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Abstract

Background: Colorectal cancer is among the deadliest cancers in the world. Due to the oc-
currence of side effects related to current standard therapy, researchers are seeking better al-
ternative treatments. For many years, herbs have been a promising source for discovering
therapeutic compounds. Therefore, the primary objective of this research was to examine
the distinctive apoptotic and anti-inflammatory properties exhibited by Levisticum officina-
le Koch (lovage) on HT-29 and Caco-2 cell lines. Materials and Methods: The maceration
method was used to prepare different extracts (ethanol, dichloromethane, petroleum, and res-
idues) from the plant. These extracts were then tested on two colon cancer cell lines - HT-29
and Caco-2 - using the MTT assay to determine the half-maximal inhibitory concentration
(IC50) values. In addition, we evaluated the expression levels of several inflammatory genes
(IKKb, IKKa, and REIB) using real-time PCR. We also assessed Cox-2 protein expression
using western blot analysis. The western blot was also used to analyze apoptosis-related pro-
teins, including Caspase-3, BAX, and Bcl-2. Results: The dichloromethane extract of Le-
visticum officin (DELO) exhibited a high cytotoxic effect on Caco-2 and HT-29 cell lines,
with IC50 values of 106.0+2 pg/mL in HT-29 cells and 175.3+4 pg/mL in Caco-2 cells after
72 hours. None of the lovage extracts showed a significant cytotoxic effect on non-cancer-
ous cells (3T3 cell line). Furthermore, the group treated with DELO showed a lower expres-
sion level of inflammatory genes and COX-2 protein compared to the control group. Notably,
treatment with DELO resulted in an increase in Caspase-3 protein and BAX/Bcl-2 ratio in
both HT-29 and Caco-2 cells. Conclusion: According to this study, DELO has the potential
to act as an anti-inflammatory and anti-cancer agent. Further research on the compounds pres-
ent in DELO and their effect on various signaling pathways could help in the development of
new drugs for diseases where inflammation or cells escape from apoptosis play a crucial role.
[GMJ.2024;13:e3341] DOI:10.31661/gmj.v13i.3341
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Introduction

Colorectal cancer (CRC) ranks among the
prevalent malignancies globally, account-
ing for more than 8% of all fatalities each year
worldwide [1]. In recent years, the incidence
and death rate of this disease have signifi-
cantly increased in the Iranian population [2].
Studies have shown that medicinal herbs have
the potential to inhibit vital processes in can-
cerous cells, such as apoptotic pathways, and
may be effective in preventing various forms
of cancer. While surgery is the primary meth-
od used to treat CRC, many patients in the ad-
vanced stages of the disease may also benefit
from chemotherapy as an adjuvant treatment
[3-5]. Before the advent of modern pharmacy,
plants were the primary source of medication.
Today, herbal remedies are often viewed as
less invasive and safer forms of therapy [6].
The medicinal benefits of these remedies are
derived from their secondary metabolites,
which play no role in plant growth or repro-
duction [7]. In fact, a large number of drugs
currently used to treat cancer are of herbal
origin [8]. These substances have the ability
to specifically target metabolic, apoptotic, ox-
idative, and inflammatory pathways in cancer
cells [9].

The Apiaceae (Umbelliferae) plant lovage,
Levisticum officinale Koch, plays crucial
roles in the pharmacological, chemical, and
medicinal fields. This plant is mostly found in
certain areas of Iran and Afghanistan such as
the heights of the Hezar Mountains (Kerman,
Iran) [10, 11]. Its roots and leaves have been
utilized in cosmetic industries as well as med-
icine as a diuretic, anti-culinary, anti-spas-
modic, and anti-rheumatism [12]. Additional-
ly, it has antiseptic and antibacterial functions
and also is used to relieve migraine headaches
[13]. It has been demonstrated that the lovage
formulations have anti-inflammatory, antioxi-
dant, and apoptotic effects on cancerous cells
[14-17]. According to a study, it has been ob-
served that lovage essential oil actively influ-
ences the expression of genes related to apop-
tosis and cancers. Additionally, it also plays a
significant role in the regulation of ERKS and
p53 signaling pathways [14].

