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Introduction

 Morphine and other opioids have direct damaging 
effects on nerve cells in humans and other mammals [1, 
2]. High dose of morphine can disrupt cell function in the 
most important parts of the brain [3, 4]. It induces the cell 
death through many known and unknown mechanisms. 
Disruption of brain cell leads to dysfunction of the brain in 
morphine abusers and patients which are dependent on this 
opioid. Shuxian Hu et al. revealed that morphine induces 
apoptotic cell death in microglia as well as neurons, but 
astrocyte cell are resistance to morphine-induced cell 
death [5]. There are many questions about the mechanism 
of morphine in mammals’ brains, and it is necessary to 
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investigate the improvement processes against morphine-
induced brain dysfunction. Morphine abuse leads to 
decreased neurogenesis in the hippocampus of adult rats 
[6]. Therefore, although morphine have many clinical 
properties such as pain depletion [7],its abuse in patients 
leads to disruptive events in the central nervous system 
(CNS) and immune system cells [8, 9]. These events might 
occur in apoptotic cell death of some brain and immune 
cells [10, 11].

Some plants have pharmaceutical properties because 
of their components. Prunus amygdalus var. amara, or 
bitter almond, is an Asian tree which cultivates in the 
Mediterranean region and western Asia [12]. Amygdalin 
is one of its components, which might be responsible for 
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the antioxidant, antibacterial, and anticancer properties 
of bitter almond. The essential oil of bitter almond has 
previously been used for wound healing as well as the 
treatment of hemorrhoids, hair loss. It can also relieve 
joint pain [13]. Our propose was that Prunus amygdalus 
var. amara essential oil can decrease the side effects of 
morphine and reduces the morphine-induced cell death 
in neuron cells. In this study, we aimed to investigate the 
components of Prunus amygdalus var. amara essential 
oil. Then, we investigated the suppressor potential of 
this essential oil on cellular parameters of PC12 cells, as 
neuron-like cell line of rats. 

Materials and Methods

Plant sample collection and essential oil extraction
In this empirical study, 1500 g of Prunus amygdalus 

var. amara seeds were collected in Kermanshah, Iran 
(geographical coordinates: 34.3277° N and 47.0778° E). 
The plant was identified, and a voucher specimen (no. 
2886RUH) was deposited at the herbarium of the Research 
Center of the Faculty of Agriculture, Razi University, 
Kermanshah, Iran. The leaves of the plant were dried 
in shadow, and after grinding, each time 200 g of the 
obtained powder was dissolved in 2000 cc ethanol and 
put in a Clevenger apparatus for eight. Subsequently, the 
hydrolate was collected and centrifuged at 10,000 rpm 
for 10 minutes. The organic phase was removed with the 
aid of a Pasteur pipette and subsequently transferred to an 
Eppendorf tube, encased in parafilm and aluminum foil, 
and stored in a freezer at -20 °C. The yields of oils were 
assessed on the basis of the dry mass. The experiment was 
performed in triplicate.

Gas chromatography-Mass spectrometry (GC-MS)
The essential oil of Prunus amygdalus var. amara was 

analyzed by GC-MS (Thermo Quest Finningan, UK). 
The GC-MS device was equipped with an HP-5MS 5 % 
phenyl methyl silicone capillary column (30.00 m length 
× 0.25 mm ID and 0.25 μm film thickness). Helium flow 
rate with the split ratio Mohammad Mahdi Zangeneh et 
al., / TEOP 21 (5) 2018 1349 - 1358 1350 of 1:3 was kept 
at 2 mL/min. The GC analysis was performed three times. 
The components were quantified by a Shimadzu GC-17A 
gas chromatograph equipped with a flame ionization 
detector (GC-FID). A Supelco SPB-5 (5% diphenyl/95 
% dimethylpolysiloxane) capillary column (30 m × 0.25 
mm with a 0.25 μm film) was utilized, while making use 
of nitrogen as the carrier gas. The percentage, retention 
index, and time of each component were computed from 
the relative peak regions. The analyses were carried out 
twice.

