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 Abstract 

Plants of Styrax officinalis are members of the family Styracaceae, which comprises small 

trees or shrubs. It is predominant in the Mediterranean region. The leaves of this plant exhibit active 

phytochemical compounds with antioxidant properties. This project aims to examine the cytotoxic 

effect of aqueous and methanolic extracts of the leaves of Styrax officinalis on two selected human 

cancer cell lines: mammary gland carcinoma (MCF7), human hepatocellular liver carcinoma (HepG2) 

in addition to the noncancerous cell line fibroblast. In vitro, the cytotoxic activity of aqueous and 

methanolic extracts of leaves of S. officinalis was investigated against three cell lines: MCF-7, 

HepG2, and fibroblast, and the outcomes of this study showed that the highest cytotoxic activity was 

revealed in methanolic extract of leaves against MCF-7 and HepG2 with IC50 values of 14.95μg/ml 

and 19.39μg/ml respectively. 
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Introduction 

Medicinal plants are an indispensable source of chemical compounds used for pharmaceutical purposes, 

and a significant challenge is obtaining their potential natural products relatively easily (Forni et al., 

2016; Mondal, et al., 2014). 

Medicinal plants are considered a healthy source of human life because of their therapeutic capacities in 

treating different diseases (Jain, 1985). The therapeutic capacities of medicinal plants depend on the 
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content of active compounds such as tannins. lignans, flavones, catechins, anthocyanins, volatile oil, 

steroids, resin, and terpenoids (Rios, 2005). These active compounds can be found in different parts of 

medicinal plants, such as flowers, leaves, fruits, roots, and seeds (Jamshidi-Kia, et al., 2018; Khwaldeh, 

et al., 2024). 

Plants of styrax officinalis are members of the family Styracaceae, which is constituted of small trees or 

shrubs (Feinbrun Dothan , 1978). It is found only in the Mediterranean region (Tayoub, et al., 2006). In 

Jordan, Styrax officinalis grows in forest formations in Irbid, Ajloun, Jerash, Salt, and Amman. It is 

flowering period: April -May (Al-Eisawi, 1998; Oran, 2014; Oran, 2015). Styrax officinalis is used in 

folkloric medicinal plants from Palestine and in treating some infections, diseases, and oxidative stress 

(Jaradat et al., 2018; Jaradat, 2020, Paşa, 2023). Multiple different applications have been reported 

throughout using plant extracts and their chemical compositions and active compounds from Styrax 

officinalis in medicinal, agricultural, biofuel, and industrial fields (Yesilyurt & Cesur 2020; Oni, et al., 

2022; Balyen & Kiraz, 2024; Esen et al., 2022; Babahan‐Bircan et al., 2022; Son et al., 2021). 

Benzofuran is a chemical compound found in most plants, especially in the Styracaceae family, such as 

Styrax officinalis. It has a variety of biological activities, including insecticidal, fungicidal, antimicrobial, 

antidiabetic, cytotoxic, and cytotoxic effects (Bölükbaşı et al., 2016). The fruits of Styrax officinalis had 

been reported to be rich in saponins. Saponins are bioactive compounds, and many investigations have 

observed hemolytic activity resulting from their affinity for membrane sterols (Dib et al., 2016).  

The methanolic extract was reported to have anti-microbial activity against gram-positive 

(Staphylococcus aureus) and gram-negative (Escherichia coli) bacteria. The active was compared with 

broad-spectrum antibiotics such as cefepime, amikacin, and Ceftriaxone (Mansour et al., 2016). Aqueous 

and organic extracts of Styrax officinalis have been found to have antioxidant and antimicrobial effects 

(Jaradat et al., 2018). They were also reported to have cytotoxic activity against multidrug-resistant 

human leukemia cells (Reiter et al., 2014).  

The previous studies had mainly dealt with the content of benzofurans as egonol, lipids, or saponins of 

the seeds of S. officinalis (Tayoub et al., 2006). The resin of the species S. officinalis, known as storex, 

was used in traditional medicine in the Mediterranean basin for antiseptic purposes and against 

respiratory diseases (Oran & Al-Eisawi, 1998). Few studies have investigated the chemistry of the leaf, 

stem, or flower of S. Officinalis, particularly their essential compounds (Tayoub et al., 2006).  

