polyketides, and terpenoids [5]. Essential oils 
(EOs) and other phytoproducts are natural products that 
have gained popularity due to their chemical and biologi-
cal properties. Eucalyptus, a species of tree belonging to 
the Eucalyptus genus, which contains over 800 species 
worldwide [7], is one of the plants with the most diverse 

natural products. One of the most commonly used essen-
tial oils in aromatherapy is eucalyptus. These oils have 
been shown to effectively treat a wide range of diseases. 
Anti-inflammatory, antiulcer, antidiabetic, antinocic-
eptive, antipyretic, anti-diarrheal, antibacterial, and anti-
fungal properties are evaluated [8, 9].

Furthermore, previous research has focused on the 
anti-cancer properties of Eucalyptus spp. essential 
oils, such as Eucalyptus torelliana, Eucalyptus cama-
ldulensis, Eucalyptus Bentham, Eucalyptus globulus, 
Eucalyptus torquata, Eucalyptus sideroxylon, and Euca-
lyptus benthamii [10–12]. Retinoic acid (RA) is an active 
metabolite of vitamin A [13], a fat-soluble vitamin found 
in leafy greens, spinach, carrots, and yellow and orange 
fruits [14, 15]. It is found in plant-derived foods such 
as leafy greens, spinach, carrots, and yellow and orange 
fruits. Retinoic acid, which is required for cell growth 
and differentiation [14], has a variety of effects, includ-
ing regulating embryonic development and generating 
differentiation, proliferation, Apoptosis, and resistance 
in cancer cells, among other things. Retinoids have been 
shown to have significant anti-cancer activity through 
non-genomic pathways (via extranuclear and non-tran-
scriptional effects) in addition to their typical genomic 
action (binding to nuclear receptors and regulating the 
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expression of downstream target genes) [13]. Previous 
research has shown that RA can help prevent various 
types of cancer, including breast, ovary, prostate, bladder, 
skin, and oral cavity cancers.

However, RA is not a particularly effective cancer treat-
ment [16]. With the recent shift toward synergistic can-
cer treatment, combination therapy has become more 
widely used. This is due in part to the obvious benefit of 
attacking the disease from multiple angles, and research 
has recently focused on synergistic cancer treatment. 
Despite the fact that numerous effective combination-
therapy therapies have been developed over the last few 
decades, these studies have yielded positive results [17–
20]. Given the continued high number of cancer-related 
fatalities each year, there is an ongoing need to develop 
effective anti-cancer therapeutic regimens. Because cur-
rently available anti-cancer chemo-drugs do not tar-
get specific cancers and cause a variety of side effects 
and issues in the clinical management of many different 
types of cancer [21], there is an urgent need for innova-
tive, effective, and nontoxic natural chemicals that are 
nontoxic and do not cause side effects [22, 23]. Although 
previous research indicates that Eucalyptus spp. and RA 
have anti-cancer properties, the underlying combination 
effect, particularly between Eucalyptus polybractea and 
RA, is unknown. The purpose of this research was to see 
if E. polybractea essential oil has anti-cancer properties.

Furthermore, no previous research has evaluated the 
combined effect of RA and E. polybractea essential oil as 
an anti-cancer agent, to our knowledge. In the current 
study, SK-GT-4, a human esophageal cancer cell line, was 
used, and a mixture of two natural chemicals of botani-
cal origin was used to learn about their role in inhibiting 
malignant cells. Furthermore, their molecular mecha-
nisms in cancer cells were studied.

Materials and methods
Maintenance and proliferation of cell cultures
The SK-GT-4 cancer cell line was provided by the IRAQ 
Biotech Cell Bank Unit in Basrah, Iraq. After reaching 
confluence, the cells were maintained in RPMI-1640 sup-
plemented with 10% Fetal bovine, 100 units/mL penicil-
lin, and 100  g/mL streptomycin. In brief, after wishing 
cell culture once with two milliliters of Trypsin-versene 
solution, cells were detached from flask with two milli-
liters of Trypsin-versene solution, and suspended cells 
with RMPI 1640 medium supplemented with 10% (v/v) 
fetal bovine serum (FBS), 100 U/mL penicillin, and 100 g/
mL streptomycin were seeded in a 25-cm flask at 37. The 
suspension cells were divided into two halves for prolif-
eration cells, which were then reseeded in a fresh flask in 
5  mL RPMI-1640 supplemented with 10% Fetal bovine 
serum and incubated at 37 °C and 5% Co2 for 24 h. When 

the cell culture reached 50% confluence, this procedure 
was repeated twice a week [24].

Cytotoxicity assays
The cytotoxicity of eucalyptus oil and retinoic acid 
on the SK-GT-4 cell was assessed using the MTT 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide) assay. After trypsinization, cells were sus-
pended in complete RMPI 1640 medium in a 25-cm flask, 
then seeded at 1*10 cell/100 μL per well in a 96 well plate 
and incubated at 37  °C in a Co2 atmosphere for 24  h. 
Cells were treated with four different concentrations of 
pure Eucalyptus oil derived from Eucalyptus polybractea 
(purchased from Felton Grimwarde and Bosisto’s (FGB), 
Pty Ltd 61 Clarinda Rd, Oakleigh Sth, Vic 3167) (10, 100, 
1000, and 1500 g/mL) and four different concentrations 
of Retinoic acid (purchased from Sigma Aldrich) (5, 100, 
150, and 200 µM/mL). Untreated cells that received only 
0.1% dimethyl sulfoxide (DMSO) medium and serum-
free medium served as vehicle and negative control 
groups, respectively. The MTT assay was used to deter-
mine cell viability after 72 h of exploration. As a result, an 
MTT solution (10 l MTT (5 mg/mL) and 90 l serum-free 
media) was added to each well. The precipitates were dis-
solved in 100 L of DMSO after a 2-h incubation period. 
A microplate reader was used to measure absorbance 
at 620 nm [25]. The values displayed are the means and 
standard deviations of three independent experiments 
performed in triplicate. The viability rate of cells was esti-
mated using the following equation:

The proliferation rate (PR) is calculated as 
(PR) = B/A * 100, where A is the mean optical density 
of untreated wells, B is the optical density of treated 
wells, and the inhibition rate (IR) is calculated as 
(IR) = 100 − PR [26].

Inhibition concentration that kills 50% (IC50) of cells
The IC50 values of Eucalyptus oil and Retinoic acid were 
calculated using the GraphPad Prism 8 program soft-
ware. The SK-GT-4 cell line’s IC50 was calculated using 
three replicates of inhibition for each concentration.

The combined effect of eucalyptus oil and retinoic acid
The results were also examined using Compusyn soft-
ware version 1 [27]. Cells were given three concentrations 
of eucalyptus oil (10, 100, and 1000  g/mL) and retinoic 
acid (5, 100, and 200  M/mL). Cells that had not been 
treated served as a control group. In a humidification 
incubator, treated and untreated cells were incubated for 
72 h at 37  °C with 5% Co2. The MTT assay was used to 
calculate the rate of inhibition after exposure.
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Cell morphology study
After the cell culture formed a confluent monolayer, cells 
seeded on coverslips (7  ×  105 cells/cover) inside plate 
6 were exposed to the IC50 concentrations of Eu and 
RA. The other coverslips, on the other hand, were left 
untreated as a control. The plate was then covered with 
adhesive paper and incubated for 24 and 72  h at 37  °C 
in a humidified atmosphere of 5% Co2. Each treated and 
untreated coverslip has two replicates in the assay. After 
24  h of treatment, a duplicate of each treated coverslip 
was stained in acridine orange/ethidium bromide AO/EB 
and immediately examined by fluorescence microscopy 
[28]. Simultaneously, the other treated and untreated 
caps were stained with hematoxylin and eosin dye after 
72  h and examined under a light microscope to assess 
morphological changes.

