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Colon cancer is considered one of the main causes of cancer-related deaths worldwide, and the search for new therapeu-

tic agents with selective toxicity remains a priority. The present study aimed to evaluate the cytotoxic activity and molecular 

mechanisms of the Saussurea costus roots extract against the human colon cancer cell line HRT-18 compared with normal 

fibroblast cells NHF. The half-maximal inhibitory concentration (IC50) was determined using the MTT assay after 48 hours 

of treatment, and the selectivity index (SI) was calculated. Additionally, the pattern of cell death was assessed using quantita-

tive and qualitative analyses of Live/Dead and Acridine Orange/Ethidium Bromide (AO/EB) assays, along with the evalua-

tion of DNA damage. The Saussurea costus roots extract showed dose-dependent toxicity against HRT-18 cells with an IC50 

value of 168.6 μg/mL, with a high selectivity index toward cancer cells (1.61), compared with normal NHF cells. Quantita-

tive analysis of the Live/Dead assay confirmed a highly significant decrease in the viability of treated cells. Furthermore, 

AO/EB images revealed distinctive morphological changes of apoptosis, including chromatin condensation and formation of 

apoptotic bodies. In addition to the evidence of DNA damage, the extract exerted a strong inhibitory effect on HRT-18 cell 

migration in the wound healing assay, causing an expansion of the scratch area by -58.7% compared with its contraction by 

+22.5% in the control group, indicating that it has dual cytotoxic and migration-inhibiting activity. The results collectively 

indicate that Saussurea costus roots extract has a promising anticancer activity against HRT-18 cells and acts by inducing 

programmed cell death accompanied by DNA damage while maintaining high selectivity toward cancer cells. These data 

support conducting further studies to evaluate its potential development as a therapeutic agent. The extract has promising 

efficacy as an anti-colon cancer agent by inducing apoptosis and inhibiting the invasive property of cells.  

Keywords: colon cancer; Saussurea costus; DNA damage; HRT18; selective cytotoxicity; apoptosis; cell migration.  

Introduction  

 
The second most fatal type of cancer is colon cancer, with a fre-

quency of 4–5% in the Western population, occurring in the colon or 
rectum as a result of the uncontrolled growth of glandular epithelial 
cells (Mármol et al., 2017; López-Cabanillas et al., 2025). The global 
frequency of colon cancer is estimated to rise by 60% between pre-
sent time and the year 2030, with about 2.2 million new cases recorded, 
and mortality rate increasing to 1.1 million deaths (Mattiuzzi et al., 
2019). Inflammatory bowel diseases such as ulcerative colitis and 

Crohn’s disease can increase the risk of developing colon cancer by 
two to three times (Shah & Itzkowitz, 2022). Several other factor can 
be involved in the development of colon cancer, such as family histo-
ry, physical inactivity, smoking, high fat diet, high alcohol consump-
tion, diabetes, and overweight (Johns & Houlston, 2001; Meyerhardt 
et al., 2003; Huxley et al., 2009; Siegel et al., 2023).  

Saussurea costus is a medicinal plant belonging to the Costaceae 
family, which can be found in regions of Himalayas, North America, 

Europe, and Asia (Vijayalakshmi et al., 2022). It has been used for a 
long time as a medicine to treat throat infection, headache, cough and 
cold, ulcer, and rheumatism (Lis & Olas, 2019). Saussurea costus 
extract demonstrated potent anticancer action in human neuroblasto-
ma (Tabata et al., 2015), prostate cancer (Kim et al., 2012), liver can-
cer (Al-Radadi, 2022), gastric cancer, lung cancer (Gao et al., 2024), 
endometrium cancer (Selek et al., 2018), breast cancer (Binobead 
et al., 2024), and pancreatic cancer (Pavan Kumar et al., 2016). Its 

anticancer, anti-inflammatory, antibacterial, antifungal, and antioxi-
dant activities have garnered the attention of scientists, encouraging 
them to discover the fundamental mechanisms underlying these acti-
vities (Shati et al., 2020). This plant has an extended history of tradi-
tional use in diverse indigenous health systems for addressing various 
conditions, demonstrating carminative, expectorant, antiarthritic, anti-

septic, aphrodisiac, anodyne, and vermifuge effects, all of which have 

been observed without any apparent adverse consequences (Madhuri 
et al., 2012; Ali & Venkatesalu, 2022; Vijayalakshmi et al., 2022).  

