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Cancers are one of the major causes of death, and the development of new
medicine using advanced technologies such as nanotechnology has thus received
more attention. Rosmarinus officinalis as a common medicinal plant possess
many biological effects, such as anticancer effects. This study investigated
the chemical compositions of its essential oil using GC-MS analysis. Alpha-
pinene (24.0%), eucalyptol (16.99%), verbenone (8.79%), L-borneol (7.79%),
and camphor (6.87%) were the five major compounds. After that, alginate
nanoparticles containing a-pinene (major compound) and R. officinalis essential
oil were prepared with particle sizes of 137 + 8 and 151 + 7. Besides, successful
loading of a-pinene or the essential oil in nanoparticles was confirmed using ATR-
FTIR analysis. The efficacy (IC50) of alginate nanoparticles containing a-pinene
against A-375 and MCF-7 were 582 (179-1886) ug/mL and 94 (47-187) ug/mL.
These values for alginate nanoparticles containing R. officinalis essential oil were
obtained as 807 (470-1383) pg/mL and 235 (168-328) pug/mL. Moreover, RT-PCR
results show that the Bcl2 (anti-apoptotic gene) level in MCF-7 treated cells with
alginate nanoparticles containing R. officinalis essential oil was higher than Bax
(apoptotic gene); another cell death pathway rather than apoptosis was involved.
Considering the proper efficacy of alginate nanoparticles containing the essential
oil or a-pinene, especially against MCF-7 cells, they could be considered for
further investigation in vivo.
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INTRODUCTION

Cancers were cause of about 10 million deaths
only in 2020; it was 1 in six total death [1]. Breast
cancer, with a 30% rate, is the most common cancer
in women worldwide, and ~ 13% of cancers are
related to skin cancer [2, 3]. Melanoma is the most
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aggressive and deadly skin cancer, accounting
for 75% of skin cancer deaths [4, 5]. Moreover,
melanoma is a new disease exacerbated by the
migration of people with fair skin to more tropical
regions and longer exposure to sunlight [5, 6].

The side effects of chemotherapy drugs and the
emergence of resistance against them have drawn
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attention to developing new drugs, especially from
herbal sources [7, 8]. However, in vitro models are still
important in developing new drugs due to the strict
rules of working with animals. MCF?7 breast cancer
cell line with high expression of hormone receptors
(androgen, progesterone, and glucocorticoid) is the
most selected model in research [9, 10]. Besides,
they maintain characteristics similar to mammary
epithelium; the cells forming domes and the
epithelial-like cells grow in monolayers when grown
in vitro [11, 12]. Furthermore, among 42 melanoma
cell lines at the transcriptome level, A-375 cells are
studied more due to aggressive behavior and low
sensitivity to chemotherapy [13, 14].

Rosmarinus officinalis (rosemary) is widely used
in headache treatment, physical and mental fatigue,
inflammatory diseases, and poor blood circulation
[15, 16]. The different biological properties of its
essential oil (EO), such as anticancer, antibacterial,
and antifungal activity, have also been reported [16,
17]. Moreover, a-pinene is the major component
of rosemary EO, a well-known monoterpene with
many biological effects such as anticancer effect,
anti-inflammatory effect, and antioxidant effect
[18]. Studies have shown terpenes are the most
effective molecules against tumor growth, followed
by triterpenoids [19]. However, EOs (e.g., rosemary
EO) and their effective compounds (e.g., a-pinene)
are hydrophobic and must be formulated to use
them. Developing nanostructures containing EOs
or natural compounds has recently received more
attention as an approach to stability and efficacy
improvements [20, 21]. Alginate is a hydrophilic
biopolymer with proper biodegradability and
biocompatibility features [22, 23]. Alginate
nanoparticles have been widely wused in
pharmaceutical and biomedical researches such as
antimicrobial products, tissue engineering, cancer
treatment, and drug and gene delivery [22, 24]. To
the authors’ best knowledge, alginate nanoparticles
containing rosemary EO and a-pinene were not
reported; this study thus prepared them. After that,
a comprehensive comparison was carried out on
their cytotoxicity on human breast and melanoma
cancer cell lines (MCF-7 and A-375). Besides
their effects on apoptotic-involved genes, B-cell
lymphoma protein 2 (Bcl,) associated X (Bax) and
Bcl2 were investigated using RT-PCR.