Gene expression of Caspase 8 and 9 genes of SK‑GT‑4 cells 
lines treated with eucalyptus essential oil and retinoic acid
The suspension cells, after trypsinization, were seeded 
in 24 well plates 7  ×  105, then incubated at 37c with 
atmosphere 5% Co2. After gaining a monolayer, every 
three wells of plate treated with a concentration of IC50 
of essential oil and Retinoic acid, respectively, and three 

other left as untreated wells which served as the con-
trol group. Then, the plate is incubated at 73c and under 
a humidified atmosphere of 5% Co2 for 24  h. After the 
trypsinization process, the RNA was extracted with kits. 
The RNA extracted from cells according to the GEBEzol™ 
TriRNA Pure Kit steps transformed to cDNA according 
to the steps of BIONEER AccuPower® RocKetScript™ 
RT PreMix. Then, the genes required to determine the 
amount of their gene expression were amplified. And use 
the Hmn rRNA 18  s as a reference gene. The following 
table (Table  1) represents the sequences of the primers 
used.

The statistical analyses
Gene expression data were analyzed using SPSS software, 
and variance was analyzed according to the ANOVA test.

Results
Cytotoxicity assays of eucalyptus and retinoic acid 
in SK‑GT‑4 cell line
MTT colorimetry was used to assess the effect of Euca-
lyptus oil and Retinoic acid on the SK-GT-4 cell line in 
the study. The cytotoxic effect of Eucalyptus oil and 
Retinoic acid on the viability of the SK-GT-4 cell line 
was demonstrated by this assay. After 72  h, data from 
the MTT assay revealed that Eucalyptus oil and Reti-
noic acid inhibit the proliferation of SK-GT-4 cells. 
The effect of eucalyptus oil was dose-dependent, so the 
impact increased as concentrations increased (Fig.  1A). 
The value of viability for a low concentration of Eucalyp-
tus oil (10 g/mL) is 78%, while the values for other con-
centrations (100, 1000, and 1500 g/mL) are (32, 26, and 
24) %, respectively. The current study confirms that the 
inhibition concentration (IC50) of Eucalyptus oil is 63 g/
mL. Furthermore, the effect of Retinoic acid increased 

Table 1  Sequences of primers of the studied genes (caspase-8, 
caspase-9, and Hmn rRNA 18S)

Genes Primers Base pairs

Caspase-8 5′-CAT​CCA​GTC​ACT​TTG​CCA​GA-3′ (FWD)
5′-GCA​TCT​GTT​TCC​CCA​TGT​TT-3′ (REV)

128

Caspase-9 5′-GTT​TGA​GGA​CCT​TCG​ACC​AGCT-3′ (FWD)
5′-CAA​CGT​ACC​AGG​AGC​CAC​TCTT-3′ (REV)

129

Hmn Rrna 18S 5′-ATC​TGT​CAA​TCC​TGT​CCG​TGT-3′ (FWD)
5′-GGA​GTA​TGG​TTG​CAA​AGC​TGA-3′ (REV)
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Fig. 1  Effect of both substances on the viability of Esophagus cancer cell line SK-GT-4 after 72 h of treatment (n = 3) A treatment with eucalyptus 
oil and B treatment with retinoic acid
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in a direct proportion to its concentration (Fig.  1B). As 
a result, the viability of a low concentration of Retinoic 
acid (5 M/mL) is 93%. In comparison, the viability value 
of concentrations (100 and 150) M/mL is (66.3 and 44.3) 
%, respectively, while the high value of viability was 29.7% 
with a concentration of 200  M/mL Retinoic acid. The 
current study confirms that the inhibition concentration 
that kills 50% of the bacteria (IC50) is 111.3 M/mL.

The combined effect of eucalyptus oil and retinoic acid
The result of the compusyn Isobologram software show-
ing combination index CI data for three concentrations 
of both EU and RA after a 72-h exposure period, CI data 
indicate a synergistic effect between EU and RA in the 
lowest concentration due to CI 1, while the two other 
concentrations have antagonism effect due to CI > 1 
(Table 2 and Fig. 2).

Cell morphology study
The morphological changes analysis
The shape of untreated SK-GT-4 appears as a fibroblast-
like cell, but when treated with IC50 dose of EU and 

RA, it undergoes different changes and loses its distinc-
tive shape as a fibroblast-like cell; additionally, the cyto-
pathic effects of SK-GT-4 are increased with an increase 
in the treatment period. Furthermore, when SK-GT-4 
was treated with the IC50 of EU and RA, shrinking cells 
were observed after 24 h, indicating the early dead stage, 
and round and aggregation cells were observed after 72 h. 
This refers to the final shape as the cytopathic effect of 
SK-GT-4 on dead cells is a swelling cell. Furthermore, 
due to dead cells, cells-spaces clear in SK-GT-4 tissue 
culture and then undergo lysis (Fig. 3).

Apoptosis analyzes
According to the AO/EB staining, the untreated SK-GT-4 
cells had a fusiform shape with green cytoplasm and 
nuclei after 6 h of incubation (Fig. 3A, B). However, after 
6  h of treatment with the IC50 doses of EU and RA, a 
number of treated SK-GT-4 cells exhibited signs of phe-
notypic apoptotic changes, including lysis of cytoplasm 
with yellow-green shrinkage nucleus as an early apop-
totic cell and some cells with colored red nuclei and cyto-
plasm as late apoptotic cells (Fig. 4C–F).

Effects of eucalyptus oil and retinoic acid on the expression 
of caspase‑8 and 9 genes in SK‑GT‑4 cells
Figures 5 and 6 show the effects of Eucalyptus oil and reti-
noic acid on the expression of caspase 9 and 8 genes in 
SK-GT-4 cells. Caspase 9 gene expression was significantly 
increased in cells treated with EU and RA. However, cas-
pase 9 expression was significantly higher in EU treatment 
than in RA treatment. The level of significance between 
the values of Caspase 9 gene expression in untreated cells 
and cells treated with EU was (0.000), and the level of sig-
nificance between cells treated with RA and untreated 
cells was (0.004) at a level of significance (0.05). Treat-
ment with Eucalyptus oil increased Caspase 9 expression 
approximately 227-fold, whereas treatment with Retinoic 
acid increased Caspase 9 expression approximately 81-fold. 
Caspase 9 had a greater fold increase in the presence of 
eucalyptus oil than Retinoic acid. This indicated that Euca-
lyptus oil had a greater effect on caspase 9 than Retinoic 
acid (Fig.  5). The caspase eight gene expression was sig-
nificantly increased in cells treated with retinoic acid. The 
level of significance between Caspase 8 gene expression 
values in untreated cells and cells treated with RA was 
(0.000) at a significance level of (0.05). On the other hand, 
the EU had little effect on caspase 8 expression. The level 
of significance between Caspase 8 gene expression values 
in untreated cells and cells treated with EU was (0.091) at 
a significance level of (0.05) (Fig. 6). Treatment with Euca-
lyptus oil increased Caspase 8 expression approximately 
2.2-fold, whereas treatment with Retinoic acid increased 
Caspase 8 expression approximately 30.4-fold. Caspase 8 

Table 2  Value of CI for non-constant combination (EU + RA) of 
esophagus carcinoma SK-GT-4 treated for 72 h (n = 3)

Points Concentration 
eucalyptus (µg/
mL)

Concentration 
retinoic acid (µM/
mL)

Effect CI

1 10 5 0.59 0.20414

2 100 100 0.58 2.82187

3 1000 200 0.60 13.4156

Fig. 2  Isobologram analysis showing the synergistic effect between 
EU and RA in the lowest concentration on SK-GT-4 cell line, after 72 h 
of treatment (Regarding points 1, 2, 3 note Table 2)
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increased by a much smaller factor in the presence of euca-
lyptus oil than Retinoic acid. This meant that caspase 8 was 
less sensitive to Eucalyptus oil than it was to Retinoic acid. 
Retinoic acid induced the caspase 8 and 9-dependent path-
ways in SK-GT-4 cells, whereas Eucalyptus oil induced only 
the caspase 9-dependent pathway.

