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Abstract: Cancers were the first cause of death in 2020; breast and skin are two common cancers 

worldwide. The most common cancer treatment approach is still chemotherapy; however, as side effects 

and multidrug resistance, the development of green nano drugs has received much attention. In this 

study, the chemical composition of Mentha spicata and Tanacetum balsamita essential oils was first 

investigated. The anticancer effects of them and carvone (as their major ingredients) were then 

evaluated on human melanoma (A375) and breast cancer (MDA-MB468) cells. After that, an attempt 

was made to improve their efficacies by preparing chitosan nanoparticles containing each of them. The 

efficacies of nanoformulations showed a significant improvement (p < 0.05) compared to their non-

formulated states. The best-observed potency was related to chitosan nanoparticles containing T. 

balsamita essential oil with a particle size of 195 ± 7 nm; IC50 values against A375 and MDA-MB468 

were observed at 85.3 and 240.1 µg/mL. Thus, the nanoformulation with green ingredients could be 

considered a proper candidate for further consideration in vivo studies. 
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1. Introduction 

Cancer with around 10 million deaths is a leading cause of death worldwide in 2020 [1, 

2]. Breast cancer with 2.26 million cases and skin cancer (non-melanoma and melanoma) with 

around 1.5 million are the first and fifth common types of cancer [3]. Besides, they caused 

685000 and 121000 death only in 2020 [3, 4]. Despite the rising cancer rate, common treatment 

approaches like chemotherapy, surgery, and radiotherapy were underdeveloped; they also have 

side effects [5, 6]. Therefore, the development of new anticancer agents is crucial. 

The use of plant-derived substances, especially essential oils (EOs), is a promising 

approach for bypassing the side effects of chemotherapy agents [7]. However, the efficacy of 

EOs is generally less than synthetic drugs. The preparation of nanostructures containing EOs 

(nanofibers, nanoparticles, and lipid nanocarriers) has thus been recently proposed as a 
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practical solution to improve their efficacies [8, 9]. Nowadays, chitosan nanoparticles, as a 

naturally biocompatible and biodegradable polymer, have been widely used in drug delivery 

studies [10, 11]. For instance, chitosan nanoparticles containing Torreya grandis EO with a 

particle size of 349.6 nm were proposed; it showed a more potent antibacterial agent than non-

formulated EO [12]. In another research, Carum copticum EO was successfully loaded in 

chitosan nanoparticles with 30-80 nm diameter; the nanoparticles showed more antioxidant 

effect than EO [13]. 

Mentha spicata L. and Tanacetum balsamita  L. are two important medicinal plants with 

a broad range of biological effects [7, 14]. For instance, M. spicata is used as a diuretic, 

antispasmodic, and anti-flatulent and controls respiratory and gastrointestinal ailments [15]. 

Some previous studies also reported antiproliferative effects of M. spicata on particular breast 

cancer cell lines (e.g., MCF7, Wehi-16, U937, and KB), fibrosarcoma, leukemic monocyte, 

and mouth epidermal carcinoma [16-19]. Moreover, anticancer effects (LD50) of M. spicata 

EO against different human-derived tumor cell lines, including T47D, HCT116, and MCF7, 

were reported at 324, 279, and 975 (μg/mL) [20]. Also, Bradaweel et al. evaluated 

antiproliferative activities associated with the M. spicata against three human cancer cell lines 

(e.g., T47D, HCT116, and MCF7) [20]. In addition, many studies introduced clinical functions 

for T. balsamita, such as spasmolytic and diuretic roles [7]. Moreover, anti-inflammatory and 

analgesic effects of T. balsamita EO in a rat model were also reported [21]. Due to the 

medicinal properties of T. balsamita and M. spicata EOs, a new trend could develop anticancer 

agents using their major ingredients, i.e., carvone [14, 15]. From the literature, carvone as an 

active component could induce caspase-mediated cell death in breast cancer cells such as 

MCF7 and MDA-MB231, gastric cancer AGS cells, and colon cancer cells (HT29 and SW480) 

[22-24].  