Conventional therapeutics for cancer, including chemotherapy, 
radiation, hormonal, and targeted therapies, have been applied. How-
ever, these therapeutic options are accompanied by many side effects. 
Therefore, study of plants that contain biologically active compounds 
that can treat cancer has become urgent, so the aim of this study was a 
comprehensive evaluation of the cytotoxic activity and the underlying 
molecular mechanisms of the growth-inhibitory effect of the of meth-

anolic root extract of Saussurea costus on the human colon cancer 
cell line HRT-18 by determining its half-maximal inhibitory concen-
tration (IC50), assessing its selectivity toward normal fibroblast cells 
(NHF) through calculating the selectivity index (SI), and identifying 
the pattern of programmed cell death using Live/Dead and AO/EB 
assays, while verifying its ability to induce DNA damage as a poten-
tial mechanism of its toxicity.  

 

Materials and methods  

 
Dried S. costus roots were obtained from the local market and 

identified in the plant laboratory of the Center of Desert Studies at the 
University of Anbar. Prior to extraction, the roots were washed to 
remove dirt and impurities, and then dried in an oven at a low temper-
ature (<40 °C) to prevent loss of volatile compounds. The sample was 
then ground into a fine powder using an electric mill, with a particle 

size of ≤1 mm.  
The cold soaking solvent method was used to extract the active 

compounds. Sample to solvent ratio was 50 grams of root powder 
added to 500 mL of analytical methanol ≥99% (1:10 w/v ratio). 
A glass vial was placed on a shaking platform for 30 minutes to en-
sure thorough mixing. The sample was then left to infuse for 48 hours 
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at room temperature (~25 °C), with the vial shaken daily. After the 
infusion period, the extract was filtered using a paper filter to remove 
solids and collected in a clean glass container.  

Methanol was evaporated under reduced pressure at 40–45 °C us-
ing a rotary evaporator to obtain a concentrated, viscous extract. 

The extract was stored in shaded glass vials at 4 °C to prevent ox-
idation and loss of biological activity (Fig. 2). The resulting extract 
was ready for chemical analysis using techniques such as GC-MS, as 
well as for biological studies (antimicrobial, antioxidant, or anticancer 
activity).  

The chemical constituents of the Saussurea costus root extract 

were analyzed using gas chromatography–mass spectrometry (GC-
MS). The test was performed with a GC-MS system equipped with 
an autosampler. The GC investigation was performed by means of a 
Shimadzu GC-2010 gas chromatograph joined with a QP2010 Plus 
mass spectrometer. The injector temperature was maintained at 
280 °C, and the oven temperature was primarily set at 80 °C and held 
for 2 min, then augmented at a rate of 10 °C/min until reaching 
300 °C, where it was held for 6 min. The injection was done in split 

mode with a split ratio of 15:1. The carrier gas flow was managed 
under pressure at 100 kPa, with a total flow rate of 26.4 mL/min and a 
column flow of 1.46 mL/min. The linear velocity of the carrier gas 
was 44.5 cm/s, while the purge flow was managed at 3.0 mL/min.  

The mass spectrometer was operated with an ion source tempera-
ture of 200 °C and an interface temperature of 250 °C. The solvent 
cut time was set to 2.0 min to prevent solvent interference. Mass spec-
tra were recorded in scan mode within a mass range of m/z 40–550. 

The scan speed was 1111 amu/s, with an event time of 0.5 s.  
Samples were injected using an AOC-20i autosampler. The injec-

tion was performed under normal injection mode with a syringe wa-
shing volume of 8 µL, and the system was equilibrated for 3 minutes 
before analysis to ensure stable baseline conditions.  

The identification of chemical constituents was carried out by 
comparing the obtained mass spectra with those available in the NIST 
Mass Spectral Library database. The mass spectra of the detected 
compounds were matched with reference spectra in the library, and 

identification was based on the similarity index together with the 
comparison of retention times.  

In addition, the relative percentage of each compound was calcu-
lated based on the peak area normalization method from the total ion 
chromatogram (TIC), assuming that the sum of all detected peak are-
as represents 100% of the volatile components present in the sample.  