MATERIALS AND METHODS

Materials
The calcium dichloride (C5670), alginate

302

powder (w201502), and a-pinene (147524; 98%
purity), MTT, and PBS tablets were purchased
from Sigma-Aldrich (USA). A-375 and MCF-
7 cell lines (ATCC = CRL-1619 and HTB-22)
were purchesed from the Pasteur Institute (Iran).
DMSO, DMEM cell medium culture, Penicillin-
streptomycin, and Trypsin-EDTA were ordered
from Shellmax (China). FBS was bought from
Gibco (USA). Rosemary EO was obtained from
Tabib Daru Pharmaceutical Company (Iran); they
have dedicated medicinal plant cultivation farms.
Trizol RNA extraction and cDNA synthesis Kkits
were purchased from Yekta Tajhiz Company (Iran).
Real Q plus 2x master mix Green high ROX kit
was purchased from Ampliqon (Denmark). The
designed primers were ordered from Pishgam
Biotech (Iran).

Chemical composition of rosemary EO using GC-MS
analysis

The chemical composition of rosemary EO
was investigated using a 6890 gas chromatography
system coupled with a 5973 network mass selective
detector (Agilent Technologies, USA). For the
separation of compounds, HP-5MS silica fused
column (60 m length, 0.25 mm id, and film
thickness was 0.25 uM) was used as described in
our previous report [25].

Preparation and characterizations of alginate
nanoparticles

A defined amounts of a-pinene and rosemary
EO (0.16% w/v) and tween 20 as emulsifiers (0.2%
w/v) were mixed for 3 min at 2000 rpm. Next, 2.5
mL Alginate aqueous solution 0.25% w/v was drop
wisely added and mixed for another 3 min. After
that, 2.5 mL calcium dichloride 0.1% w/v was added
and stirred for 40 min to complete the cross-linking
process. Besides, free alginate nanoparticles was
prepared in the same approach, without a-pinene
and rosemary EO. The prepared nanoparticles were
named Alg-pinene, Alg-rosemary, and Alg-free;
they were used for further characterization and
biological investigations.

A dynamic light scattering (DLS) device (K-one
Ltd. Korea) measured the mean size of nanoparticles.
D90 — D10 D50 calculated the nanoparticle size
distribution (SPAN). D is diameter, and 10, 50, and
90 are percentages of nanoparticles with smaller
sizes than these specified points. Particle size < 200
nm and SPAN < 1 are optimal size characteristics
[26].
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ATR-FTIR (Attenuated Total Reflection
Fourier Transform Infrared) analysis was used for
the confirmation of the loading of a-pinene and
rosemary EO in nanoparticles. For this purpose,
the spectra a-pinene, rosemary EO, Alg-free,
Alg-pinene, and Alg-rosemary were recorded at
400-4000 cm™. The samples were subjected to the
spectrometer device (Tensor II, Bruker Company,
Germany) without sample modifications.

Investigation of cytotoxicity of nanoparticles on
A-375 and MCF-7 cells

The cytotoxicity of Alg-Pinene and Alg-
rosemary against A-375 and MCF-7 was
investigated using MTT assay. Briefly, the cultured
cells in a complete DMEM medium (i.e., enriched
with 1% penicillin and streptomycin and 10%
FBS) were first seeded (10000 cells/well) in 96 well
plates, incubated overnight for attachment, and
reached 80% confluence. Liquid contents were
then replaced with 50 pL fresh complete DMEM
medium and treated with 50 uL of Alg-Pinene
and Alg-rosemary with concentrations of 50, 100,
200, 400, and 800 pg/mL. Six well/plates were
considered control and negative control groups;
50 uL of DMEM and Alg-free were added. After 24
h incubation, liquid contents were replaced with
100 pL of MTT solution (0.5 mg/mL) dissolved in
DMEM. After 4 h incubation, formazan crystals
were dissolved by adding DMSO (100 pL/well). The
absorbance of all wells was read at 570 nm using a
plate reader (SYNERGY, HTX, multi-mode reader,
BioTek Instruments, USA). The viability of cells at
each concentration was calculated using Equation
1. The test was repeated three times (n=3), and the
results are expressed as mean + SD.