Cell culture
PC12 (ATCC® CRL-1721TM) cells were cultured in 

Gibco RPMI 1640 cell culture medium. 10% fetal bovine 
serum (FBS, Gibco), 100 IU/ml penicillin (Sigma), and 
100 µg/ml streptomycin (Sigma) were added to the cell 
culture as supplement. The cell were incubated at 37 
ºC and 5% CO2, and kept in T-25 cm2 tissue culture. 
The essential oil of Prunus amygdalus var. amara was 

dissolved by DMSO and plated by a final volume of 0.1% 
for 12 h at 37°C. Then, the cells were washed with PBS 
and treated under different treatments for 48 h. The nine 
groups are listed below: morphine cell culture containing 
100 mM morphine, Control: cell culture medium without 
morphine and Prunus amygdalus var. amara essential oil; 
Treatment-1: cell culture containing 100 mM morphine 
and 2.5 μg of Prunus amygdalus var. amara essential oil; 
Treatment-2: cell culture containing 100 mM morphine 
and 5 μg of Prunus amygdalus var. amara essential oil; 
Treatment-3: cell culture containing 100 mM morphine 
and 10 μg of Prunus amygdalus var. amara essential oil; 
Treatment-4: cell culture containing 100 mM morphine 
and 20 μg of Prunus amygdalus var. amara essential oil; 
Treatment-5: cell culture containing 100 mM morphine 
and 40 μg of Prunus amygdalus var. amara essential oil; 
Treatment-6: cell culture containing 100 mM morphine 
and 80 μg of Prunus amygdalus var. amara essential 
oil; and Treatment-7: cell culture containing 100 mM 
morphine and 160 μg of Prunus amygdalus var amara 
essential oil.

Cell viability
Cell viability was measured by Trypan blue 0.4% 

solution. The cells were plated in 96-well cell culture 
plates for 12 h at a density of 5×104 cells/ml. Then, the 
cells were incubated at 37 ºC in 5% CO2 for 48 h.  So 
the cells were trypsinized and 20 μl of Trypan blue 0.4% 
was added to 100 μl of cell suspension. Viability of the 
cells was measured 1-2 minutes after suspension under 
Neubauer chamber. The cell viability is equal to the 
division of the number of uncolored cells by the total 
number of cells [14].

Cell proliferation
Different treatments incubated by 5 mgr/ml of MTT 

powder (sigma) for 3 h.  The formazan crystals were 
dissolved by 100 μL of DMSO for 30 minutes at room 
temperature. Then 200μl of DMSO was added to each 
well, and an ELIZA Reader reported the absorption of 
different treatments in 570 nm with a reference of 630 
nm [15].  

Cell cytotoxicity
In this study, LDH cytotoxicity kit was used for 

measurement of the cell cytotoxicity through the 
company’s protocol. At first, the cells were plated in 24 
well culture plates in density of 1×104 cells/mL for 12 h. 
Then, the cells exposed to different treatments for 48 h. 
ELISA Reader (EL800; USA) measured the absorbance of 
samples at 490 nm which indicates the LDH activity. The 
references wavelength should be more than 600 nm [16].

Cell death index
An in situ cell death detection kit (Roche) was used to 

TUNEL staining tests. This test measures the cell death 
index and apoptosis in different treatments. The TUNEL 
positive cells were counted by an Olympus AX-70 
fluorescent microscope in eight random wells in fixed 
PC12 cells. The ratio of the number of apoptotic cells to 
the number of total cells indicates the cell death index [17].
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Results

Chemical analysis
The essential oil yield of Prunus amygdalus var. 

amara was 6.99 (21.18 mL), calculated on the fresh 
seeds of plant. Overall, fourteen compounds, including 
1,3-Xylene, Tetradecane, 1,4-Xylene, Dodecane, 1-Ethyl-
3-methyl-benzene, Hexadecane, Mesitylene, Eicosane, 
Benzaldehyde, Dodecyl aldehyde, Benzyl alcohol, Benzyl 
cyanide, 3,5-Di-tert-butylphenol,  and Benzoic acid were 
identified in the essential oil of Prunus amygdalus var. 
amara using GC-MS (Table 1). Benzaldehyde (41.9.0%) 
and Benzoic acid (22.9 %) were the most frequently 
detected compounds.  

Viability of the cells
We measured the cell viability of different treatments 

through trypan blue, after 48h. The cell viability of the 
morphine group was 0% and for treatments 1-7 it was 
higher than the morphine group by intragroup significance 
(p<0.05). The cell viability of treatment-7 was similar to 
the control group but for treatments 1-6 it was lower than 
control treatment significantly (Figure 1).

Cell proliferation
In this study, the cell proliferation of different 

treatments was assessed through the MTT test after 48 h. 
Morphine totally suppressed the cell proliferation in the 
morphine group and the cell proliferation of treatments 
1-7 was higher than the morphine group. Significant 
intragroup difference was observed between treatments 
1-7 in terms of cell proliferation (p<0.05) (Figure 2).

Cytotoxicity of the cells
LDH kit results after 48h showed a cell cytotoxicity 

of 0% for the morphine group. Additionally, these results 
revealed that the cell cytotoxicity of treatments 1-7 
were significantly lower than the morphine group and 
higher than the control group. A significant interg group 

Nitric oxide test
In this study, we used the Griess reaction for the 

measurement of NO production amount in different 
treatments, after 48 h [18].