The aims of this project are to examine the cytotoxic effect of aqueous and methanolic extracts of the 

leaves of Styrax officinalis on two selected human cancer cell lines: mammary gland carcinoma (MCF7), 

human hepatocellular liver carcinoma (HepG2) and noncancerous cell line which is the fibroblast. 

Materials and Method 

Plant Materials 

The leaves of Styrax officinalis were collected from different parts of Jordan. The collected plants are 

shown in Table 1. 

Table 1: Description of the studied plant species 

Plant species Family 
Site of 

collection 

Voucher 

specimen 
Collected time 

Collected 

parts 

Styrax 

officinalis L. 
Styracaceae Ajloun-Irbid 1 

Any period of 

the year (2022) 
Leaves 

 

Plant extraction 

The leaves were dried at room temperature (23-25 °C) for (30-40) days at a botany research lab at the 

Department of Biological Sciences at the University of Jordan; dried plants were powdered using an 

electrical blender. The powdered plant was then exposed to two types of extraction: aqueous and 
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methanolic. 10 gm of each powdered plant was dissolved in 100 ml and stirred using a hotplate magnetic 

stirrer. The solvents left for one and five days respectively then the extraction filtered by Whitman no.1 

filtered paper. The filtrated solvents were then evaporated using a rotary evaporator at 60 °C.  

Cell culture condition 

Human cancer cell lines were used to evaluate the cytotoxic effect of plant extracts. Mammary gland 

carcinoma (MCF-7), human hepatocellular liver carcinoma (HepG2), and fibroblast (as control), cell lines 

were purchased from American Type Culture Collection (ATCC) company, and all cell lines cultured in 

Dulbecco's Modified Eagle Medium (DMEM) supplemented with 50 ml fetal bovine serum (FBS), 5 ml 2 

mm L-glutamine and 5 ml 100U penicillin / 0.1 mg/ml streptomycin penicillin/streptomycin. Cells were 

maintained in the vented flask at 37 °C in a 5% CO2 atmosphere with 95% humidity. All cell culturing 

work was carried out under sterile conditions in a laminar airflow cabinet. 

Seeding of cell lines 

After the cells had become confluent, the 25 cm2 flask was washed first with 3ml of PBS, and then 1ml of 

trypsin/EDTA was added and the flask was incubated for 5-10 min at 37°C, then 3ml of fresh media was 

added to the flask with good mixing and transferred to sterile 15 ml centrifuge tube. The cell suspension 

was homogenized using a vortex mixer, and then 25 µL was transferred to an Eppendorf tube containing 

25 µL trypan blue dye, which was loaded onto a hemocytometer and placed under a light microscope. 

The counting of the cells was in the four outer squares and the average number was calculated according 

to the following formula: 

(Number of cells/ml = average number of cells × 2 × 10000) 

From the cell suspension, a useful volume was withdrawn, and the volume was completed with fresh 

media to end up with final optimal density. Cells were seeded in different densities in triplicates. By 

using a multichannel pipette, 100 µL of cell suspension was seeded per well in 96-well plates and 

incubated overnight to allow for cell attachment. plates of 96 wells were prepared for studying the effects 

of the methanolic extracts of styrax officinalis L. leaves for 72 hours by using MTT assay 

Extracts preparation for cytotoxic assay 

The prepared aqueous and methanolic leaves of styrax officinalis were added to the cells in seven 

concentrations (200, 100, 50, 25, 12.5, 6.25, and 3.125 µg/ml). After 24 hours of seeding the cells, a 

weight of 25 mg from each stock extract. Aqueous extracts were dissolved in 1 ml of PBS (25 mg/ml) 

and methanolic extracts in 1 ml of DMSO (25 mg/ml). Preparation of aqueous and methanolic extract 

concentrations started with 200 µg/ml concentration prepared by mixing 16 µl of the extract stock (25 

mg/ml) with 984 µl media (the total volume will be 1 ml) hence the volume of each extract stock using 

the equation: C1*V1 = C2*V2. The serial dilution was then continued until reaching 3.125 µg/ml 

concentration and incubated for 72 hours until using MTT assay. 

Cell viability assay (MTT) 

The cytotoxic activity of S. officinalis extracts (aqueous and methanolic) was determined using an MTT 

assay (Van Meerloo, et al., 2011). 