To improve the reliability of compound identification, the reten-
tion indices (RI) of the detected compounds were calculated and 

compared with those reported in the literature. The retention index 
values were determined using a homologous series of n-alkanes ana-
lyzed under the same chromatographic conditions. 

The calculated RI values were then compared with published RI 
data and those available in the NIST Mass Spectral Library database. 
Compound identification was considered reliable when both the mass 
spectral matching and the retention index values were consistent with 
reference data.  

Derived from the intestinal tissue of a 67-year-old male with ade-
nocarcinoma, HCT-8 (also known as HRT-18) cells were employed 
in oncological and toxicological studies. In addition, normal human 
fibroblasts (NHF) sourced from adipose tissue were used.  

Exponentially growing cells were cultured in MEM (US Biologi-
cal, USA) containing 10% (v/v) fetal bovine serum and 100 U/mL pe-
nicillin-streptomycin (Capricorn-Scientific, Germany). The culture was 
maintained at 37 °C in a humidified incubator (Salman et al., 2021).  

For the monolayer confluence, cells were cultured in 96-well 
plates (NEST Biotech, China) at a concentration of 10,000 cells/well. 
The plates were then maintained at 37 °C for 72 hours. Cell viability 
and potential cytotoxicity were assessed using the MTT. Exposure of 
cells to S. costus methanol extract was performed at concentrations of 
1000, 500, 250, 125, 62, and 31 μg. At 72 h posttreatment, the wells 
were treated with 28 µL of a 2 mg/ml MTT solution. The mixture 
was incubated for three hours; then each well was treated with 100 μL 

of DMSO and subsequently incubated for 15 min. A microplate read-

er was employed to determine the optical density at 492 nm. The per-
centage of cytotoxicity was determined using the formula below:  

Cytotoxicity % = (OD Control – OD sample)/OD Control × 100 

where OD control refers to the average optical density of untreated 
wells, while OD sample represents the OD of treated wells.  

Apoptosis induction in the control and treated cell lines was as-
sessed using Acridine Orange/Propidium Iodide (AO/PI) staining. 
Cells were seeded at a density of 5 × 104 cells/well and treated with 
the root extract for 24 hours at 37 °C. To perform conventional dual 
staining, 50 µL of AO/PI staining solution was added to each test 
well. The incubation was conducted at room temperature for a dura-

tion of 30 seconds. Once the stain was washed away, sample imaging 
was acquired using a Leica fluorescent microscope (1). Fluorescence 
intensity was quantified using the Image software.  

The effect of the Saussurea costus root extract on the migratory 
ability of HRT-18 colon cancer cells was evaluated using the wound 
healing assay. Cells were seeded in 6-well plates at a density of 3×105 
cells/well and incubated at 37 °C and 5% CO2 until a complete 100% 
monolayer formed. A uniform linear scratch was made in the center 

of each well using a sterile 200 μL pipette tip. After washing with 
PBS to remove floating cells, fresh medium containing the half-
maximal inhibitory concentration (IC50) of the extract was added to 
the treatment group, and an extract-free medium was added to the 
control group. The scratch area was imaged at zero time (0 h) and 
after 72 hours of incubation using an inverted microscope equipped 
with a camera at 10X magnification. After 72 hours, the cells were 
fixed with 4% paraformaldehyde and stained with 0.5% crystal violet 

for 10 minutes to enhance contrast. The scratch width (μm) was 
measured in three random fields per well using ImageJ software 
(NIH, USA). The scratch shrinkage percentage was calculated using 
the equation:  

Scratch shrinkage (%) = W0h − W72h / W0h × 100, 
where W0h represents the scratch width at time zero and W72h re-
presents the width after 72 hours. Positive values indicate scratch 
contraction and cell migration, while negative values indicate scratch 
expansion and cell death. The experiment was performed in three 

independent replicates, and the results were statistically analyzed 
using ANOVA, with differences considered significant at P < 0.05. 
Images of the scratch were captured using an inverted microscope at 
10X magnification at time zero (0 h) and after 72 hours of incubation. 
The images were analyzed qualitatively and quantitatively.  

The obtained data were statically analyzed using Tukey's 
ANOVA multiple comparisons test with GraphPad Prism 8. The va-
lues were presented as the mean ± SD of triplicate measurements.  