Cell viability = (Absorbance
Absorbance control) x 100 (1)

sample /

Investigation of effects of nanoparticles on apoptotic
genes

The cells were seeded in 6 well plates overnight,
as described above. Alg-Pinene and Alg-rosemary
were added to wells (400 pg/mL) and incubated for
24 h. Total RNAs were extracted from cells using
the Trizol RNA extraction Kit. After quantification
of extracted RNA using Nano-drop (SYNERGY,
HTX, multi-mode reader, BioTek Instruments,
USA), cDNA was synthesized according to the
manufacturer’s protocols. The RT-PCR reaction
was performed to analyze Bax and Bcl2 apoptotic
genes and the expression of p-actin (a housekeeping
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gene). Ten pL of master mix, 1 pL of the mixture of
forward and reverse primers, 1 pL of the synthesized
cDNA, and 8 uL of DEPC water were injected into
a microtube and inserted into an RT-PCR device
(Step One Plus Real-Time PCR machine, AB
Applied Biosystems, Germany). Equation 244¢T
was used for normalizations; the results were
expressed as fold change compared with untreated
cells. The test was repeated three times (n=3), and
the results are expressed as mean + SD.

The sequence of used primers is as follows.
Bax forward: 5 CCC GAG AGG TCT TTT TCC
GAG 3, Bax reverse: 5 CCA GCC CAT GAT
GGT TCT GAT. BcL2 forward: 5 CGG TTC AGG
TAC TCA GTC ATCC 3, BcL2 reverse: 5 GGT
GGG GTC ATG TGT GTGG 3. B-actin forward:
5 CCTGCTTGCTGATCCACATCT 3, p-actin
reverse: 5 TTCCTCCTGAGCGCAAGTAC 3.

RESULTS

Identified compounds in rosemary EO
Twenty-seven identified compounds in

rosemary EO are given in Table 1. Alpha-pinene

(24.0%), eucalyptol (16.99%), verbenone (8.79%),

L-borneol (7.79%), and camphor (6.87%) were the

five major compounds.

Physicochemical properties of nanoparticles

DLS profiles of Alg-pinene (137 + 8 nm) and
Alg-rosemary EO (151 + 7 nm) are shown in Fig.
1. SPAN values were obtained as 0.96 and 0.97,
so their narrow particle size distributions were
confirmed.

The spectrum of a-pinene EO (Fig. 2A) shows
different bands related to C-H, C=C, CH, and
CH, vibrations. The characteristic absorption
bands between 3024-3834 cm™ are attributed to
=C-H and C-H stretching vibrations. Besides, the
bands at 1658, 1469-1364, and 786 cm™ might be
assigned to C=C stretching, CH, and CH, bending,
as well as out-of-plan (oop) C=C bending modes,
respectively.

The ATR-FTIR spectrum of rosemary EO
showed some characteristic key bands (Fig. 2 B).
The band around 3446 cm™ is attributed to hydroxy
groups of rosemary EO, indicating Terpineol as
one of the main components of rosemary EO. The
characteristic bands around 2950-2834 cm™ are
assigned to =C-H and C-H stretching modes, and
the ones at 1743, 1716, 1675, and 1618 cm™ might
be attributed to C=0 and C=C stretching modes.
The relatively strong bands around 1446 and 1364
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Table 1. Identified compounds in rosemary EO using GC-MS analysis

