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Colorectal cancer (CRC) is the second most common cancer ireales and the third
in males worldwide. Conventional therapy of CRC is limitedybsevere side effects and
by the development of resistance. Therefore, additional #rapies are needed in order to
combat the problem of selectivity and drug resistance in CR@atients. Inula viscosa(lV)
is a well-known medicinal perennial herb in traditional medne. It is used for different
therapeutic purposes, such as; topical anti-in ammatic, duretic, hemostatic, antiseptic,
antiphlogistic, and in the treatment of diabetes. Severaltadies attempted to reveal
the anti-cancer activity of different extracts prepared bylifferent organic solvents from
different parts of the IV plant. The aim of the present studysito examine the potential
bene cial effects of IV leaf aqueous extract on the growth otolon cancer cellsin vitro

and in viva The results indicated that exposure of colorectal cancer ells to IV extract,
signi cantly reduced cell viability in a dose and time depetdient manner. Moreover,
treatment of cells with 300 g/ml of IV extract induced apoptosis, as it was detected
by Annexin V/FITC/PI, TUNEL assay, and the activation of cpases. In vivo studies

revealed that treatment with 150 or 300 mg/kg IV extract intited tumor growth in mice
transplanted with MC38 cells. Tumors' weight and volume we signi cantly (P < 0.001)

reduced when compared to untreated-control group. Stainiig of the parafn section

of tumors revealed that IV treatment inhibited cell prolifation and induced apoptosis.
Additionally, no side effects such as; weight loss, behaviachanges, ruf ed fur or changes
in kidney, and liver functions were observed. These resultaay indicate that active doses
of IV extract are not toxic. Further studies are needed in ort to identify the structure
of the active compounds. Results from this study may contribte to the development of
new and ef cient strategies for treatment of human colon cacer.

Keywords: Inula viscosa , extract, colorectal cancer, apoptosis, caspases

INTRODUCTION

Colorectal cancer (CRC) is the second most common cancegrimafes after breast cancer and
the third most common cancer in males after lung and prostatecess. In 2018, the global
incidence of CRC in both sexes wad.85 million with 880,792 deaths worldwid&)(The rst
line of treatment for potentially curable CRC patients is ®ig(2), which is performed in 80%
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of patients, while half of them will experience a recurrence
of the disease3j. Adjuvant therapy, such as chemotherapy, is
administered in order to prevent local recurrence or distant
metastases. In patients with metastasis, chemotherapy is t
mainstay with the goal of prolonging survival and to maintain
quality of life ). The e ectiveness of chemotherapy has beer
limited by severe side e ects and by the development of resista
(4, 5). Therefore, conventional chemotherapy has no consiste
benet in overall survival. Additional therapies are theved
needed in order to combat the problem of selectivity and drug
resistance in CRC patients. Natural products are considere
to have anticancer activity with high e ectiveness and les
toxicity (6). More than 60% of drugs, currently in use for
cancer treatment, have been isolated from natural products a
numerous of them obtained from plant sourced.(In addition,
due to the vast use in traditional medicine, there has been
growing interest in the use of medicinal herbs as a potentia
candidate for new anticancer therapeutic drugs.

Inula viscosg1V) (L.) Ait. (syn. Dittrichia viscosaGreuter)
(CompOSitae) is a well-known medicinal perennial herb, nativ FIGURE 1 | Inula viscosa Photograph of the plant,Inula viscosa The
to the Mediterranean basinF{gure 1). It grows on hillslopes, | photograph was taken from a eld at Bar-llan University, RamaGan, Israel.
damp habitats and roadside®)( 1V has sticky leaves with bright
yellow owers that bloom between August and Novemb@. (n
traditional medicine, IV is used as a remedy plant, that eitib Ce|| Culture
several medical uses such as; anti-in ammatory, antipgreiid  yman colorectal cancer cell lines; HCT116 (well di ererid)
antimicrobial activity (0. Numerous studies have revealed the;q col0320 (poorly di erentiated) and the mouse murine
presence of di erent biologically active compounds in IV andgenocarcinoma cell line (MC38) were purchased from
their ability to induce apoptosis in cancer cells, includingeps  American Type of Culture Collection (Bethesda, MD, USA).
of phytochemicals such as polyphenols)(and sesquiterpens normal primary liver broblasts were purchased from Cell
(19. Among the polyphenols discovered, Danino et &) (- gjplogics (Chicago, IL, USA). HCT116 and MC38 were cultured
isolated polyphenolic antioxidants from leaves of IV inchgli , pulbecco's modi ed Eagle medium (DMEM; 4.5 g/L D-
seven derivatives from the caeoylquinic acid (CQA) andgj,cose) and Colo320 in RPMI-1640 medium. Normal primary
dica eoylquinic acid (diCQA) family. There is a possibilitprf  jier problasts were cultured in DMEM/F12 1:1 medium.
synergistic e ects of these compounds in cancer treatmenfadia were supplemented with 10% FBS, 1mM L-glutamine,
This assumption, together with the need for novel therapeuti¢,nq 104 penicillin-streptomycin. Cells were cultured in a
strategies of colon cancer, leads us to focus on invesi@éte  Lumidi ed incubator at 37C with 5% CO saturation. The
anti-carcinogenic e ects of IV leaf water extract on colomear  medium was changed every 3 days, and cells were passaged