The whole body of lovage is aromatic and
has a variety of therapeutic benefits. The
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main components of lovage are Phthalides
and terpenes [18]. Phthalides are found in the
essential oils of Levisticum officinale W.D.J.
Koch and have antibacterial, antifungal, an-
ti-inflammatory, and antioxidant properties.
Furthermore, scientific evidence has demon-
strated that Z-ligustilide, a specific type of
monomeric phthalide, exhibits remarkable
anti-tumor, anti-inflammatory, and antioxi-
dant properties [19].

Terpenes, particularly monoterpenes, are
commonly found in Levisticum officina-
le W.D.J. Koch. Studies have shown that
a-pinene, B-pinene, myrcene, and limonene
have anti-cancer and apoptotic effects [20-
23]. Flavonoids are another important chem-
ical composition in this plant, with quercetin,
chlorogenic acid, caffeic acid, and luteolin
being the most prominent [24]. Multiple re-
search studies have extensively revealed the
anti-cancer properties of quercetin against a
wide range of cancer cell types, encompass-
ing breast, colon, prostate, ovary, endometri-
um, and lung tumors [10]. Furthermore, stud-
ies have shown that chlorogenic acid, caffeic
acid, and ferulic acid extracted from lovage
have strong antioxidant effects [11]. Research
has shown that chlorogenic acid has anti-in-
flammatory properties [25] and the ability to
inhibit the NF-xB pathway [26, 27].

Due to the potential therapeutic benefits of
Levisticum officinale Koch for a variety of
diseases, we conducted this study to inves-
tigate the cytotoxic, anti-inflammatory, and
apoptotic effects of plant extracts on colorec-
tal cancer cell lines.

Materials and Methods

Plant Materials, Chemicals and Reagent Kits
In the spring of 2020, fresh aerial parts of
lovage were gathered from Hezar mountain
in Kerman, Iran. Cell culture reagents, in-
cluding Dulbecco’s Modified Eagle’s Medi-
um (DMEM/F12), penicillin-streptomycin,
fetal bovine serum (FBS), and Trypsin-ED-
TA solution, were procured from GIBCO
company in New York, USA. The 3-(4,5-Di-
methylthiazol-2-yl)-2,5-Diphenyltetrazolium
Bromide (MTT) powder, dimethyl sulfoxide
(DMSO0), ethanol, and TRIzol solutions were
purchased from Merck KGaA in Darmstadt,
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Germany. Polyclonal antibodies targeting
B-actin, cleaved caspase-3, B-cell lymphoma
2 (BCL-2), BCL-2 associated X (BAX), and
Cyclooxygenases-2 (COX-2) were sourced
from Santa Cruz Biotechnology, Inc. in Cal-
ifornia, USA. Real-time PCR was conduct-
ed using High ROX RealQ Plus Master Mix
Green (2X) from Ampligon in Denmark. The
cDNA synthesis kit was obtained from Pars
Toos in Mashhad, Iran. Radio immunoprecip-
itation assay (RIPA) buffer and phenyl meth-
ane sulfonyl fluoride (PMSF) were provided
by Roche (Applied Science, Penzberg, Ger-
many). The remaining chemicals and reagents
employed in this study were all of analytical
grade quality.