Number Retention time Compound % KI* Type
1 10.84 tricyclene 0.38 924 SH®
2 11.44 a-pinene 24.00 936 MH €
3 12.28 camphene 6.49 953 MH
4 13.71 B-pinene 1.06 982 MH
5 14.29 myrcene 1.86 993 MH
6 16.28 o-cymene 2.96 1033 SH
7 16.45 limonene 4.31 1036 MH
8 16.65 eucalyptol 16.99 1039 MOP
9 20.19 linalool 2.64 1108 MO
10 2141 chrysanthenone 0.26 1133 MO
11 22.40 trans-pinocarveol 0.26 1152 MO
12 22.82 camphor 6.87 1161 MO
13 23.44 trans-pinocamphone 0.60 1173 MO
14 24.07 1-borneol 7.79 1186 MO
15 24.27 isopinocamphone 0.74 1190 MO
16 24.37 terpinene-4-ol 1.05 1192 MO
17 24.89 p-cymen-4-ol 0.20 1203 MO
18 25.19 a-terpineol 2.82 1209 MO
19 25.90 l-verbenone 8.79 1224 MO
20 27.63 geraniol 1.81 1261 MO
21 29.16 trans-bornyl acetate 2.45 1293 MO
22 31.98 piperitenone 0.17 1356 MO
23 33.30 geranyl acetate 0.15 1386 MO
24 34.59 methyleugenol 0.21 1416 other
25 35.10 caryophyllene 1.06 1428 SH
26 36.65 humulene 0.20 1465 SH
27 41.96 caryophyllene oxide 0.91 1597 SOE

Total identified 97.01

A: Kovats retention Index, B: Sesquiterpene Hydrocarbons, C: Monoterpene Hydrocarbons, D: Oxygenated Monoterpenes,
E: Oxygenated Sesquiterpenes
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Fig. 1. DLS profiles of A) alginate nanoparticles containing a-pinene (Alg-pinene) with a mean particle size of 137 + 8 nm and B) algi-
nate nanoparticles containing rosemary EO (Alg-rosemary) with a mean particle size of 151 + 7 nm
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Fig. 2. ATR-FTIR spectra of A) a- pinene, B) rosemary EO, C) Alg-free, D) Alg-pinene, E) Alg-rosemary

cm belong to bending modes of CH2 and CH3 and
C=C vibration modes. The presence of C-O bonds
was confirmed by observing bands around 1266-
1053 cm™. Moreover, the C-H oop bending modes
appeared at 984-784 cm™. These bands indicate that
1,8-cineole and a- pinene are the main components
of rosemary EO.

The ATR-FTIR spectrum of the Alg-free formed
from the tween 20, alginate sodium, and CaCl2 has
been shown in Fig. 2C. The broad band around 3450
cm ranged corresponding to hydroxy stretching
and hydrogen bonding. The various bands around

Nanomed Res J 8(3): 301-310, Summer 2023
(&

2992-2870, 1604, 1417, and 1089 cm™ belong to the
C-H stretching, asymmetric and symmetric COO
vibrations, and deformation of C-OH and C-O-C
vibrations, respectively.

By incorporating a- pinene into Alg-free, the
O-H vibrations were observed as a broad band
around 3526 cm-1, and those bands related to
C-H stretching vibrations appeared around 2923-
2842 cm™. Compared with Alg-free spectra, some
changes were observed around 3705-2842 cm’,
suggesting some interaction between Alg-free and
a-pinene. The characteristic absorption bands of
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Fig. 3. Viability of A-375 cells after 24 hours of exposure to alginate nanoparticles containing a-pinene and rosemary EO (Alg-pinene
and Alg-rosemary). *: P < 0.05

Alg-free and a-pinene are seen at 1735, 1604 cm’!,
1464, 1417, and 1342 cm™, corresponding to C=0
and C=C stretching and CH, CH, bending modes.
The relatively strong band around 1098 cm™ relates
to C-O stretching and C-OH deformation (Fig.
2D).

The spectrum of Alg-free after rosemary
EO incorporation was similar to Alg-free slight
difference in wave number and the width of the
peaks. Two broad bands at 3685 and 3526 cm™
are assigned to OH groups of both rosemary EO
and Alg-free, as well as hydrogen bonding. After
treatment with rosemary EO, the C-H stretching
bands shift and overlap, creating a relatively strong
band at 2935 and 2850 cm. Different bands
between 1735-1248 cm™ are attributed to C=0 and
C=C stretching, CH, and CH, bending, and C-O
stretching modes, while the strong band at 1079
cm™ is assigned to C-O vibrations, and the weak one
at 938 cm™ might be assigned to C-H oop bending
modes. These changes could prove that rosemary
EO is loaded into Alg-free (Fig. 2E).