Discussion
Chemotherapy has numerous side effects, prompting 
researchers to seek alternative methods that are both 
more effective against tumors and less harmful to the 

host. Natural plant products are one of the alternative 
methods proposed [5, 29, 30]. As a result, research has 
focused on describing active compounds in plants such 
as Eucalyptus [7, 31–33] and those that are a source of 
vitamin A (retinol) [34–37]. This is to determine its effi-
cacy in inhibiting various cancers [36–40]. Previous 
research has shown that both Eucalyptus essential oil and 
retinoic acid have cytotoxic effects on cells [41–44]. 
Essential oils isolated from Eucalyptus genes are natural 
oils that are widely used in medicine, including cancer 
prevention and treatment [45]. The essential oil and 

A

C D

E F

B

Fig. 3  Morphological analysis of SK-GT-4cell line following unstained. A Untreated cells after 24 h incubation, the SK-GT-4 show as fibroblast-like 
cell, ×20. B Untreated cells 72 h incubation, the SK-GT-4 show as fibroblast-like cell, ×20. C Treated cells with IC50 of EU after 24 h, blue arrows refer 
to the rounded cells as dead cells, red arrows refer to shrinking cells, ×20. D Treated cells with IC50 of EU after 72 h, in the filed most cells, shows as 
a rounded cell as dead cells (blue arrows), and appear more space clear from cells (star), ×20. E Treated cells with IC50 of RA after 24 h blue arrows 
refer to the rounded cells as dead cells, red arrows refer to swelling cells, and appear space between cells (star), ×40. F Treated cells with IC50 of RA 
after 72 h, blue arrows refer to the rounded cells as dead cells, and appear space between cells (star), ×40
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monoterpenoids of Eucalyptus sp. are responsible for 
inhibiting the growth of numerous human cancer cell 
lines. PC-3, Hep G2, Hs578T, and MDA-MB-231 [46], 
EAC [43], WEHI-3, HT-29, and HL-60 [40], HeLa and 
Jurkat [32], and mcf7 and Hep G-2 [47]. Furthermore, the 
essential oil of E. polybractea has a cytotoxic effect on the 
human esophageal cancer cell line SK-GT-4, and our 
MTT assay data revealed that the essential oil evoked a 
concentration-dependent cytotoxic effect on SK-GT-4. 
Because the essential oil contains many bioactive compo-
nents such as cineol (82%), limonene and terpineol 
(3.67%), sabinene (1.98%), and others [48]. As a result, the 

essential oil has a wide range of activities, including cyto-
toxicity against cancer cell lines [40, 49]. Despite this, 1,8 
cineol has the highest concentration in the essential oil of 
Eucalyptus polybractea [48]. Previous research has 
shown that 1,8 cineol alone has less or no toxic effects on 
cancer cell lines than oil [50, 51]. This clearly shows that 
proportion does not always account for the greatest share 
of total bioactivity and cytotoxicity of eucalyptus oil due 
to its constituents combined. Retinoic acid is a plant 
compound that belongs to the terpenoids family [52]. It is 
known that it promotes cell reproduction and differentia-
tion in normal tissues and that it plays a role in the 

A
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Fig. 4  Morphological analysis of SK-GT-4 cells line following acridine orange/ethidium bromide staining. A Untreated cells ×10. B Untreated cells 
×40. C Treated cells with IC50 of EU, the viable cells (blue head arrows), the apoptotic cells (red head arrows) ×40. D Treated cells with IC50 of EU, 
the proapoptotic and apoptotic cells (red head arrows), the viable cells (blue head arrows) ×40. E Treated cells with IC50 of RA, the apoptotic cells 
(red head arrows) ×100. F Treated cells with IC50 of RA, the apoptotic cells (red head arrows) ×100
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embryonic development of some tissues, including nerve 
tissue [14, 37]. Whereas acts as a growth inhibitor for 
tumor masses [13]. Retinoic acid and its derivatives have 
frequently been used as anti-cancer agents against a vari-
ety of cancers, including breast cancer [34–36], lung can-
cer [35, 53], ovarian cancer [54], and cervix cancer [55]. 
The current study found that it is toxic to the human 
esophageal cancer cell line SK-GT-4. Its toxicity increased 
as concentration increased. In human cells, RA has two 
important receptors: Retinoic A Receptor (RARa, RARB, 
RARY) and Retinoic X Receptor (RXR), both of which 
are nuclear receptors [16]. The effectiveness of those 
nuclear receptors is responsible for the inhibitory activity 
against various tumors [56]. The current study was able 