Herbal Extraction

The aerial parts of lovage were subjected to au-
thentication by a certified herbalist, and a rep-
resentative sample of the specimen (voucher
number: KF1470) was diligently preserved at
the herbarium of the Pharmacognosy depart-
ment (Kerman Medical University, Iran), en-
suring its availability for future reference. The
air-dried plant leaves were used for extraction.
The dried leaves were ground to obtain a fine
powder and the maceration process was used
to extract lovage. 200 gr of the powder was
mixed with 1L of 80% ethanol on a shaker
(Behdad, Iran). After 24 hours, the Ethanolic
Extract of Levisticum officinale (EELO) was
filtered and separated three times. Afterward,
EELO was condensed in a rotary evaporator
(LABOROTA-4011, Heidolph, Germany)
at 50 °C and finally desiccated and dried in
a freeze dryer (Dena Vacuum, Iran) for 24h.
Fractionation is the sequential extraction of
components utilizing either extracting sol-
vents carried out by altering the polarity of
the solvents to produce an effective fraction
and determine the primary components of it
[28]. To prepare various fractions, a portion
of the dried EELO is dissolved in 50% etha-
nol before being added to petroleum ether and
thoroughly mixed in a decanter funnel. This
produces the petroleum ether phase (PELO),
which is then separated. Typically, this pro-
cedure is carried out three to five times until
the petroleum ether phase turns colorless. Fol-
lowing the drying process in an oven at 50°C,
the extract is further dried using a petroleum
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ether solvent. The residual extract in the fun-
nel was then mixed with dichloromethane
solvents, and the dichloromethane was sep-
arated and dried separately in an oven using
the same procedure as previously. Finally, the
residual extract in the oven is dried along with
the solution in the funnel. Until usage, the ex-
tracted powders are kept at -20 °C.

Cell Culture

The colorectal cancer cell lines (Caco-2 and
HT-29) and mouse embryonic fibroblasts cell
line (3T3) were purchased from the Iranian
Biological Research Center (Tehran, Iran). All
cell lines were cultured in T-25 flasks (SPL,
Korea) containing DMEM/F12 medium, 10%
FBS and 1% 100 U/ml penicillin/100 mg/ml
streptomycin solution, then incubated at 37 °C
in a humid environment with 5% CO2 until
confluence reached 80-90%. The cells were
passaged for 2-3 times and were used for sub-
sequent analyses.

MTT Cytotoxicity Assay

At the onset, a total of 10,000 cells were care-
fully seeded into individual wells of a 96-well
plate and given a 24-hour incubation period
for proper adherence. Following that, the cells
were exposed to different concentrations of
all extracts (ranging from 0 to 1000 pg/mL)
for varying time intervals (24 hours, 48 hours,
and 72 hours) in triplicate.

Then, 20 ul of DMEM/F12 medium contain-
ing MTT dye (5 mg/mL) was carefully intro-
duced into each well, followed by a 4-hour
incubation period. After removal of the solu-
tion from the wells, 100 ul of DMSO solution
was introduced to each well. The plates were
subjected to gentle shaking for a period of 2
minutes, following which the absorbance of
each well was measured at a wavelength of
570 nm using an ELISA plate reader (Epoch,
BioTek Instruments Inc., VT, USA).

RNA Extraction and RT-PCR

RNA extraction from both the treated and
control cells was performed using the TRIzol
solution according to a well-described pro-
tocol [29]. A Nano Drop 2000-c spectropho-
tometer (Thermo Fisher Scientific, USA) was
used to assess the concentration and quality
of the extracted RNA. Then, the Pars Toos
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cDNA synthesis kit was used to create the first
strand of cDNA from the total RNA as per the
manufacturer’s protocol.

The samples were incubated in a FlexCycler2
PCR thermal cycler (Analytik Jena, Germa-
ny) in the following conditions: 25 °C for 10
min, 47 °C for 60 min and a stop reaction at
85 °C for 5 min. The obtained cDNA sam-
ples were kept in a deep freezer until used.
A StepOne Real-Time PCR system (Applied
Biosystems, USA) was used to conduct PCR
amplification and evaluate the expression of
the target genes. The expression of GAPDH
was used as an endogenous control. The PCR
parameters were set as follows: an initial de-
naturation phase for one cycle at 95 °C last-
ing 15 minutes (hold cycle), succeeded by 45
cycles involving denaturation at 95 °C for 30
seconds and annealing/extension at 72 °C for
30 seconds each. The primer sequences are
detailed in Table-1 [30].