In the current study, the anticancer effects of carvone, T. balsamita, M. spicata were 

first investigated against a human melanoma cell line (A375) and a human breast cancer cell 

line (MDA-MB468). An attempt was then made to improve their efficacies by preparing 

chitosan nanoparticles containing each. 

2. Materials and Methods 

2.1.Materials. 

MDA-MB468 (ATCC HTB132) and A375 (ATCC CRL1619) cell lines were obtained 

from the Pasteur Institute of Iran. Tripolyphosphate, chitosan low molecular weight (75-85% 

de-acetylation degree), carvone, and tween 20 were bought from Sigma-Aldrich (USA). M. 

spicata and T. balsamita EOs were purchased from Pharmaceutical Company Essential Oil Dr. 

Soleimani (Iran). 

2.2. Chemical compositions of the Eos.  

Ingredients of M. spicata and T. balsamita EOs were identified by a Gas 

Chromatograph as described in our previous study [25]. 

2.3. EOs or carvone chitosan nanoparticles preparation.  

We used the ionic gelation to prepare chitosan nanoparticles containing carvone or EOs 

as described in our previous study with a slight modification [26]. In the beginning, chitosan 
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powder (0.25% w/v) was dissolved at 2000 rpm in acetic acid 1% (an aqueous solution) at 

ambient temperature. The solution was then centrifuged (30 min, 7000 rpm) to precipitate 

undissolved chitosan. Next, carvone, M. spicata, and T. balsamita EOs were dissolved (0.5% 

w/v) in the prepared chitosan solution containing tween 20 (0.5% w/v) separately; the obtained 

solutions were then stirred for 10 min at 2000 rpm. Finally, we added tripolyphosphate solution 

(0.15% w/w) using a syringe pump (1 mL/h) and stirred for 40 min. The prepared 

nanoformulations were abbreviated CVChiNPs, MSChiNPs, and TBChiNPs, and used for 

characterizations and MTT assays.  

2.4. Size analyses.  

The particle size of CVChiNPs, MSChiNPs, and TBChiNPs was investigated by 

Dynamic Light Scattering (DLS; 9900 series; K-One Nano Ltd; Korea). Particle size 

distribution (SPAN) of them were calculated using equation 𝐷90 − 𝐷10 𝐷50⁄ . D is diameter, 

90, 50, and 10 are a percentage of particles with lower diameters than these defined values.  

2.5. Investigation loading of carvone, M. spicata, and T. balsamita EOs in chitosan 

nanoparticles. 

Attenuated Total Reflection-Fourier Transform Infrared (ATR-FTIR) was used to 

characterize functional groups and confirm the samples' successful loading in the chitosan 

nanoparticles. Free chitosan nanoparticles, carvone, M. spicata EO, T. balsamita EO, and their 

nano-formulated states (CVChiNPs, MSChiNPs, and TBChiNPs) were subjected to ATR-

FTIR instruments without any preparation process. Spectra were recorded (400–4000 cm−1) 

using the device (Tensor II, Bruker, Germany). 

2.6. MTT assay. 

The anticancer effects of carvone, M. spicata EO, T. balsamita EO, CVChiNPs, 

MSChiNPs, and TBChiNPs were investigated using the MTT cell proliferation assay as 

described in our previous study [26]. Briefly, carvone, M. spicata, and T. balsamita were first 

dissolved in the phosphate-buffered saline solution with 0.5% (w/v) DMSO, equal to the as-

prepared nanoformulations. Then, seeded cells (MDA-MB468 and A375) in 96-well culture 

plates containing 75 µL DMEM complete medium (10% FBS and 1% penicillin/streptomycin) 

were treated with different amounts of samples to reach concentrations of 1200, 600, 300, 150, 

and 75 µg/mL. After 24 hours of incubation, nanoformulations' milky color of wells were first 

washed with PBS, and 100 μL/well of MTT solution 0.5 µg/mL was then added. After 4 hours 

of incubation, 100 μL/well DMSO was added for formazan solubilization. Cell viability at 

different concentrations was calculated by comparing the optical density of control groups (no 

treated) and treated using at 570 nm. 