to achieve the half-cells inhibitor concentration IC50 of 
both EU and RA using the mtt technique. The IC50 con-
centration values varied depending on the species of 
Eucalyptus tree from which the oil was extracted and the 
cell line type. On the WEHI-3, HT-29, and HL-60 cancer 
lines, the IC50 concentration of the oil extracted from the 
E. camaldulensis tree was (16.1  g/mL, 50.5  g/mL, and 
42.1  g/mL, respectively [40]. On the MCF7 cancer cell 
line, the IC50 concentration of the extracted oil was 
6.76  g/mL for E. sideroxylon and 5.22  g/mL for E. 
torquata [8]. On the human esophageal cancer cell line, 
the IC50 concentration for the oil extracted from E. poly-
bractea is 63  g/mL. (SK-GT-4). These morphological 
changes are the result of biochemical and molecular 
events in treated SK-GT-4 cells [57]. A cell that has 
undergone Apoptosis has a distinct morphology in terms 
of shape, size, cytoplasm, and nucleus. We interpret the 
changes in SK-GT-4 cells as a progression of different 
stages of apoptosis. Since we discovered a link between 
the EU and RA, we can conclude that Apoptosis occurs. 
We looked at genes that are involved in both intrinsic and 
extrinsic pathways. Previous research has found that 
Eucalyptus oil and retinoic acid are involved in apoptosis 
and/or cell cycle arrest [25, 42, 43, 58–61]. The current 
study confirms this by examining the image of Acridine 
Orange—Ethidium bromide and analyzing gene expres-
sion. Apoptosis can occur in mammalian cells via two 
pathways: the caspase-dependent apoptosis pathway is 
the classic programmed cell death pathway, with two 
signaling mechanisms: the extrinsic pathway promoted 
caspase-8, 10, and 7. Caspase-9, 12, and 6 promote the 
intrinsic pathway [62]. The essential oil isolated from the 
Eucalyptus genus contains numerous bioactive com-
pounds capable of inducing cell death pathways [42, 43, 
63]. Our findings show that E. polybractea essential oil 
can induce apoptosis in the SK-GT-4 cell line by increas-
ing caspase-9 mRNA levels. The essential oil isolated 
from the Eucalyptus genus contains numerous bioactive 
compounds capable of inducing program cell death path-
ways [42, 43, 63]. Monoterpenes are compounds found in 
the essential oil of Eucalyptus spp. that have been shown 
to prevent cancer at various stages [64]. The monoter-
pene Eucalyptus essential oil 1,8 cineole promoted the 
P38 gene, which splits PARP and activates caspase-3 in 
two types of human colorectal cancer cell lines [33]. In 
addition, trepinen-4-ol, a monoterpene found in Euca-
lyptus essential oil, activated the intrinsic apoptosis path-
way by upregulating caspase-9 and 3 in A549 and CL1-0 
cells [49]. Terpinen-4-OL also caused G1 phase arrest in 
AE17 and B16 murine cells [65]. P-menth-1-ene-4-7 (EC-
1) [43], another compound isolated from Eucalyptus, 
increased gene expression of P53 and Bax genes related 
to apoptosis in EAC cells. Apoptosis was induced and the 
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GolG1 phase was arrested in mcf7 at low concentrations 
of RA [66–68]. The role of retinoic acid in tumor preven-
tion is dependent on its receptors (RAR and RXR) [69–
71]. RA receptors bind to conventional gene sites (RARE) 
[37]. This promotes the extrinsic Apoptosis pathway, 
which is regarded as a critical regulator of a caspase cas-
cade. Independent of RARE, retinoic acid increases cas-
pase-8 expression gene expression. However, it has been 
established that the various members of the death recep-
tor-mediated apoptosis pathway are attributed to the 
recruitment of procaspase-8 upregulation. Finally, the 
procaspase-8 is cleaved and activated; when this hap-
pens, the cell enters Apoptosis [72]. Furthermore, RA 
and its variants promote apoptosis by binding to regula-
tor proteins such as NF-KB [73], IFN-Y [74], VEGF [75], 
and TGF-B [76]. In the Jurkat cell line, retinoid-related 
molecules cause the released cytochrome C to activate 
the gene expression of caspase-9 and 3 [77]. The current 
study has confirmed that RA induces the extrinsic and 
intrinsic apoptosis pathways by upregulating caspase-8 
and 9 gene expression. These findingswere confirmed by 
Hong and Lee-Kim [34] on mcf7 treated with RA iso-
mers. The receptors RAR and RXR of RA have inhibited 
the wnt/b-catenin pathway, leading to apoptosis in the 
unorthodox pathway of RA. These receptors bind in the 
CREB region of the gene to promote caspase-8 gene 
expression [72]. Recent research has concentrated on the 
antagonistic or synergistic relationship between essential 
oils and chemotherapy [51]. Retinoic acid, on the other 
hand, is used in combination therapy with other drugs or 
materials [25]. In the current study, the essential oil is 
combined with RA to investigate their role as a combina-
tion therapy concurrently. The molecular reasoning 
related to their targets was used to create a combined EU 
and RA. Although essential oil and retinoic acid alone 
have cytotoxic effects and can induce apoptosis in human 
esophageal cancer cell SK-GT-4, encouraging results in 
preventing SK-GT-4 have been observed when combined 
with the EU and RA. This combination’s inhibitor rates 
are 59%, 58%, and 60% at three concentrations. These 
findings revealed an antagonism effect on SK-GT-4 at the 
second and third concentrations, whereas have a syner-
gistic effect on SK-GT-4 at the first concentration. The 
combined results show a synergistic strategy to improve 
Apoptosis only at the lowest concentration. The intrinsic 
apoptosis pathway (caspase-9) induces essential oil, 
whereas the extrinsic and intrinsic apoptosis pathways 
induce retinoic acid (caspase-8 and 9). As a result, the 
increased level of apoptosis may be regulated by a close 
interaction between these two apoptosis pathways at the 
same time. These events resulted in an increase in the 
inhibition rate of SK-GT-4, particularly at the lowest 
combination concentration. The combined results 

suggest a promising strategy for increasing Apoptosis by 
simultaneously stimulating extrinsic and intrinsic path-
ways at the lowest concentration.

Conclusion
It is well-understood that the goal of combination stud-
ies in tumor treatments is to increase the possibility 
and degree of therapeutic responses while decreasing 
the cytotoxicity of chemotherapeutic agents. The cur-
rent study found that combining low concentrations of 
essential oil of Eucalyptus polybractea and retinoic acid 
stimulated apoptosis in SK-GT-4 more than high concen-
trations. This bioactive combination concentration may 
have a lower cytotoxic effect on normal cells. As a result, 
we recommend conducting additional research to better 
understand the roles and effects of Eucalyptus polybrac-
tea essential oil and retinoic acid.

Abbreviations
RA: Retinoic acid; EU: Eucalyptus oil; PR: Proliferation rate; IR: Inhibition Rate; 
AO/EB: Acridine Orange/Ethidium Bromide; IC50: The Half Maximal Inhibitory 
Concentration 50%; h: Hours; MTT: (3-(4,5-Dimethylthiazol-2-yl)-2,5- diphe‑
nyltetrazolium bromide) assay; RPMI-1640: Roswell Park Memorial Institute 
(media.

Acknowledgements
I would like to express my gratitude to the Laboratories of (IRAQ Biotech Com‑
pany, Basrah, Iraq). And I also extend my sincere thanks to Asst. Prof. Hayder 
Tuama Jasim Al-Saedi for his help with translation.

Authors’ contributions
SMJF and AAA contributed funding and put forward the idea of the research, 
and the STA-S and AAA​AAA​-A contributed to conducting laboratory experi‑
ments and writing. All authors read and approved the final manuscript.

Funding
No external source of funding, the work was funded by participating 
researchers.

Availability of data and materials
Preparation of Eucalyptus oil concentrations:
1. 94 µL oil + 6 µL methanol = 940 µg from oil per 100 µL.
2. N1 × V1 = N2 × V2
940 µg × = con. ? × 500 µL sfm (serum free media)
Preparation of Retinoic Acid concentrations:
1. A stocks are prepared from retinoic acid (1 mg/1 mL) using sfm.
2. N1 × V1 = N2 × V2
1000 µg × = con. ? × 500 µL (sfm)
There are no additional data because all the data related to the research was 
mentioned in the build of the research within the methods and results.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
There are no financial and non-financial competing for all research 
participants.



Page 10 of 12Falih et al. Egyptian Journal of Medical Human Genetics           (2022) 23:70 

Author details
1 Science Department, College of Basic Education, Misan University, Amarah, 
Iraq. 2 Department of Surgery and Obstetrics, College of Veterinary Medicine, 
Basrah University, Basra, Iraq. 3 Biology Department, College of Education 
for Pure Science, Basrah University, Basra, Iraq. 

