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Abstract 

Nowadays, worldwide neoplastic pathology is a major public health problem. Despite the many therapeutic strategies 

currently available in chemotherapy and radiotherapy, the number of new cancer cases and cancer deaths is 

increasing. An inexpensive alternative without adverse effects is the development of therapeutic strategies using 

herbal compounds obtained from various natural sources. On the other hand, the development of therapeutic 

alternatives involves testing their cytotoxic effects on healthy human cells. In this study, we tested Ocimum 

basilicum extracts (in butanol and acetonitrile), in concentrations between 5mg/ml and 40mg/ml, in order to evaluate 

the cytotoxic potential on colon (Caco2), liver (HepG2) and blood cancer (K-562). We analysed the biocompatibility 

of the products in vitro on healthy cell lines (MSC-mesenchymal STEM cells and HDFA- human fibroblasts). Cell 

proliferation was analyzed by the MTT assay. The obtained results revealed that the tested extracts do not 

significantly modify the multiplication of healthy human cells. Instead, it causes a decrease in the cell growth rate for 

liver and colon neoplastic cells, and less so for leukemic cells. 
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1. Introduction  

 

In present, worldwide, cancer remains a major 

public health issue, with high morbidity and 

mortality rates. Although medical biotechnologies 

with diagnostic, prognostic, and therapeutic utility 

have seen revolutionary progress in recent 

decades, the management of neoplastic diseases 

remains a continued challenge [1]. Developing 

new adjuvant therapies for treating neoplasms is 

one of the primary concerns of the pharmaceutical 

and medical industry. Phytotherapy represents a 

viable alternative to support therapeutic efforts in 

meeting the medical needs and improving the 

prognosis of patients diagnosed with this type of 

disease. Recent specialized literature encompasses 
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various studies on the biological activities of 

compounds extracted from plant sources on 

biological systems. The advantages of this 

therapeutic approach, in comparison to standard 

chemotherapy, lie in the fact that it produces 

minimal side effects, acts on multiple target cells, 

induces cytotoxicity, and is economically 

advantageous [2]. Ocimum basilicum (OB) is an 

aromatic annual plant that belongs to the 

Lamiaceae family. Over time, OB has been 

extensively used both in gastronomy and for 

medicinal purposes, having beneficial effects in 

the treatment of digestive, parasitic, anti-

infectious, nervous system, and renal conditions. 

Currently, specialized studies have reported 

various therapeutic applications for OB, including 

its detoxifying, hepatoprotective, anti-

inflammatory, immunostimulatory, antibacterial, 

antifungal, antiviral, antihyperglycemic, 
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antilipemic, antiproliferative, and antioxidant 

properties. These properties are attributed to its 

chemical composition. Ocimum basilicum 

contains various biologically active compounds, 

with the most significant ones being linalool, 

eugenol, α-terpinene, and ρ-cymene [3,4,5,6,7]. In 

Romania, the uses of basil are comparable to those 

worldwide, as it is employed for culinary, 

pharmaceutical, and cosmetic purposes. Within 

the OB species, there are quantitative and 

qualitative differences in the main bioactive 

compounds, which vary depending on the region 

of origin, genetic factors, and the environment. 

The aim of this study was to evaluate the in vitro 

antiproliferative capacity of OB extracts prepared 

in butanol and acetonitrile solvents. In order to 

evaluate the cytotoxic effect on human cells, we 

used different neoplastic cells lines, but also 

healthy cells. We used MSC (mesenchymal Stem 

cells) and HDFa (human dermal fibroblasts) cell 

lines to analyze the biocompatibility of the 

extracts on healthy cells. To quantify the 

antitumor effect, we used two different adherent 

cell lines (Caco2 - human colorectal 

adenocarcinoma, respectively HepG2 - human 

hepatocellular carcinoma) and one cell line in 

suspension (K562 - human chronic myelogenous 

leukemia).  

 

2. Materials and methods 

 

Materials. Cell lines were purchased from CLS 

(Cell line services), and cell culture reagents and 

supplies, including the MTT proliferation kit, 

were obteined from Invitrogen (Thermo Fisher 

Scientific, Inc.). DMSO (dimethylsulfoxides) and 

the solvents were purchased from Sigma-Aldrich. 

Extracts preparation. The aerial parts of the plant 

were are dried and crushed to powder. 10 g of 

powder was suspended in 100 ml of 70% butanol 

and 100 ml of acetonitrile, respectively. The 

extraction was performed at room temperature 

with stirring at 100 rpm. OB extracts in 

acetonitrile (A) and butanol (B) were weighed and 

evaporated, then resuspended in DMSO stock 

solution 50 mg/ml). Stock solutions were diluted 

in culture media to a final test concentration 

(5mg/ml-10mg/ml-20mg/ml-40mg/ml). 

Cytotoxicity analysis. The cell line were seeded in 

96-well plates (9x104cells/ml, 9x103cells/well), in 

complete medium (DMEM, high glucose, 

GlutaMAX™ Supplement, pyruvate, 10% fetal 

bovine serum, and 1% antibiotics/antimicotics), 

and incubated 24h in the humidified atmosphere 

(90%), 5%CO2 at 37oC. Then, they were treated 

with the OB extracts in the previously mentioned 

concentrations. Cells treated only with vehicle 

(0.1% DMSO) were used as a control to calculate 

the proliferation rate (%). The experiments were 

run in triplicate. After 24h, the culture medium 

was replaced with MTT solution (0.5 µg/mL). 