Western Blotting

Firstly, cells were seeded into 6-well plates
and then treated with different concentrations
of lovage for 24 h. Whole-cell proteins were
extracted with a lysis buffer and then quan-
tified with the Bradford assay. After creating
a mixture of the cells, the homogenates were
combined with SDS sample buffer and rap-
idly exposed to a temperature of 95°C for
10 minutes. After being loaded and electro-
phoresed on 10% SDS-PAGE gels, the sample
proteins were deposited at a rate of 50 g/well
into a polyvinylidene difluoride (PVDF, 0.45
um, Millipore# IPVH00010) membrane. The
PVDF membrane was electroblotted, blocked
in blocking solution (5% nonfat dry milk in
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TBST) for 1 h at room temperature, and then
washed for 15 min. The membrane was in-
cubated with a 1:1000 dilution of the prima-
ry antibodies (anti-Bcl-2, anti-Bax, cleaved
caspase-3 (p17), anti-Cox-2, and anti-B-actin)
and TBST buffer for an overnight at 4°C. Sub-
sequently, horseradish peroxidase (HRP) was
introduced and allowed to incubate at room
temperature for a duration of 2 h. Follow-
ing this, three washes with TBST were con-
ducted, and the specific protein bands were
detected using the Enhanced Chemilumines-
cence (ECL) Western blotting substrate from
Thermo Fisher Scientific, Shanghai, China.
The Image J software from Bio-Rad, USA,
was employed for the analysis of the protein
bands.

Statistical Methods

All data is provided as a Mean + SEM (stan-
dard error of mean). To compare qualitative
data, one-way analysis of variance (ANOVA)
and Tukey multiple comparisons were em-
ployed with GraphPad Prism 8 software (San
Diego, CA, USA) to find differences between
the control and experimental groups. Data
were considered to indicate a statistically sig-
nificant difference when a value of P < 0.05
was achieved.

Results

Dichloromethane Extract of Lovage has the
Highest Cytotoxic Activity

The IC50 (50% inhibitory concentration) val-
ues of four lovage extracts including Extract
DELO, EELO, Petroleum Extract of Levisti-
cum officinale (PELO), Residual Extract of

Table 1. Oligonucleotide Primers used for Quantitative RT-PCR

Gene Primer sequence (5'—3") le:;:l?l (e;p) T, (°O)
RELB Sense TGTGGTGAGGATCTGCTTCCAG 22 64.1
Anti-sense TCGGCAAATCCGCAGCTCTGAT 22 62.5
IKKA Sense ACAGAGTTCTGCCCGGTCCCT 21 64.4
Anti-sense CTGCTGAAGTCGGGGGCAGC 20 61
IKKB Sense CGCCCAATGACCTGCCCCTG 20 62.2
Anti-sense GGCACCTTCCCGCAGACCAC 20 61.5
Sense CCCTCTGGAAAGCTGTGG 18 57.2
GAPDH .
Anti-sense AGTGGATGCAGGGATGATG 19 62.6
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Levisticum officinale (RELO) against HT29,
Caco-2, and 3T3 cell lines at 24, 48, and 72
hours are shown in Table-2. A one-way ANO-
VA was conducted to analyze the data statis-
tically. At 24h, the DELO extract demonstrat-
ed the strongest cytotoxic activity against all
three cell lines, with the lowest IC50 values of
849.8 + 7 pg/ml for 3T3 cells, 320.3 + 1 pg/ml
for Caco-2 cells and 250.1 &+ 6 pug/ml for HT-29
cells (P-value<0.001). This trend continued at
48h and 72h time periods as well. Among the
other extracts, PELO generally showed high-
er cytotoxicity than EELO and RELO extracts
(P-value<0.001). Importantly, the IC50 val-
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ues for all extracts against the normal 3T3 cell
line were significantly higher than the cancer
cell lines (P-value<0.001), indicating reduced
toxicity against non-cancerous cells. Based on
these results, the DELO extract can be said to
exhibit the most potent cytotoxic effects in a
time-dependent manner against both Caco-2
and HT-29 cancer cell lines.