3. Results 

3.1. Constituents of M. spicata and T. balsamita Eos. 

Identified compounds in M. spicata and T. balsamita EOs with a high portion than 1% 

are listed in Table 1; they comprised 90.6% of all identified components in M. spicata and 

84.3% in T. balsamita. Besides, carvone was the major ingredient in both; 37.2 and 36.3 %.  
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Table 1. Chemical ingredients (> 1%) identified in the EOs by Gas Chromatography-Mass Spectrometry 

analysis. 

Retention 

index 
Compounds 

M. spicata  T. balsamita  

Area % Area % 

931 α-pinene 82848781 2.5 --- --- 

949 comphene 44325854 1.3 --- --- 

970 sabinene 63810507 1.9 --- --- 

976 β-pinene 110567647 3.4 --- --- 

1023 p-cymene --- --- 45489319 1.3 

1025 1,8-cineole --- --- 67090832 2.0 

1026 limonene 936146024 28.5 125222965 3.7 

1101 α-thujone --- --- 90781085 2.7 

1113 β-thujone --- --- 458741960 13.4 

1121 trans-p-mentha-2,8-dien-1-ol --- --- 45749024 5.3 

1159 iso-borneol --- --- 39407708 1.2 

1168 borneol 130589576 4.0 --- --- 

1187 α-terpineol 66211461 2.0 --- --- 

1191 cis-dihydro carvone --- --- 61508804 1.9 

1193 dihydrocarveol neo 88471507 2.7 --- --- 

1215 trans-carveol  --- --- 39066428 1.1 

1234 pulegone 108555599 3.3 --- --- 

1243 carvone 1221316667 37.2 1238470188 36.3 

1342 piperitenone 87099203 2.7 --- --- 

1418 trans-caryophyllene 34507802 1.1 --- --- 

1480 Germacrene D --- --- 73253122 2.1 

1493 zingiberene --- --- 46200785 1.4 

1504 β-bisabolene --- --- 147778675 4.3 

1522 δ-cadinene --- --- 55973474 1.6 

1560 germacrene B --- --- 32966540 1.0 

1641 tau-muurolol --- --- 53704860 1.6 

1966  ilicic acid methyl ester --- --- 58607545 1.7 

Total   90.6  84.3 

3.2. Particle size and particle size distribution of CVChiNPs, MSChiNPs, and TBChiNPs. 

DLS diagrams of CVChiNPs, MSChiNPs, and TBChiNPs with particle sizes of 217 ± 

9, 161 ± 4, and 195 ± 7 nm are depicted in Figure 1. Their SPAN values were obtained as 0.89, 

0.92, and 0.91; their narrow particle size distributions are confirmed since SPAN values are 

less than 1 [27]. In addition, the presence of a peak sharp in all three nanoformulations also 

indicates their narrow particle size distribution.  

 
Figure 1. DLS diagrams of chitosan nanoparticles containing-carvone (A = 217 ± 9 nm), -M. spicata EO (B = 

161 ± 4 nm), and -T. balsamita EO (C = 195 ± 7 nm). 

3.3. Loading of carvone and EOs in chitosan nanoparticles. 

In Figure 2A, the sharp peak at 1700 cm-1 attributed to C=O (stretching) could be related 

to the carbonyl group in tween and chitosan. The  strong band at 1094 cm-1 corresponds to 

symmetric and anti-symmetric phosphodioxy (PO2) structure, and the characteristic peak at 
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about 1020 cm-1 relates to anti-symmetric and symmetric stretching in the phosphite (PO3) 

structure. In addition, two new peaks at 1280 and 1152 cm-1 have appeared after the 

crosslinking process. They belong to anti-symmetric stretching vibrations of PO2 groups in 