Received: 21 September 2021   Accepted: 14 February 2022

References
	1.	 Lukianova-Hleb EY, Ren X, Zasadzinski JA, Wu X, Lapotko DO (2012) Plas‑

monic nanobubbles enhance efficacy and selectivity of chemotherapy 
against drug-resistant cancer cells. Adv Mater 24(28):3831–3837. https://​
doi.​org/​10.​1002/​adma.​20110​3550

	2.	 Yuan Y, Zhang CJ, Liu B (2015) A platinum prodrug conjugated with a 
photosensitizer with aggregation-induced emission (AIE) characteristics 
for drug activation monitoring and combinatorial photodynamic–
chemotherapy against cisplatin resistant cancer cells. Chem Commun 
51(41):8626–8629. https://​doi.​org/​10.​1039/​C5CC0​1952D

	3.	 Deng ZJ, Morton SW, Ben-Akiva E, Dreaden EC, Shopsowitz KE, Ham‑
mond PT (2013) Layer-by-layer nanoparticles for systemic codelivery of 
an anti-cancer drug and siRNA for potential triple-negative breast cancer 
treatment. ACS Nano 7(11):9571–9584. https://​doi.​org/​10.​1021/​nn404​
7925

	4.	 Pinato DJ, Graham J, Gabra H, Sharma R (2013) Evolving concepts in the 
management of drug resistant ovarian cancer: dose dense chemo‑
therapy and the reversal of clinical platinum resistance. Cancer Treat Rev 
39(2):153–160. https://​doi.​org/​10.​1016/j.​ctrv.​2012.​04.​004

	5.	 Osbourn AE, Lanzotti V (2009) Plant-derived natural products. Springer, 
Dordrecht, pp 361–384.

	6.	 Veeresham C (2012) Natural products derived from plants as a source of 
drugs. J Adv Pharm Technol Res 3(4):200. https://​doi.​org/​10.​4103/​2231-​
4040.​104709

	7.	 Ghasemian A, Eslami M, Hasanvand F, Bozorgi H, Al-abodi HR (2019) 
Eucalyptus camaldulensis properties for use in the eradication of infec‑
tions. Comp Immunol Microbiol Infect Dis 65:234–237. https://​doi.​org/​10.​
1016/j.​cimid.​2019.​04.​007

	8.	 Ashour HM (2008) Antibacterial, antifungal, and anti-cancer activities of 
volatile oils and extracts from stems, leaves, and flowers of Eucalyptus 
sideroxylon and Eucalyptus torquata. Cancer Biol Ther 7(3):399–403. 
https://​doi.​org/​10.​4161/​cbt.7.​3.​5367

	9.	 Rodrigues TO, Rousset PLA (2015) Effects of torrefaction on energy prop‑
erties of Eucalyptus grandis wood. Cerne 15(4):446–452

	10.	 Bhagat M, Sharma V, Saxena AK (2012) Anti-proliferative effect of leaf 
extracts of Eucalyptus citriodora against human cancer cells in vitro and 
in vivo, vol 49, p 45

	11.	 Hasegawa T, Takano F, Takata T, Niiyama M, Ohta T (2008) Bioactive 
monoterpene glycosides conjugated with gallic acid from the leaves of 
Eucalyptus globulus. Phytochemistry 69(3):747–753. https://​doi.​org/​10.​
1016/j.​phyto​chem.​2007.​08.​030

	12.	 Mota I, Rodrigues Pinto PC, Novo C, Sousa G, Guerreiro O, Guerra AR et al 
(2012) Extraction of polyphenolic compounds from Eucalyptus globulus 
bark: process optimization and screening for biological activity. Ind Eng 
Chem Res 51(20):6991–7000. https://​doi.​org/​10.​1021/​ie300​103z

	13.	 He S, Zhou W, Han Z, Xiao J (2019) Advanced progress in classic genomic 
and non-genomic regulating mechanism mediated by retinoic acids in 
anti-cancer treatments. Zhong nan da xue xue bao. Yi xue ban= J Central 
South University. Med Sci 44(1):81–86. https://​doi.​org/​10.​11817/j.​issn.​
1672-​7347.​2019.​01.​013

	14.	 Duester G (2008) Retinoic acid synthesis and signaling during early 
organogenesis. Cell 134(6):921–931. https://​doi.​org/​10.​1016/j.​cell.​2008.​09.​
002

	15.	 Vandamme EJ, Revuelta JL (2016) Vitamins, biopigments, antioxidants 
and related compounds: a historical, physiological and (bio) technologi‑
cal perspective. In: Industrial biotechnology of vitamins, biopigments, 
and antioxidants

	16.	 Di Masi A, Leboffe L, De Marinis E, Pagano F, Cicconi L, Rochette-Egly 
C et al (2015) Retinoic acid receptors: from molecular mechanisms to 

cancer therapy. Mol Asp Med 41:1–115. https://​doi.​org/​10.​1016/j.​mam.​
2014.​12.​003

	17.	 Xu C, Wang X, Zhou Y, Chen FX, Wang H, Li K et al (2019) Synergy 
between arsenic trioxide and JQ1 on autophagy in pancreatic cancer. 
Oncogene 38(47):7249–7265. https://​doi.​org/​10.​1038/​s41388-​019-​0930-3

	18.	 Zhang Y, Yang Y, Jiang S, Li F, Lin J, Wang T, Huang P (2019) Degradable 
silver-based nanoplatform for synergistic cancer starving-like/metal ion 
therapy. Mater Horiz 6(1):169–175. https://​doi.​org/​10.​1039/​C8MH0​0908B

	19.	 Kamoun WS, Dugast AS, Suchy JJ, Grabow S, Fulton RB, Sampson JF 
et al (2020) Synergy between EphA2-ILs-DTXp, a novel EphA2-targeted 
nanoliposomal taxane, and PD-1 inhibitors in preclinical tumor models. 
Mol Cancer Ther 19(1):270–281. https://​doi.​org/​10.​1158/​1535-​7163.​
MCT-​19-​0414

	20.	 Guo J, Li T, Hu Z, Wang C, Yang J, Zeng C, Fan R (2020) PD-L1-targeted 
nanobubbles loaded with docetaxel produce a synergistic effect for 
the treatment of lung cancer under ultrasound irradiation. Biomater Sci. 
https://​doi.​org/​10.​1039/​C9BM0​1575B

	21.	 Baindara P, Gautam A, Raghava GPS, Korpole S (2017) Anti-cancer proper‑
ties of a defensin like class IId bacteriocin Laterosporulin10. Sci Rep 
7:46541. https://​doi.​org/​10.​1038/​srep4​6541

	22.	 Hoskin DW, Ramamoorthy A (2008) Studies on anti-cancer activi‑
ties of antimicrobial peptides. Biochim Biophys Acta (BBA) Biomembr 
1778(2):357–375. https://​doi.​org/​10.​1016/j.​bbamem.​2007.​11.​008

	23.	 Qiao J, Liu J, Jia K, Li N, Liu B, Zhang Q, Zhu R (2016) Diosmetin triggers 
cell apoptosis by activation of the p53/Bcl-2 pathway and inactivation of 
the Notch3/NF-κB pathway in HepG2 cells. Oncol Lett 12(6):5122–5128. 
https://​doi.​org/​10.​3892/​ol.​2016.​5347

	24.	 Eltayeb NM, Al-Amin M, Yousif AM, Balakrishnan V, Salhimi SM (2021) 
Catharanthus roseus L. extract downregulates the expression profile 
of motility-related genes in highly invasive human breast cancer cell 
line MDA-MB-231. Biologia 76(3):1017–1032. https://​doi.​org/​10.​2478/​
s11756-​020-​00641-5

	25.	 Al-Shammari AM, Al-Esmaeel WN, Al-Ali AA, Hassan AA, Ahmed AA (2019) 
Enhancement of oncolytic activity of newcastle disease virus through 
combination with retinoic acid against digestive system malignancies. 
Mol Ther 27(4S1):126–127

	26.	 Freshney RI (2010) Culture of animal cells a manual of basic technique 
and specialized applications, 6th edn. Wiley, Hoboken, p 732

	27.	 Tallarida RJ (2011) Quantitative methods for assessing drug synergism. 
Genes Cancer 2(11):1003–1008. https://​doi.​org/​10.​1177/​19476​01912​
440575