Effect of Extracts on the Expression of Inflam-
matory Genes

Analysis of qRT-PCR results with the com-
parative Ct (AACt) method showed inflam-
matory /KKa, IKKb, and REIB genes in both

Table 2. IC50 Concentration of Extract for 3T3, Caco-2, and HT-29 Cell Lines for 24h, 48h, and 72h.

Extract

Cell line EELO DELO PELO RELO P -Value
24h
<0.0001, <0.0001,
3T3 1175.7£3 ng/ 849.8+7 png/ 1061.3+5 pg/ 1213.5+2 <0.0001. <0.01,
ml ml ml pg/ml .
respectively
<0.0001, <0.0001,
Caco-2 747'3;13 ne/ 320'3;11 e 47120 pg/ml 117745 pgml  <0.0001,<0.001,
respectively
<0.0001, <0.0001,
HT29 406.1+4  250.1+6pg/ 322.1+7pg/ 11612+ 1 pg/ <0.0001. <0.0001,
pg/ml ml ml ml .
respectively
48h
<0.0001, <0.0001
+ + + + ’ ’
3T3 914.7+2 616.6+5ng/ 7563+1png/ 1184.7+4 pg/ <0.00001, <0.0001
pg/ml ml ml ml .
respectively
<0.0001, <0.0001,
Caco2  UEAMY ooy o g SO1OESHE 113327 <0.0001, <0.0001,
ml ml w/ml .
respectively
<0.0001, <0.0001,
Hr2o O1OFE3we 1S7T3E200 1089 %1 <0.0001, <0.0001,
ml ml wml )
respectively
72h
<0.0001, <0.0001,
3T3 76445 3946230l y3e g ygimt B8O EORE 65001 <0.0001,
pg/ml ml ml .
respectively
<0.0001, <0.0001
+ + + ’ ’
Cacoz ~ J003E3 17534 ug/ 2383E608/ 11514 7 0m <0.0001, <0.0001,
pg/ml ml ml )
respectively
<0.0001, <0.0001,
20 P01EC 060 gm0 ETRe 6299 dugl 6061 200001,
pg/ml ml ml

respectively

Each test was repeated for three times.

The IC50 values were calculated using the GraphPad Prism.

Statistical analysis was performed using one-way ANOVA.
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Figure 1. Relative expression of inflammatory genes including IKKa, IKKb, REIB in a) Caco-2 and b) HT29 cell lines. One-way ANOVA
was employed to conduct the statistical analysis. ****P < 0.0001 was considered significantly different. Each test was repeated for three

times. Graphical data denote mean + SEM.

HT29 and Caco-2 cell lines had a significantly
reduced expression in treated cells compared
to non-treated cells (control) at IC50 concen-
trations (P-value<0.001). For HT-29 cells, a
concentration-dependent significant decrease
of 0.4-, and 0.1-fold in the mRNA expression
of IKKa; 0.5-, and 0.1-fold in the mRNA ex-
pression of /KKb; and 0.3-, and 0.1-fold in the
mRNA expression of REIB at 63, and106 pg/
ml of DELO, respectively, was seen. Similar-
ly, for the Caco-2 cells, a concentration-depen-
dent significant decrease of 0.2, and 0.02-fold
in the mRNA expression of /KKa; 0.5, and
0.01-fold in the mRNA expression of IKKb;
and 0.3, and 0.1-fold in the mRNA expression
of REIB at 125, and 175 ug/ml of DELO, re-
spectively, was seen. The results were shown
in Figure-1.

L. officinale Induces Apoptosis in Colorectal
Cancer Cell Lntines

Dysregulation apoptosis is crucial to the de-
velopment and spread of cancer. The apopto-
sis pathway involves caspases, BAX, and Bc¢l-
2 in a significant way. Both Caco-2 and HT-29
cells were treated with DELO and western
blot analysis demonstrated that the expression
level of caspase-3 was markedly decreased in
these cells at both the IC50 concentration and
lower dosage. Bax/Bcl-2 ratio, which is an
indication of apoptosis, rose at IC50 concen-
tration and lower dosages in both cell lines.