tripolyphosphate ions; they confirm the ionic links between (NH3
+) chitosan and anionic 

structure in tripolyphosphate [26]. The ATR-FTIR spectrum of pure carvone (Figure 2B) shows 

the band at 3083 cm-1 related to the stretching vibration of =C-H, and the bands at 2970, 2922, 

and 2886 cm-1 –CH stretching vibration. The characteristic band at 1668 cm-1 relates to 

stretching vibration of C=O, the peak at 1644 cm-1 corresponding to C=C stretching. Moreover, 

the peak at 1365 cm-1 relates to CH3, and the band at 1109 cm-1 relates to C-O bending vibration. 

In Figure 2C, approximately most carvone characteristic bands are seen in the spectrum of 

CVChiNPs, similar to small wavenumber changes. Two strong peaks were shown at 1544 cm-

1 (C-O-C) and 1281 cm-1 (amide II), which can be related to the complex preparation with 

electrostatic linking between (NH3
+) structure of chitosan and phosphoric groups of 

tripolyphosphate within the chitosan nanoparticles [26]. 

 
Figure 2. ATR-FTIR analyses of free chitosan nanoparticles (A), carvone (B), chitosan nanoparticles containing 

carvone (CVChiNPs) (C), M. spicata EO (D), chitosan nanoparticles containing M. spicata EO (MSChiNPs) 

(E), T. balsamita EO (F), and chitosan nanoparticles containing T. balsamita EO (TBChiNPs) (G). 

In Figure 2D, the ATR-FTIR spectrum of pure M. spicata is displayed; the wideband 

at around 3462 cm-1 can be corresponding to hydroxyl groups, and the band at 3075 cm-1 

attributed to =C-H (stretching vibration). The peaks at 2965 and 2922 cm-1 showed –CH 

stretching vibration, the sharp band at 1712 cm-1 corresponding to C=O, and the band at 1674 

cm-1 is attributed to C=C stretching. The peak at 1373 cm-1 is related to CH3, and the band at 

1016 cm-1 relates to C-O bending vibration. In Figure 2E, the two strong bands at 1555 cm-1 

(C-O-C) and 1230 cm-1 (amide II) can be related to the complex preparation between NH3
+ 

groups chitosan and anionic structure tripolyphosphate. Furthermore, all the characteristic 
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peaks appear in the spectrum of M. spicata EO at the same wavenumber; the results indicate 

that the EO was successfully loaded in MSChiNPs. 

The ATR-FTIR spectrum of pure T. balsamita EO is displayed in Figure 2F; the broad 

peak at about 3620 cm-1 can be corresponding to hydroxyl groups, and the peak at 3079 cm-1 

is related to  =C-H (stretching vibration). The peaks at 2958 and 2924 cm-1 demonstrated –CH 

stretching vibration, the peak at 1712 cm-1 can be attributed to C=O, and the band at 1645 cm-

1 is related to C=C stretching. The band at 1366 cm-1 corresponded to CH3, and the peak at 

1110 cm-1 is attributed to C-O bending vibration. In Figure 2G, the ATR-FTIR spectrum of 

TBChiNPs showed a sharp band at 1280 cm-1 belonging to C-N stretching that confirmed the 

complex preparation whit linking electrostatic between NH3
+ groups of chitosan and anionic 

groups of tripolyphosphate. The peak around 1543 cm-1 can correspond to C-N stretching and 

relates to the amide structure. All the other peaks appear in the spectrum of T. balsamita EO at 

the same wavenumber; it could be confirmed that the EO was encapsulated into TBChiNPs. 

3.4. Anticancer effects of carvone, M. spicata EO, and T. balsamita EO versus chitosan 

nanoparticles containing them. 