Ethical approval for the study was obtained from the Institutional 
Research Ethics Committee, and all procedures were conducted in ac-
cordance with the principles of the Declaration of Helsinki.  

 

Results  

 
GC-MS analysis of Saussurea costus root extract revealed 31 

chemical compounds. The most abundant compounds in the sample 

were lignocerol (30.51%), cyclotetradecane (9.21%), 5-hydroxyme-
thyl-2-furaldehyde (9.20%), (Z)-18-octadec-9-enolide (8.66%), and 
2,3-dihydro-3,5-dihydroxy-6-methyl-4h-pyran-4-one (5.87%). These 
peaks represent approximately 63–70% of the total volatile compo-
unds, indicating that the biological activity of the extract may be pri-
marily related to them. The compounds were typically identified by 
comparing their mass spectra with the NIST Mass Spectral Library 
database. The intermediate concentration compounds (1–5%) include 

peaks 1, 2, 3, 6, 9, 10, 11, 17, 19, 20, 22, 25, 26, and 27. These indi-
cate the presence of a variety of secondary compounds. The low con-
centration compounds (<1%) include peaks 8, 12, 13, 14, 15, 18, 21, 
28, 29, 30, and 31 (Table 1, Fig. 3). These are trace compounds that 
may possess biological activity despite their low concentrations. GC-
MS results indicate that the extract contains a high number of volatile 
and semivolatile compounds, which may be responsible for the plant's 
biological properties, such as antibacterial, antioxidant, and antitumor 

activities.  
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Table 1  
GC-MS profile of Saussurea costus methanolic root extract  

Peak RT Profile 
Area, 

% 
Class 

1 2.041 2,3-dihydroxymaleic acid 1.67 dicarboxylic acids 

2 2.412 2,3-butanediol 1.07 alcohol 

3 6.458 
1,5-dimethylpyrazole-3,4-

diamine 
2.24 alkaloid 

4 7.439 
2,3-Dihydro-3,5-dihydroxy-6-

methyl-4h-pyran-4-one 
5.87 pyranone 

5 8.809 5-Hydroxymethyl-2-furaldehyde 9.20 furaldehyde 

6 9.760 Amyl caprylate 1.21 fatty acid ester 

7 12.243 glycero-galacto-Heptose 4.83 sugar 

8 12.929 D-Gluco-2-heptulose 0.57 sugar 

9 13.705 
6-Methoxy-1,2,3,4-tetrahydro-

1,2-naphthalenediol 
2.76 naphthalene 

10 14.424 L-Isoleucine b-naphthylamide 1.52 
amino acid 

derivatives 

11 14.667 2-Heptyloxirane 3.56 ether 

12 15.567 2-(Dimethylamino)phenol 0.58 phenol 

13 15.781 D-Gulonic acid γ-lactone 0.79 sugar acid 

14 16.140 Epoxychrysanthenone 0.52 terpenoid 

15 16.683 8-O-senecioyltovarol 0.50 terpenoid 

16 16.998 Cyclotetradecane 9.21 cycloalkane 

17 17.417 
Methyl 13-

methylpentadecanoate 
1.00 fatty acid ester 

18 17.573 Guaiyl citronellate 0.47 terpenoid 

19 17.947 palmitic acid 2.19 fatty acid 

20 18.078 Farnesiferol C 1.31 coumarin 

21 18.463 
3-Isopropyl-6-methyl-2-(2-

oxopropyl)cyclohexanone 
0.51 terpenoid 

22 18.636 Dehydrocostus lactone 2.33 sesquiterpenoid 

23 19.108 Lignocerol 30.51 fatty alcohol 

24 19.741 (Z)-18-Octadec-9-enolide 8.66 lactone 

25 20.878 Pseudoecgonine (6CI,7CI) 1.19 alkaloid 

26 21.692 1,4-Diazabicyclo[3.2.2] nonane 1.35 alkaloid 

27 23.276 
Piperonal, (2,4-

dinitrophenyl)hydrazone 
1.72 alkaloid 

28 24.118 Does not match 0.75 – 

29 25.254 Furfuryl glycidyl ether 0.79 lactone ether 

30 26.546 2-tert-Butylcyclohexyl acetate 0.67 cycloester 

31 28.107 methyl (Z)-octadec-15-enoate 0.46 fatty methyl ester 
 

To evaluate the cytotoxic activity of Saussurea costus methanolic 
root extract toward human rectal tumor, 18 (HRT-18) and normal 