MTT (3-(4,5-dimethylthiazol-2w-yl)-2,5-diphenyl tetrazolium bromide) assay was used in order 

to estimate cell viability after incubation with various concentrations of plant extracts. MTT (3-(4,5-

dimethylthiazol-2w-yl)-2,5-diphenyl tetrazolium bromide) was dissolved in PBS at 5mg/ml. 

Control wells without treatment (cells with DMSO or PBS or media) and negative control wells 

containing only fresh media. After 72 hourss of incubation, 20 µL of MTT was added to every well and 

incubated for 3 hours. After that, MTT was withdrawn carefully, and 200 µL of DMSO was added to 

every well to dissolve the formed crystal. The absorbance at 570 nm was read on a spectrophotometer, 

and the difference between readings was used for the analysis of results. The percentage of survival cells 
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was calculated using the following formula: 

% Survival= 100 - ([(AC- AT)/ AC] x 100) 

The values of IC50 values were detected as concentrations that exhibited 50% inhibition of proliferation 

on any tested cell line. IC50 values were detected as the average of three replicates. 

Statistical analysis 

The percentage of the cell’s viability treated with extract solution was calculated by taking the mean of 

the three wells absorbance of each used concentration divided by the mean of the absorbance of three 

negative control wells multiplied by 100. The percentage of toxicity was then calculated from the 

equation (% Toxicity = 100 - % viability). 

The standard error of the mean was also calculated. GraphPad prism 5.0 was used to calculate IC50 

values, and Excel sheets were used to draw a graph of extracts concentrations versus the plant's viability 

percentage. 

Results and discussion 

The cytotoxic activity of aqueous and methanolic extracts of leaves of styrax officinalis was studied 

against a panel of human cancer cell lines over 72 hours of exposure. Figure 1, figure 2 & figure 3 

express the In vitro cytotoxic activity of methanolic and aqueous extracts of Styrax officinalis leaves on 

MCF-7, HepG2, and fibroblast cell lines, respectively. Table 2 displays the IC50 values cytotoxic activity 

using MTT assay against cancer cell lines, namely human hepatocellular liver carcinoma (HepG2) and 

mammary gland carcinoma (MCF-7). A noncancerous human fibroblast cell line was recruited to verify 

selective cytotoxicity.  

All IC50 values listed are mean ± SD (standard deviation) (µg/ml). IC50 values (concentration at which 

50% inhibition of cell proliferation took place in comparison to non-induced basal 72 hours incubations) 

were calculated within the treatment of different concentrations for all extracts and controls. In the U.S. 

NCI plant screening program, if the IC50 value (concentration causing a 50 percent cell kill) in carcinoma 

cells is less than 20 μg / mL for the crude extract after incubation between 48 and 72 hours, then it is 

mostly represented to have cytotoxic effect in vitro (Ackova, et al., 2016). Importantly, significant 

cytotoxic effectiveness of methanolic leaf extract (mainly displayed in both MCF-7 and HepG2) was 

shown with IC50s < 20 µg/ml.  

The evaluation of the cytotoxic activity of leaves of S. officinalis using two solvents with different 

polarities (aqueous and methanolic) of S. officinalis against MCF-7 and HepG2 cancer cell lines was 

conducted. Furthermore, the safety of the extracts of plants was determined by studying their activities 

against noncancerous fibroblasts. The MTT assay for the aqueous and methanolic extracts of S. officinalis 

leaves showed different results for the cytotoxic effect. 

The essential oil from the leaves of S. officinalis revealed anti-cancer properties against all cancer cell 

lines, MCF-7, HCT-116, CacoII, and HepG2 (Almulla, 2020). 

According to the U.S. National Cancer Institute guidelines (NCI), crude extract is considered a cytotoxic 

promising anticancer product for future bioguided studies only if it applies to IC50 value < 20 µg/ml 

(Ackova et al., 2016). Methanolic leaf extract showed significant cytotoxic activity on both MCF-7 and 

HepG2 with IC50 values of 14.95µg/ml and 19.39µg/ml, respectively. None of the aqueous extracts 

(leaves) was found to be cytotoxic against cell lines; this lack of activity can be attributed to low water 

solubility for the organic compounds, except for the aqueous leaves extract on HepG2 that showed 

medium cytotoxic activity with IC50 values of 41.94µg/ml. Moreover, extracts used in the study are 

considered safe against noncancerous cell line, which is fibroblast, because IC50 values determined for all 

used extracts were far away from those recorded against cancer cell lines under our study.  