It was also noted that Bcl-2, an anti-apop-
totic protein, was expressed less and Bax, a
pro-apoptotic protein, was expressed more.
Additionally, we used a western blot to assess
the expression of the Bax/Bcl-2 ratio. The
findings presented in Figure-2 and -3 exhibit
a notable elevation in the Bax/Bcl-2 ratio at
concentrations of 106.0 pg/ml and 175.3 pg/
ml, respectively.

Discussion

Cancer is a complex condition that involves a
delicate balance between cell growth and cell
death. When pro-apoptotic genes are over-
expressed or anti-apoptotic genes are under
expressed, it disrupts this balance and allows
dysregulated cells to evade apoptosis, leading
to uncontrolled proliferation. [31]. The pre-
dominant approach in cancer therapy involves
eradicating tumors through the initiation of
apoptosis. Bcl-2, recognized as an anti-apop-
totic member within the Bcl-2 family, serves
as a key regulator of apoptosis. Functioning as
a proto-oncogene, Bcl-2 hinders apoptosis by
impeding the discharge of cytochrome c from
the mitochondria, thereby obstructing the ac-
tivation of caspases. Upon exposure to dam-
age or stress signals, Bax monomers undergo
oligomerization, resulting in the liberation of
pro-apoptotic proteins and the initiation of
specific caspases [32]. The ratio of Bax to Bel-
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Figure 2. The protein expression level of Bax/Bcl-2 ratio, Caspase3, and COX-2 in a) Caco-2 and b) HT29 cell lines. Semi-quantitative
data of protein expression of Bax, Bcl-2, and caspase-3. B-actin was included as an internal control. One-way ANOVA was employed to
conduct the statistical analysis. ****P < 0.0001, ***P < 0.001, and **P < 0.01 and were considered significantly different. Each test was

repeated for three times. Graphical data denote mean + SEM.

2 expression is a crucial factor in determining
the fate of cells when faced with an apoptotic
stimulus. A higher Bax/Bcl-2 ratio decreases
the cell’s ability to resist apoptosis, resulting
in increased cell death and a lower likelihood
of tumor formation [33]. Caspase-3, a pivot-
al effector enzyme, assumes a crucial role in
apoptosis by cleaving essential cellular targets
responsible for chromatin condensation, DNA
fragmentation, and cytoskeletal breakdown.
These actions contribute to the significant
morphological alterations characteristic of
apoptosis [34]. Numerous studies have shown
that secondary metabolites found in plant ex-
tracts possess anticancer properties by dam-
aging DNA and inducing apoptosis in cancer
cells. The advantages of natural compounds
to chemotherapy drugs of unnatural origin are
natural compounds which are abundant in the
nature, also have lower toxicity and side ef-
fects. Therefore, it is crucial to explore herbal
remedies for natural anticancer compounds in
the treatment of cancer [35, 36]. The prima-
ry objective of our study was to examine the
cytotoxic impact of various extracts derived
from lovage (petroleum, ethanolic, residual,
and dichloromethane) on HT29, Caco-2 (col-
orectal cancer) and 3T3 cell lines (non-can-
cerous) using the MTT method. After deter-
mining the extract with the most cytotoxic
effect on cancer cells, we used it for treatment

in the subsequent steps. To investigate the an-
ti-inflammatory effect of lovage extract, we
evaluated the expression of genes involved in
NF-xB (IKKa, IKKb, and REIB) and COX-2
protein in treated cancer cells compared to un-
treated cells (control group) by RT-PCR and
western blot, respectively. Finally, we utilized
the western blot technique to analyze and com-
pare the expression levels of apoptosis-related
proteins (Bax, Bcl-2, and Caspase 3) between
the treatment group and the control group. The
MTT assay results showed that the DELO had
the highest level of cytotoxicity among all the
extracts, with IC50 values of 106 pg/mL, 175
pg/mL, and 394.6 pg/mL for HT29, Caco-2,
and 3T3 cell lines, respectively, after 72 hours
of treatment (P-value<0.0001). According to
previous studies, dichloromethane works well
as a solvent for terpenes and other non-polar
chemical compounds [37]. Remarkably, the
lavage extracts require a significantly higher
concentration to inhibit the growth of normal
3T3 fibroblast cells, compared to their effect
on Caco-2 and HT-29 cells. This can be at-
tributed to the compounds in the lovage se-
lectively activate pathways that lead to cell
death in cancer cells, while causing less harm
to normal cells.