human fibroblast (NHF) cells were incubated with different doses 
(1000, 500, 250, 125, 62, 31 μg/mL) of the extract. After 72 hours of 
incubation, the cell viability was assessed by the MTT assay. The 
results of the MTT assay showed that the cytotoxicity of the extract to 
HRT-18 cells was dose-dependent, as the cell growth inhibition rate 
increased from 8.53% at a concentration of 31.2 μg/mL to 65.15% at 
a concentration of 1000 μg/mL. By contrast, the extract showed low 
toxicity for normal NHF cells, with the inhibition percentage ranging 

from 1.34% at a concentration of 31.2 μg/mL to 18.51% at the high-
est concentration of 1000 μg/mL (Fig. 4). When comparing the effect 
on both cell lines at a concentration of 1000 μg/mL, it was observed 

that the toxicity to cancerous HRT-18 cells, 65.15%, was approxi-
mately 3.5 times higher than the toxicity for normal NHF cells, 
18.51%, confirming a selective effect of the extract.  

a  

b  

Fig. 1. Dose-response curve showing the reduction in cell viability 
induced by the methanolic extract of Saussurea costus roots  
in HRT-18 (a) and NHF cell line (b): Concentration (μg/mL)  

is plotted on the x-axis, while the corresponding  
cytotoxicity (%) is shown on the y-axis  

The microscopic examination revealed that treatment of HRT-18 
cells with the root extract resulted in a marked destruction of the mo-
nolayer, with a significant decrease in the cell density and a change to 

a shrunken, rounded shape, indicating a cytotoxic effect. Meanwhile, 
the normal NHF cells treated with the same substance showed only 
minor changes, with most cells retaining their normal spindle shape 
and high density, suggesting resistance to the cytotoxic effect (Fig. 5a, 
5b, 6a, 6b).  

The root extract exerted a selective cytotoxicity, effectively kill-
ing the HRT-18 cancer cells, but hardly affecting the normal NHF 
cells. In other words, the S. costus root extract targeted the tumor and 
did not significantly harm the healthy cells.  

 

a  b  

Fig. 2. HRT-18 cells: a – untreated, b – treated with Saussurea costus methanolic root extract  
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a  b  

Fig. 3. NHF cells: a – untreated (control), b – treated with Saussurea costus methanolic root extract  

a  b  

Fig. 4. IC50 curve of the Saussurea costus methanolic root extract for (a) HRT-18 and (b) NHF cells: The root extract's potency was determined  
by graphing the log concentration (x-axis) versus cell inhibition percentage (y-axis), where the signifies 50% reduction in viability  

The inhibitory concentration value for 50% of the cells (IC50) was 
calculated from the dose-response curves. The IC50 value of the sub-

stance for HRT-18 cancer cells was 168.6, while it was 271.4 for 
normal NHF cells.  

To calculate the selectivity of the substance toward cancer cells, 
the following equation was used: SI = IC50 NHF/ IC50 HRT‑18 = 
271.4 / 168.6 = 1.61. The selectivity index value of 1.61 indicates that 
the substance has moderate selectivity for HRT‑18 colon cancer cells, 
as it requires a concentration 1.6 times higher to inhibit 50% of nor-
mal cells compared with cancer cells.  

The results of photometric absorbance showed a significant de-
crease (P < 0.0001) in the viability of HRT-18 cells starting from a 
concentration of 125 μg/mL and above compared with the untreated 
control cells, while the effect was not significant at a concentration of 
31.25 μg/mL (Fig. 4). This indicates that the minimum effective con-
centration of the extract is 62.5 μg/mL (P < 0.01).  

The optical density values of NHF cells showed an insignificant 
decrease in the cell viability at low concentrations of 31.25 and 
62.5 μg/mL (P > 0.05, Fig. 8). A slight significant effect was observed 

(P < 0.05) at 125 and 250 μg/mL, while a highly significant effect 
(P < 0.0001) appeared only at high concentrations of 500 and 
1000 μg/mL. Nevertheless, the optical density values of NHF cells 
remained much higher than those of HRT-18 at all tested concentra-
tions, confirming the relative selectivity of the extract.  