After incubation at 37°C, 4h, the MTT solution 

was replaced with DMSO for 15 minutes in order 

to form the formazan granules. Subsequently, the 

absorbance (Abs) of the samples and control was 

mesured at 570 nm, using a plate reader (BioTek 

Instruments Inc.). Cell viability (%) was 

calculated after the ecuation: 

 

Cell proliferation (%) = [(Abs_sample-

Abs_blank)/(Abs_control-Abs_blank)]/100 

 

3. Results and discussion 

 

OB extracts in butanol and acetonitrile had no 

significant effect on the proliferation of healthy 

MSC and HDfa cells. However, in the case of the 

extract in butanol, the proliferation rate at higher 

doses was lower than that of the extract in 

acetonitrile, in both cell types (fig.1).  

 

 
Figure 1. HDFa and MSC cell proliferation rate: (A) 

acetonitrile; (B) butanol 

 

For Caco2 and HepG2 cell lines, a significant and 

dose-dependent inhibition of cell proliferation was 

demonstrated. The butanol extract caused a 

significant inhibition of cell proliferation at high 

applied doses (20mg/ml, respectively 40 mg/ml) 

(fig.2). The action of the extracts on the K562 cell 

line determined a slight decrease in cell 

proliferation. At the doses tested, both types of 

extracts inhibited moderate cell multiplication, 

only at the high doses applied (fig.3). 
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Figure 2. Caco2 and HepG2 cell proliferation rate: (A) 

acetonitrile; (B) butanol 

 

 

 
Figure 3. K562 cell proliferation rate: (A) acetonitrile;  

(B) butanol 

 

Several reports point to the antigenotoxic and 

chemopreventive activities of various Ocimum 

species extracts. Ocimum basilicum has 

demonstrated a robust antioxidant effect, primarily 

attributed to one of its major chemical 

components, namely linalool. Current 

experimental evidence suggests that oxidative 

stress on human DNA is a root cause of aging and 

numerous pathologies, including cancer. 

Furthermore, antioxidants possess the ability to 

inhibit carcinogenic substances, repair DNA, and 

regulate gene expression. This antioxidant effect 

of Ocimum basilicum extract also confirms its lack 

of mutagenic impact [8,9,10]. 

Our objective was to assess the cytotoxicity of 

alcoholic and acetonitrile-based Ocimum 

basilicum extracts on neoplastic cells. We used 

neoplastic cell lines derived from the colon 

(Caco2), liver (HepG2), and the leukemia cell line 

K-562. Our results indicated that OB extracts 

obtained in butanol solvent demonstrated slightly 

higher cytotoxic effects compared to those 

obtained in acetonitrile. However, these 

differences did not reach statistical significance. 

The cytotoxicity observed was dependent on the 

dosage of the extract applied. Furthermore, the 

anti-proliferative effects were more pronounced in 

adherent culture cells (Caco2, HepG2) as opposed 

to suspension cells (K-562). Simultaneously, we 

assessed the compatibility of these extracts with 

healthy human cells, including mesenchymal stem 

cells and fibroblasts. Notably, the OB extracts did 

not exhibit cytotoxicity towards MSC and 

fibroblast cells. 

Studies in the specialized literature have provided 

evidence of the therapeutic potential of Ocimum 

basilicum in cancer. The antiproliferative and 

cytotoxic effects of OB on cancer cells from 

various cell lines (HeLa, MCF-7, Jurkat, HT-29, 

T24, MIAPaCa-2) and a normal cell line (HEK-

293) were analyzed. It was found that the 

antiproliferative and cytotoxic potential varied 

depending on the cell line type. Additionally, OB 

influenced the progression of the cell cycle and 

stimulated apoptosis in most cancer cells. It was 

concluded that OB extracts not only enhance taste 

but also exhibit anti-tumor activity against various 

cancer cells, attributed to the presence of 

compounds such as rosmarinic acid, cichoric acid, 

and caffeic acid [11]. Extracts obtained from the 

leaves of this plant inhibit the proliferation, 

migration, and invasion of tumor cells and induce 

apoptosis in pancreatic cancer cell lines, including 

AsPC-1, MiaPaCa, and Capan-1 [12]. 

Different research groups have reported in vitro 

cytotoxic effects of Ocimum species, with the 

extent of cytotoxicity varying depending on the 

extraction technique and the type of compound 

tested (be it alcoholic extract, various solvents, 

essential oil, or nanoparticles with extracts). The 

tested doses have ranged from 50 µg/mL to 599 

mg/ml [13,14,15,16]. 

Concerning the mechanisms behind OB's 

cytotoxic impact on neoplastic cells, several 

molecular processes have been suggested, 

including apoptosis and cell cycle arrest [17], 

inhibition of DNA synthesis [18], anti-

inflammatory and antioxidant actions [19,20], and 

the inhibition of matrix metalloproteinases [21]. 

For instance, in a study involving the Caco2 

human colon carcinoma cell line, researchers 

examined different concentrations of basil's 

aqueous extract combined with sircenubin syrup. 

The study concluded that this combination serves 

as an effective adjuvant for ultrasound treatment 

due to the presence of bioactive aromatic 
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compounds such as phenolic acids and flavonoids 

[16]. 

 

4. Conclusions 

 

The buthanolic extracts of Ocimum basilicum 

showed superior cytotoxicity to those obtained in 

acetonitrile. The antiproliferative effect was 

evident in adherent cellular cultures Caco2 and 

HepG2 cell line. The extracts had no toxic 

character on MSC and HDFa healthy cells, or 

leukemic cell line. In conclusion, the tested 

solutions obtained from Ocimum Basilicum 

extracts can be used as adjunctive treatment in 

adenocarcinoma-type neoplasias. 
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