Anticancer effects of carvone, M. spicata EO, and T. balsamita EO versus chitosan 

nanoparticles containing them against A375 cells were observed in a dose-dependent manner 

(Figure 3). Interestingly, the viability of cells after treatment with CVChiNPs and TBChiNPs 

at three concentrations of 300, 600, and 1200 µg/mL were reduced to ≤ 15%. Moreover, 

nanoformulations at all concentrations indicated more anticancer effects than their non-

formulated states (p < 0.05). 

 
Figure 3. Anticancer effects of carvone, M. spicata EO, and T. balsamita EO versus chitosan nanoparticles 

containing them (CVChiNPs, MSChiNPs, and TBChiNPs) against A375 cells. Data are mean ± SD (n = 3). 

Figure 4 indicated the dose-dependent effects of the samples on the MDA-MB468 cells 

line. However, this cell line showed less sensitivity to the samples than A375 cells; only at the 

highest concentration of nanoformulations (1200 µg/mL) was cell viability decreased to less 

than 10%. Moreover, M. spicata at three concentrations (75, 150, and 300 µg/mL) showed 

more potency than its nano-formulated states (MSChiNPs) (p < 0.05); however, at two highest 

concentrations (600, and 1200) efficacy of MSChiNPs was more potent (p < 0.05). In the other 

two samples, nanoformulations at four concentrations (150-1200 µg/mL) indicated 

significantly more anticancer effects than their non-formulated states (p < 0.05). 
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Figure 4. Anticancer effects of carvone, M. spicata EO, and T. balsamita EO versus chitosan nanoparticles 

containing them (CVChiNPs, MSChiNPs, and TBChiNPs) against MDA-MB468 cells. Data are mean ± SD (n 

= 3). 

Anticancer effects (IC50) of samples against A375 and MDA-MB468 cells are listed in 

Table 2. IC50 values of all nanoformulations against A375 and MDA-MB468 were significantly 

more potent than their non-formulated states (p < 0.05). Moreover, TBChiNPs with IC50 values 

of 85.3 and 240.1 µg/mL showed the best efficacy against both cell lines. 

Table 2. Anticancer effects of carvone, M. spicata EO, and T. balsamita EO versus chitosan nanoparticles 

containing them (CVChiNPs, MSChiNPs, and TBChiNPs) against MDA-MB468 and A375 cells. 

Cell lines A375 MDA-MB468 

Samples 
IC50

a IC50 

LCLb UCLc LCL UCL 

carvone 
3657.4 6038.0 

448 29826 2931 12435 

CVChiNPs 
99.1 236.2 

50 195 198 281 

M. spicata EO 
1136.2 1067.7 

675 1911 939 1213 

MSChiNPs 
143.4 514.6 

112 182 466 567 

T. balsamita EO 
1312.1 2323.6 

687 2503 1007 5357 

TBChiNPs 
85.3 240.1 

41 177 192 299 
a Inhibitory Concentration 50% (µg/mL); b Lower Confidence Limit (95%); c Upper Confidence Limit (95%). 

4. Discussions 

In developing new drugs, preclinical models such as in vitro human cell lines should be 

first performed to find effective chemo-preventive/therapeutic agents [28-30]. The selection of 

the targeted cell line is also important. For example, as may be expected from genetic, 

morphologic, and phenotypic evidence, the A375 cell line is a more aggressive and metastatic 

cancer with poor chemotherapy responsiveness, which could be an effective evaluation model 

for anti-melanoma cancer agents [31, 32]. On the other hand, highly heterogeneous cancer such 

as the MDA-MB468 cell line is an in vitro cancer cell model without estrogen, progesterone, 

and HER2 receptors (a triple-negative breast cancer cell model). It is commonly used in 

research on proliferation, metastasis, migration, and chemical breast cancer treatments [33, 34]. 