Secretion of anti-inflammatory and anti-inflammatory 
cytokines 

Rat inflammatory cytokine assay kit, Rat Kit V-Plex 
was used for the measurement of pre-inflammatory 
cytokines IL-1β, IL-6, INFγ, and TNFα in different 
treatments, after 48 h. 

Mitochondrial membrane potential (MMP)
Rhodamine 123 (sigma) detected the potential changes 

in the mitochondrial membrane of different treatments 
after 48 h. In this regard, 10 mg/ml rhodamine-123 was 
used for each treatment for half an hour. Then, the cells 
were washed by PBS and 900 μl triton-x100 (sigma) was 
added to each treatment for 2 h in 4ºC. Continuing, the 
cells were centrifuged at 130000 rpm for 15 min. Finally, 
the cells were moved to a fluorescence microplate reader 
for measurement of fluorescence at 488 nm excitation and 
520 nm emission wavelength [19].  

Caspase-3 activity
Activity of Caspase-3 indicates apoptosis occurrence. 

In this study, the Caspase-3 Colorimetric Assay Kit and 
Biotek (USA) Spectrophotometer were used to determine 
of Caspase-3 activity, through the company’s protocol 
[20].

Statistical analysis of results
In this study, statistical analyzes were performed using 

ANOVA and T-tests. In all cases, the P value of less than 
0.05 was considered statistically significant.

Figure 1. Viability of the Cell Treated by Morphine and Prunus amygdalus var. amara Essential Oil after 48 h. 
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Figure 2. Proliferation of the Cell after 48 h Treatment by Morphine and Prunus amygdalus var. amara Essential Oil. 

difference was observed in terms of cell cytotoxicity 
(p<0.05) (Figure 3).

DNA fragmentation and apoptosis: Cell death index
The DNA fragmentation indicates the apoptosis 

and determines the cell death index parameter. The 
images of the TUNEL test which were taken in different 
treatments after 48 h revealed that in the morphine 
group all the cell were exposed to DNA fragmentation 
and apoptosis, so the cell death index in this group was 
100%. DNA fragmentation in treatments 1-7 was lower 
than the morphine group significantly. A significant interg 
groupdifference was observed in terms of cell death index 
(p<0.05) (Figure 4).

Nitric oxide production 
In this study, we used Griess reaction assay to measure 

of nitric oxide (NO) production in different treatments 
after 48h. The results revealed that the concentration of 
NO in the morphine group was significantly higher than 
treatments 1-7. Concentration of NO in treatments 1-7 was 
lower than the control group with intragroup significant 
difference (p<0.05) (Figure 5).

Inflammatory cytokines
The concentration of IL-1β, IL-6, INF-γ, and TNF-α 

inflammatory cytokines in treatments 1-7 were lower than 
the morphine group and higher than the control group. 
An intra-group significant difference was observed in the 
concentration of these inflammatory cytokines during 
treatments 1-7 (p<0.05) (Supplementary Figure 1).

Mitochondrial membrane potential
In this study, we used rhodamine 123 for detection of 

mitochondrial membrane potential in different treatments 
after 48h. The results revealed that mitochondrial 
membrane potential of treatments 1-7 was higher than 
the morphine group and lower than the control group by 
significant intragroup difference (p<0.05) (Supplementary 
Figure 2).  

No. Compound RT RI Percent 
1 1,3-Xylene 4.684 756 2.6
2 Tetradecane 4.987 794 1.1
3 1,4-Xylene 5.352 864 1.3
4 Dodecane 5.561 894 2.4
5 1-Ethyl-3-methyl-benzene 6.093 975 1.9
6 Hexadecane 6.304 1007 5.3
7 Mesitylene 7.197 1165 2.3
8 Eicosane 10.572 1354 3.1
9 Benzaldehyde 11.913 1500 41.9
10 Dodecyl aldehyde 14.687 1564 1.9
11 Benzyl alcohol 16.784 1721 2.2
12 Benzyl cyanide 17.487 1801 1.8
13 3,5-Di-tert-butylphenol 21.009 2017 1.9
14 Benzoic acid 22.796 2159 29.9
Total 99.6

Table 1. Identified Main Composition of the Essential 
Oil of Bitter Almond Seeds Using Gas Chromatography 
Mass Spectrometry Method

RI, (Retention index); RT, (Retention time). 

Caspas-3 activity: apoptosis
The activity of Caspase-3 indicates apoptosis 

occurrence. This parameter in treatments 1-7 was lower 
than the morphine group and higher than the control 
group. A significant intra-group difference was observed 
in treatment 1-7 (p<0.05).