To confirm the effect of the extract on the viability of HRT-18 
cells and to determine the pattern of cell death, the calcein-AM/propi-
dium Iodide assay was used after treatment with the IC50 concentra-

tion (168.6 μg/mL) for 48 hours. The results showed a highly signifi-
cant decrease in the fluorescence intensity of live cells (P < 0.01) in 
the treated group compared with the control, with an observed in-
crease in the fluorescence intensity of dead cells, although it did not 
reach statistical significance (Fig. 5). This result confirms that the 
substance induces death in HRT-18 cancer cells and supports the 
results of the MTT assay.  

HRT-18 cells were treated with Saussurea costus methanolic root 

extract at IC50 concentration (168.6 μg/mL) for 48 h and stained with 
Acridine Orange/Ethidium Bromide. (A) Untreated control cells exhi-
bited uniform green fluorescence, indicating viable cells with intact 
DNA and membrane. (B) Treated cells exhibited orange/red fluores-
cence, characteristic of early and late apoptotic cells with DNA frag-
mentation and membrane blebbing.  

a  

b  

Fig. 5. Time-dependent optical density (OD) of cells exposed  

to Saussurea costus methanolic root extract: a – HRT-18 cell line;  
b – NHF cell line; absorbance (492 nm) is plotted against concentra-

tion in μg/mL; data points are shown as the mean ± SD,  
based on three independent measurements  
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Images were captured at 200x magnification. Representative im-
ages from three independent experiments are presented. These visual 
results correspond with the significant decrease in viable cells ob-

served in the Live/Dead assay (Fig. 7) and indicate that the main 
mechanism of the substance's toxicity is the induction of apoptosis.  

The antimigratory effect of Saussurea costus root extract was 
evaluated using a wound healing assay. Microscopic images showed 
that cells in the untreated control group had active migratory ability, 
as a clear contraction in the scratch area was observed after 72 hours 
of incubation due to the migration of cells from the wound edges to-
ward the center. By contrast, treatment of the cells with the IC50 inhib-

itory concentration of the extract resulted in a complete inhibition of 
migration, and instead a noticeable widening of the scratch area was 
observed, along with a decrease in cell density at the edges and the 
appearance of irregular morphology, indicating the occurrence of a 
cytotoxic effect. When analyzing the results quantitatively, cell migra-
tion was expressed as a percentage of scratch closure. The control 
group showed a positive scratch closure of +22.5 ± 18.3%, reflecting 
the natural migration of cancer cells. By contrast, the treated group 

showed a negative scratch closure of – 58.7 ± 32.1%, indicating that 
the extract not only inhibited migration but caused the scratch to wid-
en due to cell death at its edges. The difference in scratch closure 

percentage between the treated group and the control group was high-
ly significant (P < 0.0001). Together, these results indicate that the 
extract has a dual effect, both inhibiting migration and being cytotoxic 

to the HRT-18 cell line.  

  

Fig. 6. Live/dead fluorescence assay of HRT-18 cells  
treated with Saussurea costus methanolic root extract  

 

a     

b     
Fig. 7. Morphological assessment of apoptosis in HRT-18 cells using AO/EB dual staining:  

a – HRT-18 cells control (untreated); b – HRT-18 cells treated  

a  b  c  

Fig. 8. Representative microscopic images (10X magnification, crystal violet stain) showing the scratch area at time zero (0 h),  
and after 72 hours in untreated cells and cells treated with the IC50 concentration; a – 0 time; b – untreated; c – treated  
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Fig. 9. Quantitative analysis of cell migration expressed as a per-
centage of scratch contraction: Negative values indicate scratch  

expansion due to cell death at the edges; data are presented as mean ± 
standard deviation (n = 3); * – P < 0.0001 by unpaired t-test  

 