The cytotoxicity of nanoparticles on A-375 and
MCEF-7 cells

As shown in Fig. 3, the Alg-free did not
significantly affect A-375 cells compared to the
control group (P > 0.05). The cytotoxicity effects
of Alg-pinene and Alg-rosemary were dose-
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dependent. Besides, cell viability after treatment
with Alg-pinene (800 pg/mL) was significantly
lower (P = 0.011) than cells treated with Alg-
rosemary (800 ug/mL). However, at concentrations
of 400, 200, 100, and 50 pg/mL, no significant
difference (P > 0.05) was observed between
cell viability after treatment with the samples.
Moreover, the efficacy of Alg-pinene with IC50
582 pg/mL (179-1886) showed more potency than
Alg- rosemary with IC50 807 pg/mL (470-1383;
however, this difference was not significant (P >
0.05).

Effects of Alg-pinene and Alg-rosemary on
MCEF-7 cell viability are shown in Fig. 4. There is
no significant difference was observed between
cell viability in control group cells (untreated) and
Alg-free treated cells (P > 0.05). The efficacy of Alg-
pinene in reducing cell viability in concentrations
of 50 (P = 0.002), 100 (P < 0.001), and 200 (P <
0.001) pg/mL was significantly more potent than
Alg-rosemary. However, at concentrations of 400
(P =0.003) and 800 (P < 0.001) ug/mL, the efficacy
of Alg-rosemary was significantly more potent
than Alg-pinene. Interestingly, 94% of MCF-7 cell
viability was decreased after treatment with 800
ug/mL Alg-rosemary. Furthermore, no significant
difference (P > 0.05) was between IC50 values of
Alg-pinene and Alg-rosemary; 94 pug/mL (47-187)
and 235 ug/mL (168-328).
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Fig. 4. Viability of MCF-7 cells after 24 hours of exposure to alginate nanoparticles containing a-pinene and rosemary EO (Alg-pinene
and Alg-rosemary). **: P < 0.01 and ***: P < 0.001
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Fig. 5. Effects of 400 ug/mL of alginate nanoparticles containing a-pinene and rosemary EO (24 hours exposure) on apoptotic involved
genes in A) A-375 and B) MCF?7 cells

Effects of nanoparticles on apoptotic genes

The effects of Alg-pinene and Alg-rosemary
on Bcl2 and Bax genes expression compared with
untreated in A-375 cells is depicted in Fig. 5A. Bax/
Bcl-2 ratio in both treated cells is more than 1, so
their effects could be confirmed concerning the
apoptotic pathway. Besides, the samples’ effects on
MCE-7 cells are depicted in Fig. 5B. Again, Bax/
Bcl-2 ratio in Alg-pinene-treated cells is more than

Nanomed Res J 8(3): 301-310, Summer 2023
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1. However, this ratio in Alg-rosemary-treated cells
is less than 1; it seems another cell death pathway
rather than apoptosis was involved.