Discussion

Opiates provoke apoptosis in central nervous system 
cells [21]. Morphine is an opioid which is used in the 
treatment of acute and chronic pain. It acts directly on 
the central nervous system [22, 23]. Previous studies 
showed that morphine, as an opiate, reduces the cell 
proliferation and neurogenesis in the hippocampus of 
adult rats. A study confirmed that neuronal phenotypes 
altered in the dentate gyrus-CA3 region when exposed 



Asian Pacific Journal of Cancer Prevention, Vol 27 75

DOI:10.31557/APJCP.2026.27.1.71
The Effect of Prunus amygdalus var. amara Essential Oil on Suppressing Morphine-Induced Cell Death

Figure 3. Cytotoxicity of the Cell Treated by Morphine and Prunus amygdalus var. amara Essential Oil after 48h. 

Figure 4. Death Index of the Cell Treated by Morphine and Prunus amygdalus var. amara Essential Oil after 48 h. 

to morphine chronically [24, 6]. Because of apoptosis 
blocked by naloxone, a powerful theory is that morphine 
induces apoptosis in microglia and neurons through a 
mechanism which applies to an opiate-receptor [25, 26]. 
Overexpression of p53 and Bax proteins was observed in 
morphine-treated cells [27]. In addition, evidence shows 
that morphine induces apoptosis through activation of 
Caspase-3 [28]. In our study, morphine suppressed cell 
viability of PC12 cells through effects on different cellular 
parameters. It enhanced cell cytotoxicity and cell death 
index. DNA fragmentation or apoptosis is increased by 
morphine in neuron-like PC12 cells. An increase in NO 
production and mitochondrial membrane potential which 
are observed in the presence of morphine might lead to 
activation of Caspase-3 and starting the apoptosis. 

LuXiao et al. reported 58 volatiles in raw and in roasted 
almonds through an HS-SPME GC/MS method [29]. 
S.K. Sathe et al. analyzed fatty acids of eight cultivars of 
almond from different counties of California by CG-MS. 

They showed that oleic and linoleic together account for 
91.16% to 94.29% of the total soluble lipids. Palmitic 
and α‐linolenic were the other important lipids [30]. In 
a previous study, K. Pićurić‐Jovanović et al. analyzed 
the composition of almond by headspace sampling, gas 
chromatography and mass spectrometry and revealed 
that benzene,n‐alkanes, cycloalkanes, aromatics and 
furan compounds are the most important components 
[31]. Amygdalin as a cyanogenic diglucoside is a toxic 
compound for animals and its content determines the 
bitterness or sweetness of almond kernel [32, 33]. 
Huiling Geng et al. identified Twenty-one different 
components in the analysis of bitter almond through 
CG-MS. The Benzaldehyde had the highest amount 
and then Benzoic acid and Hexadecane were the most 
frequent components. They revealed that bitter almond 
oil has antifungal effects [34]. In this study, we analyzed 
the components of Prunus amygdalus var. amara or 
bitter almond essential oil by GC-MS. Benzaldehyde 
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Figure 5. Production of NO in Cell Treated by Morphine and Prunus amygdalus var. amara Essential Oil after 48 h. 

and Benzoic acid were the most frequent components in 
Prunus amygdalus var. amara essential oil which confirms 
previous studies [35]. In this study, we analyzed the effects 
of Prunus amygdalus var. amara essential oil, in different 
concentrations, on inhibition of cell death in PC12 cells 
which were exposed to high concentrations of morphine. 
Our observations revealed that this oil can reduce cell 
cytotoxicity and enhance cell viability. It suppressed NO 
and inflammatory cytokine production. It also inhibited 
the DNA fragmentation and activation of Caspase-3 
which indicates apoptosis. These events might be due 
to properties of the most frequent component of Prunus 
amygdalus var. amara essential oil.

The Benzaldehyde comes from amygdalin breakdown 
and can condense for production of 7-benzylidenenaltrexone 
(BNTX, 1a) the most important antagonist of δ-opioid 
[36-38]. 

In this study, we concluded that Prunus amygdalus var. 
amara essential oil can inhibit the cell death of neuron-
like PC12 cells by high doses of morphine. These events 
confirmed by reduction of cell cytotoxicity and enhance 
the cell viability and proliferation of Prunus amygdalus 
var. amara essential oil. A high dose of morphine induces 
the production of NO, IL-1β, IL-6, INF-γ, and TNF-α 
inflammatory cytokines. It also, disrupts the mitochondrial 
membrane and activates the apoptosis through Caspase-3 
activation, but Prunus amygdalus var. amara essential oil 
suppresses these pathways in a dose-dependent manner. 
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