Further research is needed to understand the
specific mechanisms behind this selective
effect. Lovage has been shown to have cyto-

GM1J.2024;13:e3341
www.salviapub.com

Lotfian Sargazi M, et al.




Lotfian Sargazi M, et al.

Control 63 106
Bax — —_—
saz e -
Caspase: | i @S
3
Cox-2 — q e
B-Actin

Effects of L. Officinal Extracts on Human Colorectal Carcinoma Cell Lines

Control 125 175
Bax A N w—
Bcl-2 e
Caspase-3 — —
COX-2 T— ——— S
p-Actin
- -

Figure 3. Effects of L. officinale on the Bax, Bcl-2, caspase-3, and COX-2 protein expression in a) HT29 and b) Caco-2 colorectal cancer
cell lines. Protein expression levels of Bax, Bcl-2, caspase-3, and COX-2 were assessed through western blotting techniques.

toxic effects on various cell lines in multiple
studies. For instance, a study by Sertel ef al.
[14] revealed that the IC50 value of lovage
essential oil was 292.6 pg/ml when tested
on head and neck squamous carcinoma cells
(HNSCC) using a cytotoxicity assay. ML Sar-
gazi et al. reported hydroalcoholic extract had
the IC50 value for MDA-MB-468 were 150
pg/ml and for MCF-7 200 pg/ml at 24 hours
as well as significant decrease in phosphodi-
esterase 5 (PDES) and intracellular cGMP in
treated cells compared to untreated cells. High
expression of PDES may play an important
role in cancer. Bogucka-Kocka and colleagues
[38] showed that Lovage hydroalcoholic ex-
tract had a cytotoxic effect on nine cell lines
of human leukemia. Furthermore, Sargazi et
al. [39] conducted a study to investigate the
cytotoxic effects of lovage extract on DU-145
and PC-3 cell lines. Their results showed that
the hydroalcoholic extract had cytotoxic ef-
fect on both cell lines. Additionally, Jambor
et al. [40] investigated the cytotoxic effects of
EELO on TM-3 mice cell lines which showed
that the EELO had a concentration-dependent
cytotoxic effect on TM-3 cells. While the
overall evidence from these studies suggests
that lovage extract possesses cytotoxic effects
on cancer cell lines, it is important to consider
that the specific type of extract utilized, the
cell lines employed for testing, and the meth-
odologies employed to assess cytotoxicity
could potentially influence the obtained re-
sults. Several studies have shown that lovage

has anti-inflammatory properties [18, 24, 41].
One of the most important substances found
in lovage extract is ligustilide, specifically
(Z)-ligustilide. The anti-inflammatory po-
tential of ligustilides has been established
through both in vitro and in vivo studies, and
(Z)-ligustilide, as a crucial component, holds
promise in the development of anti-inflam-
matory medications [12, 42]. This compound
works by inhibiting the NF-xB and MAPK
pathways specifically in macrophage cells.
Furthermore, terpenoids have also been found
to have anti-inflammatory properties and
could potentially be used as medicinal treat-
ments [43]. Studies have shown that these
terpenes can inhibit NF-kB activity [44].
The transcriptional activation of NF-«xB tran-
scription factors has an important role in con-
trolling the production of iNOS and COX-2.
In various types of cancer, particularly CRC,
the NF-xB pathway is of great importance.
Abnormal activation of NF-xB has been ob-
served in more than 50% of colitis-related
cancers.