	28.	 Liu Y, Clegg HV, Leslie PL, Di J, Tollini LA, He Y et al (2015) CHCHD2 inhibits 
Apoptosis by interacting with Bcl-x L to regulate Bax activation. Cell 
Death Differ 22(6):1035–1046. https://​doi.​org/​10.​1038/​cdd.​2014.​194

	29.	 Haque MU, Ferdiousi N, Sajon SR (2016) Anti-cancer agents derived from 
plant and dietary sources: a review. Int J Pharmacogn 32:55–66. https://​
doi.​org/​10.​13040/​IJPSR.​0975-​8232.​IJP.​3(2).​55-​66

	30.	 Agrawal SS, Paridhavi M (2007) Herbal drug technology. Universities Press 
Private Limited, Hyderabad

	31.	 Hardel DK, Laxmidhar S (2011) A review on phytochemical and pharma‑
cological of Eucalyptus globulus: a multipurpose tree. Int J Res Ayurveda 
Pharm (IJRAP) 2(5):1527–1530

	32.	 Döll-Boscardin PM, Sartoratto A, Maia S, de Noronha BHL, Padilha de 
Paula J, Nakashima T et al (2012) In vitro cytotoxic potential of essential 
oils of Eucalyptus benthamii and its related terpenes on tumor cell lines. 
Evid Based Complement Altern Med. https://​doi.​org/​10.​1155/​2012/​
342652

	33.	 Murata S, Shiragami R, Kosugi C, Tezuka T, Yamazaki M, Hirano A et al 
(2013) Antitumor effect of 1, 8-cineole against colon cancer. Oncol Rep 
30(6):2647–2652. https://​doi.​org/​10.​3892/​or.​2013.​2763

	34.	 Li XS, Shao ZM, Sheikh MS, Eiseman JL, Sentz D, Jetten AM et al (1995) 
Retinoic acid nuclear receptor β inhibits breast carcinoma anchorage 
independent growth. J Cell Physiol 165(3):449–458. https://​doi.​org/​10.​
1002/​jcp.​10416​50302

	35.	 Wu Q, Li Y, Liu R, Agadir A, Lee MO, Liu Y, Zhang XK (1997) Modulation 
of retinoic acid sensitivity in lung cancer cells through dynamic balance 
of orphan receptors nur77 and COUP-TF and their heterodimerization. 
EMBO J 16(7):1656–1669. https://​doi.​org/​10.​1093/​emboj/​16.7.​1656

	36.	 Hong TK, Lee-Kim YC (2009) Effects of retinoic acid isomers on Apoptosis 
and enzymatic antioxidant system in human breast cancer cells. Nutr Res 
Pract 3(2):77–83. https://​doi.​org/​10.​4162/​nrp.​2009.3.​2.​77

https://doi.org/10.1002/adma.201103550
https://doi.org/10.1002/adma.201103550
https://doi.org/10.1039/C5CC01952D
https://doi.org/10.1021/nn4047925
https://doi.org/10.1021/nn4047925
https://doi.org/10.1016/j.ctrv.2012.04.004
https://doi.org/10.4103/2231-4040.104709
https://doi.org/10.4103/2231-4040.104709
https://doi.org/10.1016/j.cimid.2019.04.007
https://doi.org/10.1016/j.cimid.2019.04.007
https://doi.org/10.4161/cbt.7.3.5367
https://doi.org/10.1016/j.phytochem.2007.08.030
https://doi.org/10.1016/j.phytochem.2007.08.030
https://doi.org/10.1021/ie300103z
https://doi.org/10.11817/j.issn.1672-7347.2019.01.013
https://doi.org/10.11817/j.issn.1672-7347.2019.01.013
https://doi.org/10.1016/j.cell.2008.09.002
https://doi.org/10.1016/j.cell.2008.09.002
https://doi.org/10.1016/j.mam.2014.12.003
https://doi.org/10.1016/j.mam.2014.12.003
https://doi.org/10.1038/s41388-019-0930-3
https://doi.org/10.1039/C8MH00908B
https://doi.org/10.1158/1535-7163.MCT-19-0414
https://doi.org/10.1158/1535-7163.MCT-19-0414
https://doi.org/10.1039/C9BM01575B
https://doi.org/10.1038/srep46541
https://doi.org/10.1016/j.bbamem.2007.11.008
https://doi.org/10.3892/ol.2016.5347
https://doi.org/10.2478/s11756-020-00641-5
https://doi.org/10.2478/s11756-020-00641-5
https://doi.org/10.1177/1947601912440575
https://doi.org/10.1177/1947601912440575
https://doi.org/10.1038/cdd.2014.194
https://doi.org/10.13040/IJPSR.0975-8232.IJP.3(2).55-66
https://doi.org/10.13040/IJPSR.0975-8232.IJP.3(2).55-66
https://doi.org/10.1155/2012/342652
https://doi.org/10.1155/2012/342652
https://doi.org/10.3892/or.2013.2763
https://doi.org/10.1002/jcp.1041650302
https://doi.org/10.1002/jcp.1041650302
https://doi.org/10.1093/emboj/16.7.1656
https://doi.org/10.4162/nrp.2009.3.2.77


Page 11 of 12Falih et al. Egyptian Journal of Medical Human Genetics           (2022) 23:70 	

	37.	 Connolly RM, Nguyen NK, Sukumar S (2013) Molecular pathways: cur‑
rent role and future directions of the retinoic acid pathway in cancer 
prevention and treatment. Clin Cancer Res 19(7):1651–1659

	38.	 Takasaki M, Konoshima T, Etoh H, Singh IP, Tokuda H, Nishino H (2000) 
Cancer chemopreventive activity of euglobal-G1 from leaves of 
Eucalyptus grandis. Cancer Lett 155(1):61–65. https://​doi.​org/​10.​1016/​
S0304-​3835(00)​00406-7

	39.	 Tian LW, Xu M, Li Y, Li XY, Wang D, Zhu HT et al (2012) Phenolic com‑
pounds from the branches of Eucalyptus maideni. Chem Biodivers 
9(1):123–130. https://​doi.​org/​10.​1002/​cbdv.​20110​0021

	40.	 Mubarak EE, Landa ZA, Ahmed IFA, Ahmed ABA, Taha RM (2015) 
Essential oil compositions and cytotoxicity from various organs of 
Eucalyptus camaldulensis. Int J Agric Biol 17(2):320–326

	41.	 Voigt A, Zintl F (2003) Effects of retinoic acid on proliferation, Apopto‑
sis, cytotoxicity, migration, and invasion of neuroblastoma cells. Med 
Pediatr Oncol Off J SIOP Int Soc Pediatr Oncol (Societé Internationale 
d’Oncologie Pédiatrique) 40(4):205–213. https://​doi.​org/​10.​1002/​mpo.​
10250

	42.	 Islam F, Khatun H, Khatun M, Ali SMM, Khanam JA (2014) Growth inhibi‑
tion and Apoptosis of Ehrlich ascites carcinoma cells by the methanol 
extract of Eucalyptus camaldulensis. Pharm Biol 52(3):281–290. https://​
doi.​org/​10.​3109/​13880​209.​2013.​834365

	43.	 Islam F, Khanam JA, Khatun M, Zuberi N, Khatun L, Kabir SR et al (2015) 
A p-Menth-1-ene-4, 7-diol (EC-1) from Eucalyptus camaldulensis Dhnh. 
Triggers apoptosis and cell cycle changes in ehrlich ascites carcinoma 
cells. Phytother Res 29(4):573–581. https://​doi.​org/​10.​1002/​ptr.​5288