A study on an ethanolic crude extract of S. camporum used XTT assay showed significant cytotoxic 

activity on MCF-7 and HepG2 with IC50 values of 13.3µg/ml and 53.3µg/ml, respectively, after 72 hours 
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of incubation (De Oliveira et al., 2016). Another study showed significant cytotoxicity of stem bark 

extracted with methanol of S. japonica by Sulforhodamine B (SRB) assay against HCT-15 (colon 

adenocarcinoma) (Kim et al., 2004; Lee & Lim, 2010). 

On the other hand, a study in Korea showed cytotoxic effect of aerial parts of S. obassia extracted with 

methanol by MTT method against MCF-7, Hela and HL-60 cancer cell lines (Cao et al., 2017). In China 

(Li et al., 2005), the seeds of S. perkinsiae extracted with ethanol showed significant cytotoxic activity 

against two breast cancer cell lines MCF-7 and MDA-MB-231 with IC50 values of 5.45µg/ml and 

3.81µg/ml respectively by SRB method. The resin of S. tonkinensis extracted with ethanol against human 

leukemia cells HL-60 by used NBT reduction assay showed significant antiproliferative activity after 3 

days incubation (Wang et al., 2006). 

In parallel, a study in Brazil exhibited different significant activities against C6, Hep2 and HeLa cancer 

cell lines with IC50 values of 3.2µg/ml, 3.6µg/ml and 15.6µg/ml respectively by MTT assay of ethanolic 

extract from the stem of S. camporum (Teles et al., 2005).  

In vitro cytotoxic activity of two extracts of Styrax officinalis leaves on MCF-7 cell line: 

 

 

Figure 1: The cytotoxic activity of two extracts of Styrax officinalis leaves on MCF-7. Cells were plated 

onto 96 well plates and treated with or without (control) different concentrations (200, 100, 50, 25, 12.5, 

6.25 and 3.125µg/ mL) of the extracts for 72 h. Data are representative of at least three independent 

experiments. 
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Figure 2: The cytotoxic activity of two extracts of Styrax officinalis leaves on HepG2. Cells were plated 

onto 96 well plates and treated with or without (control) different concentrations (200, 100, 50, 25, 12.5, 

6.25 and 3.125µg/ mL) of the extracts for 72 h. Data are representative of at least three independent 

experiments. 
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Figure 3: The cytotoxic activity of two extracts of Styrax officinalis leaves on Fibroblast Cells were 

plated onto 96 well plates and treated with or without (control) different concentrations (200, 100, 50, 25, 

12.5, 6.25 and 3.125µg/ mL) of the extracts for 72 h. Data are representative of at least three independent 

experiments. 

Table 2: IC50 values (µg/ml) for extracts of Styrax officinalis leaves against different cell lines after 72 

hours of treatment. 

Treatment MCF-7 HepG2 Fibroblasts 

Aqueous Leaves 219.5 ± 1.83 41.94 ± 4.65 589.2 ± 13.83 

Methanolic Leaves 14.95 ± 3.87 19.39 ± 1.46 116.9 ± 4.52 

IC50 values: mean ± SD (µg/ml) 

Conclusion and Recommendations 

Concerning the cytotoxicity results, S. officinalis showed cytotoxic effects on cancer cell lines used in the 

study. Additionally, almost all the tested extracts of the present study were found safe on normal human 

cells. Further studies are recommended to be applied to identify the specific phytochemical compounds of 

extracts that are responsible for the inhibition of cancer cell growth as well as in vivo assessment of the 

cytotoxicity against the detected cancer types. 

Acknowledgments 

The investigations conducted in this study received financial assistance from the Deanship of Scientific 

Research at the University of Jordan. Special thanks to Prof. Sawsan Oran, Prof. Yasser Al-Bustanji, 

Reem Abbassi, Bilal Al-ayasrah, Nour Al-Horani, and Hadeel Sami for technical assistance and for 

reviewing this work. 