Discussion  

 
Many studies have confirmed the anticancer activity of Saussurea 

costus root extract toward several kinds of cancer cells, including 
HepG2 (Alotaibi et al., 2021), breast cancer cells (MCF7), and human 
colon cancer (Patel et al., 2020). Therefore, Saussurea costus has 
emerged as an important candidate for the creation of active and secure 
anticancer medicines. Phytochemical tests have documented S. costus 
root as a unique source of bioactive complexes, such as sesquiterpe-
nes, flavonoids, lignans, phytosterols alkaloids, terpenes anthraquino-
nes, and flavonoids (Hassan & Masoodi, 2020). The results showed 

the presence of trepenoids compounds, such as epoxychrysanthenone, 
8-O-senecioyltovarol, guaiy-l citronellate, and 3-isopropyl-6-methyl-
2-(2-oxopropyl) cyclohexanone. Terpenoids display anticancer featu-
res by inducing cancer cell apoptosis through the activation of caspa-
ses, augmenting ROS, and promoting mitochondrial membrane po-
tential impairment (Amit et al., 2025). Terpenoids hinder critical cell 
signaling paths in the cancer cells (including MAPK, PI3K, and 
AKT) that initiate cancer cell development and maintain their durabil-
ity (Guo et al., 2024). Also, terpenoids restrict the ability of cancer 

cells to create new blood vessels (angiogenesis) and reduce epithelial-
mesenchymal transition, the two mechanism required for cancer me-
tastasis (Fakhri et al., 2023). Many terpenoids exert antagonistic effect 
for p53-MDM2, helping to effectivey restore p53 (particularly in 
colon cancer) by targeting protein kinase B (Muhseen & Li, 2020).  

Alkaloids, a prominent component of S. costus, display antican-
cer effects due to their antimitotic activity, and are able to disrupt the 
cancer cell division by binding to tubulin proteins, inhibiting the crea-

tion of microtubules, which are crucial components for chromosome 
segregation during mitosis. Thus, the cancer cell cycle is blocked in 
the M or G2/M phase (Alam et al., 2017; Sun et al., 2019). Alkaloids 
prompt apoptosis in cancer cells through several internal and external 
signaling paths that are critical for cancer cell endurance and prolife-
ration. In addition, they can moderate the p53 path, improving its 
tumor-inhibiting effects by stimulating apoptosis as a result of cellular 
stress and DNA damage in cancer cells. Furthermore, several alka-

loids inhibit the NF-κB path, thereby suppressing tumor endurance 
and proliferation (Olofinsan et al., 2023). Alkaloids also play a major 
role in inhibiting angiogenesis, the creation of new blood vessels that 
facilitate tumor metastasis. Some alkaloids, such as allicin, have the 
ability to reduce the action of matrix metalloproteinases (MMPs), 
which are implicated in the breakdown of extracellular matrix constitu-
ents essential for tumor invasion and migration (Rizeq et al., 2020).  

Numerous studies have explored the mechanisms of the in vivo 

anticancer activity of S. costus. It was found to be associated mostly 
with the initiation of apoptosis through triggering pro-apoptotic pro-
teins such as p53 and Bax, while constraining anti-apoptotic proteins 
such as Bcl-2. These actions result in cancer cell apoptosis and cell 
cycle arrest. In addition, it modifies definite signaling paths such as 
EGFR, inhibiting the cancer cell proliferation and invasion. It also re-
duces PI3K/Akt and MEK/P38 paths, thereby lessening the inflam-
matory response by reducing the concentrations of TNF-α and NF-
κB. Furthermore, S. costus was observed to stimulate the production 

of reactive oxygen species (Alghamdi et al., 2025).  

6-Methoxy-1,2,3,4-tetrahydro-1,2-naphthalenediol damages can-
cer cells principally by prompting apoptosis through mitochondrial 
dysfunction and cell cycle arrest. It affects cancer cells chiefly by 

generating reactive oxygen species (ROS) and increasing oxidative 
stress levels, thus leading to broad DNA injury and hindering mito-
chondrial ATP creation (Saleem et al., 2025). Moreover, naphthalene 
derivatives, such as naphthalene diimide, have been revealed to inhib-
it the catenin/c-myc paths and decrease cancer cell proliferation, espe-
cially in gastric cancer models (Kumar et al., 2022).  

Dehydrocostus lactone is a natural sesquiterpene lactone that af-
fects cancer mainly by inhibiting the NF-κB/COX-2 way by directing 

IKKβ and suppressing the STAT3 signaling path in glioblastoma, 
which is critical for cancer cell growth (Wang et al., 2017). In another 
study, dehydrocostus lactone inhibited the proliferative and metastatic 
abilities of HepG2 and SK-HEP-1 cells. These effects were achieved 
by initiating DNA damage, blockage of cancer cell cycle, and induc-
tion of cell apoptosis by activating the p53/p21 path and inhibiting 
epithelial-mesenchymal transition (EMT) (Tian et al., 2023). It was 
recognized that dehydrocostus lactone suppresses MMP-9 excretion 

and initiates TIMP-2 excretion to inhibit migration of DU145 and 
TRAMP-C2 cells (Kim et al., 2008).  