Thus these two cell lines were used in the current study.  
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As listed in Table 1, the only component found in the M. spicata and T. balsamita EOs 

was carvone; it contained about 37% of both. The most important issue that is not yet well 

clarified is whether the biological potency of EOs is due to their main ingredient(s) or the whole 

oils as complex mixtures. From the literature, it seems that more potency of an EO or 

component strongly depends on the organism under study. For instance, IC50 values of clove 

EO against Klebsiella pneumoniae, Pseudomonas aeruginosa, and Staphylococcus aureus did 

not significantly differ with eugenol (its major ingredient); the difference against Escherichia 

coli was only significant. Moreover, no significant difference was observed between the effects 

of clove EO and eugenol against Leishmania major and Leishmania tropica [25]. Nevertheless, 

the current study results did not specify anything; both EOs and carvone against A375 cells 

were not significantly different together (p > 0.05): although the efficacy of EOs was relatively 

more potent than carvone. However, the results were quite different for MDA-MB468 cells. 

The IC50 value of M. spicata (1067 µg/mL) was more potent than T. balsamita (2323 µg/mL); 

however, this difference was not statistically significant (p > 0.05). Besides, M. spicata EO 

was significantly more potent (p < 0.05) than carvone (6038 µg/mL).  

In the current study, an attempt was made to improve the anticancer effects of carvone, 

T. balsamita, and M. spicata EOs by preparing chitosan nanoparticles containing each of them. 

No report was found on preparing any nanoformulation of T. balsamita EO in the literature. 

However, some nanoformulation on M. spicata EO has been reported; its nanoemulsion with a 

droplet size of 97.8 nm was prepared as green larvicide against Culex pipiens and Musca 

domestica [35]. Furthermore, in a report, chitosan coating containing M. spicata EO was 

proposed as active packaging material with proper antibacterial against Listeria monocytogenes 

to preserve fresh strawberries [36]. Besides, such proposed coating also showed antibacterial 

effects against some species of Pseudomonas [37]. Furthermore, in another research, M. 

spicata extract as an antioxidant agent was successfully capsulated in chitosan nanoparticles 

[38]. Moreover, its aqueous extract was also used as a reducing agent for the green synthesis 

of silver nanoparticles (350–500 nm) [39]. 

The current study showed improvement in the efficacy of chitosan nanoparticles versus 

non-formulated states. For instance, the IC50 value of M. spicata 1136 µg/mL against A375 

cells was decreased to 143 µg/mL in a nano-formulated state (MSChiNPs). The IC50 value of 

carvone against MDA-MB468, 6038 µg/mL, was dramatically decreased to 236 µg/mL in the 

nano-formulated state (CVChiNPs). Existing reports could justify these improvements; e.g., 

when drugs or EOs are dissolved in their proper solvents, obtained droplet size is around ≤ 2 

nm [40,41]. When drugs or EOs are loaded in a nanocarrier with a particle size of ~ 200 nm 

(such as-prepared chitosan nanoparticles in the current study), about half a million droplets 

could be incorporated into a particle [42, 43]; so at lower concentrations compared to non-

formulated could show higher efficacy [44, 45]. Besides, they could easily pass through larger 

gap junctions of cancer cells with a nanometer size than normal cells [46]. The large surface 

area and high surface energy of nanocarriers and intrinsic bioadhesive of chitosan nanoparticles 

also led to better interaction with cells [47, 48]. However, more investigations are 

recommended for comparing the mode of actions of non-formulated samples vs. their nano-

formulated states. 

5. Conclusions 

At first, ingredients of EOs of M. spicata and T. balsamita EOs were identified using 

Gas Chromatography-Mass Spectrometry analysis. Their anticancer activity and carvone (their 
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major component) were then evaluated against human melanoma and breast cancer cells 

(MDA-MB468 and A375). Results demonstrated that M. spicata, T. balsamita EOs, and 

carvone could inhibit cell proliferation at all examined cells. After that, an attempt was made 

to improve their efficacy by preparing chitosan nanoparticles containing each. Chitosan 

nanoparticles containing T. balsamita EO with IC50 values of 85.3 and 240.1 µg/mL showed 

the best efficacy against both cell lines; it could thus be considered for further investigations 

such as in vivo or even supplementary medicine. 
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