Conflicts of interest 

The authors have stated that there are no conflicts of interest. 

References 

1. Ackova, D. G., Kadifkova-Panovska, T., Andonovska, K. B., & Stafilov, T. (2016). Evaluation of 

genotoxic variations in plant model systems in a case of metal stressors. Journal of Environmental 

Science and Health, Part B, 51(5), 340-349. 

2. Al-Eisawi, D. (2013), Flora of Jordan Checklist Revised, The University of Jordan Press, Jordan. 59-

116. 



World of Medicine : Journal of Biomedical Sciences,  Vol. 1 No. 8   2024 
 38 

 

 

3. Al-Eisawi, D. 1998: Wild Flowers of Jordan and Neighboring Countries. Amman. Al-Rai, Press 

Comp. pp 296. 

4. Almulla, S. (2020). In Vitro Cytotoxic and Antioxidant Potentials of Extracts and Essential Oils of 

Styrax Officinalis L. (Styracaceae) from Jordan on Three Human Cancer Cell Lines. Unpublished 

Master Thesis, The University of Jordan, Amman, Jordan. 

5. Babahan‐Bircan, I., Emirdağ, S., Özmen, A., Abbak, M., Ujam, O. T., Demirkaya, I., & Günay, M. E. 

(2022). A new hybrid ligand and its metal complexes from a natural plant (Styrax officinalis) bearing 

egonol, thiosemicarbazone and oxime units, and their anti‐cancer activities. Applied Organometallic 

Chemistry, 36(9), e6784. 

6. Balyen, İ., & Kiraz, A. B. (2024). Determination of Nutritional Value and Methane Production 

Potential of Styrax Tree (Styrax officinalis L.) Leaves. Heliyon. 

7. Bölükbaşı, S. Ş., Öztürk, S. E., Anıl, H., & Siliğ, Y. (2016). Effects of egonol that isolated from seeds 

of Styrax officinalis (L.) on lipid peroxidation and antioxidant defense system in human erythrocytes. 

Cumhuriyet Medical Journal, 38(3), 168-178. 

8. Cao, T. Q., Lee, B. M., Jung, Y. W., Nguyen, V. T., Kim, J. A., and Min, B. S. (2017). Cytotoxic 

Activity of Compounds from Styrax obassia. Natural product communications, 12(2), 1-2. 

9. Dib, R., Makhoul, K. and Maalouf, R. (2016). Preliminary bioactivity investigation of Styrax 

officinalis L. fruit extract as potential biopesticide. Journal of Pharmacognosy and Phytotherapy, 

8(12), 209-213. 

10. Esen, S., Koc, F., Özdüven, L., Eseceli, H., Cabi, E., & Karadağ, H. (2022). In situ and in vitro 

nutritive value assessment of styrax officinalis l. as an alternative forage source for goat feeding. 

Journal of Agricultural Sciences, 28(2), 181-188. 

11. Feinbrun Dothan, N. (1978). Flora Palaestina: Part 3. Ericaceae to Compositae. Jerusalem, Israel 

Academy of Sciences and Humanities, 2, 1-1298. 

12. Jain, S. K. Medicinal Plants of India. 5th ed. Raj Bandhu Industrial Company; (1985). 1-4. 

13. Jaradat, N. (2020). Phytochemistry, traditional uses and biological effects of the desert plant Styrax 

officinalis L. Journal of Arid Environments, 182, 104253. 

14. Jaradat, N., Al-Masri, M., Zaid, A. N., Hussein, F., Shadid, K. A., Al-Rimawi, F. and Eid, A. (2018). 

Assessment of the antimicrobial and free radical scavenging activities of Moluccella spinosa, 

Helichrysum sanguineum, and Styrax officinalis folkloric medicinal plants from Palestine. Oriental 

Pharmacy and Experimental Medicine, 18(2), 107-114. 

15. Khwaldeh, A., Shraideh, Z., Badran, D., Shoiab, A., Alsarhan, A. A., Al-Fawaeir, S., Alzbeede, A. & 

Aljamal, A. (2024). Hepatoprotective Effects of Honey Against Tobacco Smoking Toxicity in Wistar 

Rats. Tropical Journal of Natural Product Research, 8(5), 7220-7224. 