The GC-MS investigation identified (Z)-18-octadec-9-enolide as 
a notable compound in the S. costus roots. In another study, the same 
compound was derived from Lactiplantibacillus plantarum K25 and 
displayed a promising role in treating colorectal cancer by modifying 
aquaporin-8 (AQP8) as well as modulating gut microbial-membrane 
ecosystem. This metabolite is able to suppress tumor development by 

decreasing tumor cell proliferation, promoting apoptosis, and chang-
ing the tumor microenvironment, with little toxicity and great specifi-
city (Aziz et al., 2025).  

By using GC-mass analysis, the compound 2,3-dihydro-3,5-di-
hydroxy-6-methyl-4H-pyran-4-one was found in S. costus root ex-
tract. It was observed to induce cancer decay mainly by prompting 
apoptosis and preventing the proliferation of cancer cells, chiefly in 
colon cancer. Furthermore, it inhibits the transcription factor NF-κB, 
defeating anti-apoptotic genes such as Bcl-2, and triggering pro-

apoptotic proteins such as Bax plus caspase-3 (Ban et al., 2007).  
D-Glycero-D-galacto-heptose is a bioactive complex able of hin-

dering cancer cell growth, mainly in triple-negative breast cancer. It 
acts mainly by hindering the cyclooxygenase-2 enzyme, which is 
often overregulated in tumor cells and participates in inflammation as 
well as tumor progression (Clarion et al., 2014).  

The GC-MS results indicate the presence of 5-hydroxymethyl-2-
furaldehyde compound in S. costus root extract. It is a natural furan 

compound with the ability to reduce cancer cell metastasis, migration, 
invasion, and angiogenesis by blocking the AQP1 channels, critical 
for cancer cell motility. In addition, 5-hydroxymethyl-2-furaldehyde 
exhibits antioxidant and anti-inflammatory properties and is able to 
induce apoptosis and affect the cancer cell cycle by arresting the 
G0/G1 phase (Zhao et al., 2013; Chow et al., 2020).  

Coumarin is another compound that GC-MS analyses have 
shown to be present in the root extract of the S. costus. It inhibits 

cancer cell growth by inducing apoptosis through the disruption of the 
mitochondrial membrane, causing the release of cytochrome c and the 
triggering of caspase enzymes, thus dismantling cancer cells. Further-
more, coumarin exerted anti-angiogenesis effect by defeating the ex-
pression of vascular endothelial growth factor (VEGF) and matrix 
metalloproteinases (MMPs), which are crucial for creating new blood 
vessels and invading neighboring tissue (Shahbaz et al., 2024; Kubrak 
et al., 2025). Palmitic acid can prevent the growth of many cancer 

cells, primarily by prompting apoptosis and activating cellular stress. 
In addition, it can disrupt many signaling paths crucial for tumor cell 
endurance, including mitochondrial pathway. Also, it promotes fer-
roptosis, an iron-dependent system of cell death resulting from accu-
mulation of reactive oxygen species (Wang et al., 2023).  

 

Conclusion  

 

The present study showed that the S. costus methanolic root ex-
tract possesses selective antiproliferative activity against human colon 
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cancer HRT-18 cells with a high selectivity index. This effect was 
exerted through multiple mechanisms, including induction of pro-
grammed cell death through DNA damage, in addition to strong inhi-

bition of the cancer cells' migratory ability. Our observation of nega-
tive values for the scratch closure rate in the wound healing assay 
confirms that the compound not only inhibits migration but also ex-
erts an additional cytotoxic effect on cells at the wound edges. This 
dual cytotoxic and antimigratory activity makes Saussurea costus root 
extract a promising candidate for the development of anticancer drugs 
for colon cancer and a potential metastasis inhibitor. We recommend 
conducting future investigations to determine the precise molecular 

pathways responsible for migration inhibition and to evaluate its ef-
fectiveness in animal models.  
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