This activation can contribute to tumor for-
mation by promoting cell growth and angio-
genesis, inhibiting cell death, and facilitating
cell invasion and metastasis [27, 44]. NF-xB
dimers are associated with NF-kB protein
inhibitors (I-Bs), including IKKa, IKKb, and
IKK/NEMO, in the cytosol. Upon stimula-
tion, [-Bs are phosphorylated and degraded,
releasing NF-kB proteins from their inhib-
itory influence and allowing them to move
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into the nucleus [44, 45]. COX-2 is induced
by cytokines and growth factors and converts
arachidonic acid to prostaglandin H2. Numer-
ous studies have shown that COX-2 plays a
significant role in regulating cancer-related
processes such as apoptosis, invasiveness, and
angiogenesis [46, 47]. In fact, COX-2 mRNA
expression has been found to be up to 80%
higher in CRC compared to nearby non-can-
cerous mucosa. Furthermore, research has
demonstrated that COX-2 inhibitors have the
potential to prevent and reduce CRC mortality
[48].

Our expression analysis indicated that the
DELO decreased IKKb, IKKa, and REIB gene
expression in both HT-29 and Caco-2 cells.
Additionally, COX-2 protein in the HT29
and Caco-2 cell lines has dramatically low-
ered, according to Western blot results. Our
research outcomes align with the findings of
Conlon et al. [49], who found that lovage ex-
tract may lower the levels of the inflammatory
cytokine generated by LPS stimulation test
of THP-1 (human monocytic) cells. Another
in-vitro study by Amraie et al. [50] investi-
gated the neuroprotective effects of lovage on
LPS-induced neuro inflammation.

Their findings showed that pre-treatment with
lovage extract reduced hippocampal IL-6
expression levels, demonstrating the anti-in-
flammatory activity of this extract in LPS-in-
duced neuro inflammation. These studies pro-
vide evidence that lovage extract may have
anti-inflammatory and anti-cancer effects. It
is suggested that these effects are achieved
through the downregulation of genes related
to inflammatory pathways.

Our Western blot analysis revealed that treat-
ment with the DELO can induce apoptosis
in the Caco-2 and HT-29 cell lines by mod-
ulating the expression of caspases, Bax, and
Bcl-2 proteins. We observed a notabletab-
let rise in the protein level of caspase 3 and
the Bax/Bcl-2 ratio within the treated groups
when compared to the control group. In line
with our findings, Sargazi ef al. [51] reported
that flow cytometry results of MDA-MB-468
and MCF-7 cells treated with hydroalcoholic
extract of lovage showed a 50% increase in
apoptosis rate at IC50 concentrations com-
pared to the control group. In addition, the
essential oil of lovage was found by Sertel

Lotfian Sargazi M, et al.

et al. [14] to be involved in the regulation of
multiple pathways, including extracellular
signal-regulated kinase 5 (ERKSY) signaling,
integrin-linked kinase (ILK) signaling, endo-
cytic pathways related to virus entry, and p53
signaling (a crucial tumor suppressor involved
in apoptosis induction) in HNSCC.

While this study has provided valuable in-
sights, it is essential to acknowledge its lim-
itations. One notable constraint is the absence
of in vivo experiments, which limits our abil-
ity to directly extrapolate findings to real-life
biological contexts. In vivo studies would of-
fer a more comprehensive understanding of
the practical implications of our results. Ad-
ditionally, the mechanisms of action underly-
ing the observed effects remain incompletely
understood, highlighting the need for further
investigation in this area. Future research en-
deavors should delve into elucidating these
mechanisms to enhance the robustness and
applicability of our findings. Recognizing
these limitations not only underscores the
scope of our current work but also paves the
way for more refined studies that can address
these gaps in knowledge.

Conclusion

In summary, our research revealed that the
DELO demonstrated the highest toxicity in
both HT-29 and Caco-2 cells. Additionally,
we observed that the plant has anti-inflamma-
tory properties by its impact on the expression
of genes associated with the NF-xB pathway
and COX-2 protein, as well as DELO has
apoptotic effect. These findings, in conjunc-
tion with previous studies, suggest that lovage
has potential as a treatment for cancer, Fur-
thermore, it shows promise in the treatment of
inflammation-related diseases.
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