	44.	 Vuong QV, Chalmers AC, Jyoti Bhuyan D, Bowyer MC, Scarlett CJ 
(2015A) Botanical, phytochemical, and anti-cancer properties of the 
Eucalyptus species. Chem Biodivers 12(6):907–924. https://​doi.​org/​10.​
1002/​cbdv.​20140​0327

	45.	 Serafino A, Vallebona PS, Andreola F, Zonfrillo M, Mercuri L, Federici M 
et al (2008) Stimulatory effect of Eucalyptus essential oil on innate cell-
mediated immune response. BMC Immunol 9(1):17. https://​doi.​org/​10.​
1186/​1471-​2172-9-​17

	46.	 Silifat JT, Ogunwande IA, Olawore NO, Walker TM, Schmidt JM, Setzer 
WN et al (2005) In vitro cytotoxicity activitie of essential oils of euca‑
lyptus torreliana F. v. Muell (leaves and fruits). J Essent Oil Bear Plants 
8(2):110–119. https://​doi.​org/​10.​1080/​09720​60X.​2005.​10643​429

	47.	 Al-Sayed E, Singab AN, Ayoub N, Martiskainen O, Sinkkonen J, Pihlaja K 
(2012) HPLC–PDA–ESI–MS/MS profiling and chemopreventive poten‑
tial of Eucalyptus gomphocephala DC. Food Chem 133:1017–1024. 
https://​doi.​org/​10.​1016/j.​foodc​hem.​2011.​09.​036

	48.	 Aldoghaim FS, Flematti GR, Hammer KA (2018) Antimicrobial activity of 
several cineole-rich Western Australian Eucalyptus essential oils. Micro‑
organisms 6(4):122. https://​doi.​org/​10.​3390/​micro​organ​isms6​040122

	49.	 Wu CS, Chen YJ, Chen JJ, Shieh JJ, Huang CH, Lin PS et al (2012) 
Terpinen-4-ol induces Apoptosis in human non-small cell lung cancer 
in vitro and in vivo. Evid Based Complement Altern Med. https://​doi.​
org/​10.​1155/​2012/​818261

	50.	 Yang Y, Yue Y, Runwei Y, Guolin Z (2010) Cytotoxic, apoptotic and 
antioxidant activity of the essential oil of Amomum tsao-ko. Bioresour 
Technol 101(11):4205–4211. https://​doi.​org/​10.​1016/j.​biort​ech.​2009.​12.​
131

	51.	 Blowman K, Magalhães M, Lemos MFL, Cabral C, Pires IM (2018) Anti-
cancer properties of essential oils and other natural products. Evid 
Based Complement Altern Med. https://​doi.​org/​10.​1155/​2018/​31493​62

	52.	 Grassmann J (2005) Terpenoids as plant antioxidants. Vitam Horm 
72:505–535. https://​doi.​org/​10.​1016/​S0083-​6729(05)​72015-X

	53.	 Li Y, Dawson MI, Agadir A, Lee MO, Jong L, Hobbs PD, Zhang XK (1998) 
Regulation of RARβ expression by RAR-and RXR-selective retinoids in 
human lung cancer cell lines: effect on growth inhibition and apopto‑
sis induction. Int J Cancer 75(1):88–95. https://​doi.​org/​10.​1002/​(SICI)​
1097-​0215(19980​105)​75:1%​3c88::​AID-​IJC14%​3e3.0.​CO;2-9

	54.	 Pergolizzi R, Appierto V, Crosti M, Cavadini E, Cleris L, Guffanti A, 
Formelli F (1999) Role of retinoic acid receptor overexpression in sen‑
sitivity to fenretinide and tumorigenicity of human ovarian carcinoma 
cells. Int J Cancer 81(5):829–834. https://​doi.​org/​10.​1002/​(SICI)​1097-​
0215(19990​531)​81:5%​3c829::​AID-​IJC26%​3e3.0.​CO;2-3

	55.	 Wu Q, Chen ZM, Su WJ (2002) Anti-cancer effect of retinoic acid via 
AP-1 activity repression is mediated by retinoic acid receptor α and β 

in gastric cancer cells. Int J Biochem Cell Biol 34(9):1102–1114. https://​
doi.​org/​10.​1016/​S1357-​2725(02)​00030-4

	56.	 Zhou XZ, Lu KP (2016) The isomerase PIN1 controls numerous 
cancer-driving pathways and is a unique drug target. Nat Rev Cancer 
16(7):463. https://​doi.​org/​10.​1038/​nrc.​2016.​49

	57.	 Hengartner MO (2000) The biochemistry of apoptosis. Nature 
407(6805):770–776. https://​doi.​org/​10.​1038/​35037​710

	58.	 Vuong QV, Hirun S, Chuen TL, Goldsmith CD, Munro B, Bowyer MC et al 
(2015) Physicochemical, antioxidant and anti-cancer activity of a Euca‑
lyptus robusta (Sm.) leaf aqueous extract. Ind Crops Prod 64:167–174. 
https://​doi.​org/​10.​1016/j.​indcr​op.​2014.​10.​061

	59.	 Liu YI, Lee MO, Wang HG, Li Y, Hashimoto Y, Klaus M et al (1996) Retinoic 
acid receptor beta mediates the growth-inhibitory effect of retinoic 
acid by promoting Apoptosis in human breast cancer cells. Mol Cell 
Biol 16(3):1138–1149. https://​doi.​org/​10.​1128/​MCB.​16.3.​1138

	60.	 Sumantran VN, Zhang R, Lee DS, Wicha MS (2000) Differential regula‑
tion of apoptosis in normal versus transformed mammary epithe‑
lium by lutein and retinoic acid. Cancer Epidemiol Prevent Biomark 
9(3):257–263

	61.	 Fields AL, Soprano DR, Soprano KJ (2007) Retinoids in biological 
control and cancer. J Cell Biochem 102(4):886–898. https://​doi.​org/​10.​
1002/​jcb.​21530

	62.	 Degterev A, Boyce M, Yuan J (2003) A decade of caspases. Oncogene 
22(53):8543–8567. https://​doi.​org/​10.​1038/​sj.​onc.​12071​07

	63.	 Graf D, Bode JG, Häussinger D (2007) Caspases and receptor cleavage. 
Arch Biochem Biophys 462:162–170. https://​doi.​org/​10.​1016/j.​abb.​
2007.​03.​029

	64.	 Gould MN (1997) Cancer chemoprevention and therapy by monoter‑
penes. Environ Health Perspect 105(suppl 4):977–979. https://​doi.​org/​
10.​1289/​ehp.​97105​s4977

	65.	 Greay SJ, Ireland DJ, Kissick HT, Levy A, Beilharz MW, Riley TV, Carson 
CF (2010) Induction of necrosis and cell cycle arrest in murine cancer 
cell lines by Melaleuca alternifolia (tea tree) oil and terpinen-4-ol. 
Cancer Chemother Pharmacol 65(5):877–888. https://​doi.​org/​10.​1007/​
s00280-​009-​1093-7

	66.	 Seewaldt VL, Johnson BS, Parker MB, Collins SJ, Swisshelm K (1995) 
Swisshelm K (1995) Expression of retinoic acid receptor beta mediates 
retinoic acid-induced growth arrest and Apoptosis in breast cancer 
cells. Cell Growth Differ 6:1077–1088