16. Lee, J., and Lim, K. T. (2010). Apoptotic activity of ethanol extract from Styrax Japonica Siebold et 

al Zuccarini in HepG2 cells. Journal of ethnopharmacology, 131(1), 210-215. 

17. Mansour, O., Darwish, M., Ali, E. and Ali, A. (2016). Screening of Antibacterial Activity In vitro of 

Styrax officinalis L. Covers of Berries Extracts. Research Journal of Pharmacy and Technology, 9(3), 

209. 

18. Oni, B. A., Sanni, S. E., Ibegbu, A. J., & Oguntade, T. I. (2022). Authentication of Styrax officinalis 

L. methyl ester nanoparticulate fuel-system’s suitability in powering CI engines. Industrial Crops and 

Products, 181, 114833. 

19. Oran, S. (2014). The status of medicinal plants in Jordan. Journal of Agriculture Science and 

Technology, 4, 461-457. 



World of Medicine : Journal of Biomedical Sciences,  Vol. 1 No. 8   2024 
 39 

 

 

20. Oran, S. (2015). Selected wild aromatic plants in Jordan. International Journal of Medicinal Plants, 

108, 686-699. 

21. Oran, S. A. (2015). Selected wild plant species with exotic flowers from Jordan. International Journal 

of Biodiversity and Conservation, 7(5), 308-320. 

22. Oran, S. A. and Al-Eisawi, D. M. (1998). Check-list of medicinal plants in Jordan. Dirasat, 25(2), 84-

112. 

23. Oran, S. and Al-Eisawi, D. (2015). Ethnobotanical survey of the medicinal plants in the central 

mountains (North-South) in Jordan. Journal of Biodiversity Sciences, 6, 381-400. 

24. Paşa, C. (2023). The use of Styrax officinalis L. in folk medicine and chemical composition. 

25. Reiter, C., Karagöz, A. Ç., Fröhlich, T., Klein, V., Zeino, M., Viertel, K. and Efferth, T. (2014). 

Synthesis and study of cytotoxic activity of 1, 2, 4-trioxane-and egonol-derived hybrid molecules 

against Plasmodium falciparum and multidrug-resistant human leukemia cells. European Journal of 

Medicinal Chemistry, 75, 403-412. 

26. Son, N. T., Linh, N. T. T., Tra, N. T., Ha, N. T. T., Cham, B. T., Anh, D. T. T., & Van Tuyen, N. 

(2021). Genus Styrax: a resource of bioactive compounds. Studies in Natural Products Chemistry, 69, 

299-347. 

27. Tayoub, G., Schwob, I., Bessiere, J. M., Masotti, V., Rabier, J., Ruzzier, M., and Viano, J. (2006). 

Composition of volatile oils of Styrax (Styrax officinalis L.) leaves at different phenological 

stages. Biochemical systematics and ecology, 34(9), 705-709. 

28. Tayoub, G., Schwob, I., Bessière, J. M., Rabier, J., Masotti, V., Mévy, J. P. and Viano, J. (2006). 

Essential oil composition of leaf, flower and stem of Styrax (Styrax officinalis L.) from south‐eastern 

France. Flavour and Fragrance Journal, 21(5), 809-912. 

29. Teles, H. L., Hemerly, J. P., Pauletti, P. M., Pandolfi, J. R., Araújo, A. R., Valentini, S. R., and Silva, 

D. H. (2005). Cytotoxic lignans from the stems of Styrax camporum (Styracaceae). Natural product 

research, 19(4), 319-323. 

30. Van Meerloo, J., Kaspers, G. J., and Cloos, J. (2011). Cell sensitivity assays: the MTT assay. 

In Cancer cell culture. Human press, 237-245. 

31. Wang, F., Hua, H., Pei, Y., Chen, D., and Jing, Y. (2006). Triterpenoids from the Resin of Styrax t 

onkinensis and Their Antiproliferative and Differentiation Effects in Human Leukemia HL-60 

Cells. Journal of natural products, 69(5), 807-810. 

32. Yesilyurt, M. K., & Cesur, C. (2020). Biodiesel synthesis from Styrax officinalis L. seed oil as a 

novel and potential non-edible feedstock: A parametric optimization study through the Taguchi 

technique. Fuel, 265, 117025. 