DISCUSSIONS

Rosemary EO possess many pharmacological
effects, such as anti-inflammatory, antioxidant,
antimicrobial, hepatoprotective, antispasmodic,
anticarcinogenic, and antitumorigenic
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properties [27]. Also, a-pinene with wide range
of pharmacological activities such as anti-
inflammatory, antioxidant, and anticancer effects
has known as an effective component of rosemary
EO [18]. This study investigated the anticancer
activity of Alg-pinene and Alg-rosemary on
melanoma and breast cancer cells. The results
showed that the efficacy of Alg-pinene was higher
than Alg-rosemary, although this difference
was not significant. Investigating whether the
efficacy of nanoparticles containing EO is better
or nanoparticles containing the main compounds
is one of the hot research fields in the world, and
there is still no definitive conclusion. For instance,
the cytotoxic effects of chitosan nanoparticles
containing Cinnamomum verum EO and its major
compound, i.e., cinnamaldehyde against A-375
and MDA-MB-468 cell lines, were investigated.
Nanoparticles containing the EO with IC50 values
of 79 and 112 pg/mL were more potent than
cinnamaldehyde nanoparticles (135 and 166 pg/
mL)[28]. Another study investigated the cytotoxic
effects of chitosan nanoparticles containing
carvone and two carvone-reach EOs, including
Mentha spicata and Tanacetum balsamita, against
A-375 cells. Chitosan nanoparticles containing
T. balsamita with IC50 value 85 pg/mL was more
potent than nanoparticle containing -carvone
(IC50 99 pg/mL) and -M. spicata EO (IC50 113
pug/mL)[29]. In another study, the efficacy of
chitosan nanoparticles containing clove EO and
the major component (eugenol) against A-375
cells was almost equal; 73 and 79 pg/mL. However,
the efficacy of chitosan nanoparticles containing
eugenol against MDA-MB-468 cells was more
potent than those containing clove EO; IC50 values
were 51 and 177 pg/mL [30]. In another study,
the IC50 of chitosan nanoparticles containing
limonene (30 pg/mL) against A-375 was reported
to be more effective than Citrus aurantium EO
(55 ug/mL). However, its efficacy was reported to
be lower than that of another limonene-reach EO,
i.e., Citrus limon with IC50 0.12 ug/mL [31]. These
reports can be summarized as saying that EOs have
selective effects on cells, which are independent of
the effects of their main compound.

Furthermore, to clarify the anticancer
mechanism of the alginate nanoparticles, the
expression ratio of two apoptotic-involved genes,
Bax and Bcl2, were investigated in the current
study. Apoptosis is a biologically programmed cell
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death that is critical in homeostasis, development,
and stress condition [32]. Macrophages feed these
dead cells, and to keep homeostasis, other similar
cells are generated [33]. The Bax and Bcl, genes
function as promoters and inhibitors of apoptosis,
respectively, controlling cell life or death. Bax and
Bcl2 are prognostic markers in various cancers [34].
Inducing apoptosis in normal cells signals death;
however, in cancer cells, this pathway is impaired
[35]. In the current study, the level of Bax in Alg-
pinene-treated A-375 and MCF-7 cells was more
than Bcl2, which was the reason for apoptosis.
Recent studies have demonstrated that a-pinene
can exert its antitumor activity by inducing
apoptosis or cell cycle arrest [36, 37]. However,
the level of Bcl-2 in Alg-rosemary-treated MCF-
7 cells was higher than Bax in the current study;
the sample caused the apoptosis pathway to not be
activated in this cell. Noted that, Bax/Bcl-2 ratio >1
is a significant criteeia in apoptosis patway.
Furthermore, the number of distinct energy-
dependent processes, such as autophagy, apoptosis,
and pyroptosis, or energy-independent processes,
such as necrosis and oncosis, could influence cell
death [38]. Literature suggested that treatment
with rosemary EO in some cell lines increased the
intracellular ROS (reactive oxygen species) thatlead
to necrosis cell death. Moreover, the morphological
microscopy observation of rosemary EO-treated
cells emphasizes necrosis rather than the apoptosis
mechanism [39, 40]. In the current study, cell
viability decreased after treatment with Alg-
rosemary; however, the Bax/Bcl-2 ratio was less
than 1, which is consistent with what is mentioned
in the literature. However, more study is needed to
understand the cell death pathway better.

CONCLUSION

The chemical composition results showed that
a-pinene was the major compound of R. officinalis
EO. Alginate nanoparticles containing a-pinene
and rosemary EO were prepared, and their
physicochemical properties were characterized
using DLS and ATR-FTIR analyses. Their potency
against human breast and melanoma cancer cells
(MCF-7 and A-375) was compared; no significant
differences were not observed. Their efficacy with
IC50 values of 94 and 235 pg/mL against MCF-7
was promising. Therefore, they could be considered
for further investigations to find the pathway of
their effects.
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