	67.	 Dimberg A, Öberg F (2003) Retinoic acid-induced cell cycle arrest of 
human myeloid cell lines. Leukemia Lymphoma 44(10):1641–1650. 
https://​doi.​org/​10.​1080/​10428​19031​00008​3316

	68.	 Dietze EC, Caldwell LE, Marcom K, Collins SJ, Yee L, Swisshelm K et al 
(2002) Retinoids and retinoic acid receptors regulate growth arrest and 
Apoptosis in human mammary epithelial cells and modulate expres‑
sion of CBP/p300. Microsc Res Tech 59(1):23–40. https://​doi.​org/​10.​
1002/​jemt.​10174

	69.	 Chambon P (1996) A decade of molecular biology of retinoic acid 
receptors. FASEB J 10(9):940–954. https://​doi.​org/​10.​1096/​fasebj.​10.9.​
88011​76

	70.	 Mangelsdorf DJ, Thummel C, Beato M, Herrlich P, Schütz G, Umesono K 
et al (1995) The nuclear receptor superfamily: the second decade. Cell 
83(6):835

	71.	 Zhu SS, Luo LZ (2016) Involvement of retinoic acid regulates Wnt 
signaling pathway in cancer metastasis. J Can Bio Res 4(3):1086

	72.	 Jiang M, Zhu K, Grenet J, Lahti JM (2008) Retinoic acid induces 
caspase-8 transcription via phospho-CREB and increases apoptotic 
responses to death stimuli in neuroblastoma cells. Biochim Biophys 
Acta (BBA) Mol Cell Res 1783(6):1055–1067. https://​doi.​org/​10.​1016/j.​
bbamcr.​2008.​02.​007

	73.	 Cras A, Politis B, Balitrand N, Darsin-Bettinger D, Boelle PY, Cassinat B 
et al (2012) Bexarotene via CBP/p300 induces suppression of NF-κB–
dependent cell growth and invasion in thyroid cancer. Clin Cancer Res 
18(2):442–453

	74.	 Papi A, Guarnieri T, Storci G, Santini D, Ceccarelli C, Taffurelli M et al 
(2012) Nuclear receptors agonists exert opposing effects on the 
inflammation dependent survival of breast cancer stem cells. Cell 
Death Differ 19(7):1208–1219. https://​doi.​org/​10.​1038/​cdd.​2011.​207

	75.	 Lee JH, Kishikawa M, Kumazoe M, Yamada K, Tachibana H (2010) 
Vitamin A enhances antitumor effect of a green tea polyphenol on 
melanoma by upregulating the polyphenol sensing molecule 67-kDa 

https://doi.org/10.1016/S0304-3835(00)00406-7
https://doi.org/10.1016/S0304-3835(00)00406-7
https://doi.org/10.1002/cbdv.201100021
https://doi.org/10.1002/mpo.10250
https://doi.org/10.1002/mpo.10250
https://doi.org/10.3109/13880209.2013.834365
https://doi.org/10.3109/13880209.2013.834365
https://doi.org/10.1002/ptr.5288
https://doi.org/10.1002/cbdv.201400327
https://doi.org/10.1002/cbdv.201400327
https://doi.org/10.1186/1471-2172-9-17
https://doi.org/10.1186/1471-2172-9-17
https://doi.org/10.1080/0972060X.2005.10643429
https://doi.org/10.1016/j.foodchem.2011.09.036
https://doi.org/10.3390/microorganisms6040122
https://doi.org/10.1155/2012/818261
https://doi.org/10.1155/2012/818261
https://doi.org/10.1016/j.biortech.2009.12.131
https://doi.org/10.1016/j.biortech.2009.12.131
https://doi.org/10.1155/2018/3149362
https://doi.org/10.1016/S0083-6729(05)72015-X
https://doi.org/10.1002/(SICI)1097-0215(19980105)75:1%3c88::AID-IJC14%3e3.0.CO;2-9
https://doi.org/10.1002/(SICI)1097-0215(19980105)75:1%3c88::AID-IJC14%3e3.0.CO;2-9
https://doi.org/10.1002/(SICI)1097-0215(19990531)81:5%3c829::AID-IJC26%3e3.0.CO;2-3
https://doi.org/10.1002/(SICI)1097-0215(19990531)81:5%3c829::AID-IJC26%3e3.0.CO;2-3
https://doi.org/10.1016/S1357-2725(02)00030-4
https://doi.org/10.1016/S1357-2725(02)00030-4
https://doi.org/10.1038/nrc.2016.49
https://doi.org/10.1038/35037710
https://doi.org/10.1016/j.indcrop.2014.10.061
https://doi.org/10.1128/MCB.16.3.1138
https://doi.org/10.1002/jcb.21530
https://doi.org/10.1002/jcb.21530
https://doi.org/10.1038/sj.onc.1207107
https://doi.org/10.1016/j.abb.2007.03.029
https://doi.org/10.1016/j.abb.2007.03.029
https://doi.org/10.1289/ehp.97105s4977
https://doi.org/10.1289/ehp.97105s4977
https://doi.org/10.1007/s00280-009-1093-7
https://doi.org/10.1007/s00280-009-1093-7
https://doi.org/10.1080/1042819031000083316
https://doi.org/10.1002/jemt.10174
https://doi.org/10.1002/jemt.10174
https://doi.org/10.1096/fasebj.10.9.8801176
https://doi.org/10.1096/fasebj.10.9.8801176
https://doi.org/10.1016/j.bbamcr.2008.02.007
https://doi.org/10.1016/j.bbamcr.2008.02.007
https://doi.org/10.1038/cdd.2011.207


Page 12 of 12Falih et al. Egyptian Journal of Medical Human Genetics           (2022) 23:70 

laminin receptor. PLoS ONE 5(6):e11051. https://​doi.​org/​10.​1371/​journ​
al.​pone.​00110​51

	76.	 Ying M, Wang S, Sang Y, Sun P, Lal B, Goodwin CR et al (2011) Regula‑
tion of glioblastoma stem cells by retinoic acid: role for Notch pathway 
inhibition. Oncogene 30(31):3454–3467. https://​doi.​org/​10.​1038/​onc.​
2011.​58

	77.	 Ortiz MA, Lopez-Hernandez FJ, Bayon Y, Pfahl M, Piedrafita FJ (2001) 
Retinoid-related molecules induce cytochrome c release and Apoptosis 
through activation of c-Jun NH2-terminal kinase/p38 mitogen-activated 
protein kinases. Cancer Res 61(23):8504–8512

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1371/journal.pone.0011051
https://doi.org/10.1371/journal.pone.0011051
https://doi.org/10.1038/onc.2011.58
https://doi.org/10.1038/onc.2011.58

	The synergistic effect of eucalyptus oil and retinoic acid on human esophagus cancer cell line SK-GT-4
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Maintenance and proliferation of cell cultures
	Cytotoxicity assays
	Inhibition concentration that kills 50% (IC50) of cells
	The combined effect of eucalyptus oil and retinoic acid
	Cell morphology study
	Gene expression of Caspase 8 and 9 genes of SK-GT-4 cells lines treated with eucalyptus essential oil and retinoic acid
	The statistical analyses

	Results
	Cytotoxicity assays of eucalyptus and retinoic acid in SK-GT-4 cell line
	The combined effect of eucalyptus oil and retinoic acid
	Cell morphology study
	The morphological changes analysis
	Apoptosis analyzes

	Effects of eucalyptus oil and retinoic acid on the expression of caspase-8 and 9 genes in SK-GT-4 cells

	Discussion
	Conclusion
	Acknowledgements
	References