cell growthin vitro andin vivo, and to elucidate the mechanism using Trypsin/EDTA. The cell lines were routinely tested for
of its action. Therefore, the e ects of IV extract on HCT11adan mycoplasma contamination with the Mycoplasma Test Kit

Colo320 cells of human origin colorectal cancer, were erathi  £7_pcRr. All cell culture reagents, including Mycoplasma

Moreover, the potential bene cial e ect of IV on tumor growth tegt kit, were supplied by Biological Industries (Kibbutz Beit
in vivo was evaluated using mice transplanted with MC38 cellgjzemek Israel).

that originated from mouse murine colon adenocarcinoma.

Cell Viability
MATERIALS AND METHODS Cell proliferation was determined using the sodium

32[1-(phenylaminocarbonyl)-3,4-tetrazolium]-bis (4-nieixy-
Crude Extract Preparation of  Inula viscosa 6-nitro) benzene sulfonic acid hydrate (XTT) assay, acicwytb
Fresh leaves of IV were collected from a eld at Bar-llanthe manufacturer's instructions (Biological Industridépbutz
University, Israel. The leaves were sun-dried for 2 days anBeit Haemek, Israel). In brief, cells were seeded in ADOf
for another 4 days at room temperature. The dried leavemedium, using 96-well plates at a cell density of 104 cells/well.
were homogenized in distilled water in a ratio of 1:8 (w/v).After 24h, IV extract was added at di erent concentrations
The homogenate was collected, ltered through Whathman(100-300ng/ml) and for varying time intervals (24—72h).
No.1 Iter paper and centrifuged at 20,000 x g for 10 min.At least four independent experiments were performed each
The supernatant was frozen in liquid nitrogen and dried in aconducted in ve replicates. Data are presented as the average
lyophilizer (0.07 mbar, 48 C). The resulting powdered extract proliferation percentage of the respective control. Based on
was dissolved in water in order to obtain a 2% w/v solution. the XTT experiments, IC50 values were calculated as the
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concentration of the plant extract that causes 50% inhibiiio  early apoptotic, late apoptotic, and necrotic cells were caledlat
cell proliferation. using FACSDiva software (Becton Dickenson, San Jose, CA).

Cytotoxicity Assay TUNEL Assay

The Lactate dehydrogenase (LDH) test was used to evaludd@OPiosis was conrmed by Terminal deoxynucleotidyl
cytotoxicity of IV extract on colorectal cancer cells. LD#, transferase dUTP nick end labeling (TUNEL) analysis using an

cytoplasmic enzyme, is rapidly released from the cells ineo thin situ cell death detection kit (Roche, Mannheim Germany).

medium when the plasma membrane is damaged. The integrige”s were seeded (30,000 cells) on chamber slides (Nunc,
of the plasma membrane following treatment was determined€nmark) and treated with 30@g/ml IV extract. After 48

by measuring the LDH activity in the culture medium. Briey, and 72 hj cell morphology was examlneq 95|r9@¢tj|am|d|no-
HCT116, Colo320, MC38, and normal primary liver broblasts 2-Phenylindole (DAPI) and TUNEL staining. At the end of
cells were cultured in 96-well plates. IV extract was added if€atment, cells were washed twice with PBS, xed for 60 min
di erent concentrations. 24 h post treatment, the levels of LD With 4% paraformaldehyde and then permeabilized, using 0.1%

in the cell culture media were detected by the LDH Cytotdyici Triton X-100 in 0.1% sodium citrate, to allow penetration bét
Detection KitP-US (Roche, Mannheim, Germany) following the TUNEL reaction reagents into the cell nucleus. TUNEL reaction

manufacturers instructions. mixture (TdT and uorescein-dUTP) was added to label the
fragmented DNA at 37C for 1 h in humidi ed atmosphere in
dark. After incubation time, cells were washed twice in PBS, a

Cell CyCIe AnaIyS|s . stained with DAPI solution in order to assess total cell numbe
In order to study the e ect of IV extract on cell cycle progressi 54 for visualization of DNA morphology. Finally, the labele

DNA content analysis was performed by Fluorescence Activatenna and the nucleus area were visualized by uorescence
Cell Sorter (FACS) of 10,000 cells stained with propidiumdedi microscopy (Nikon, Kawasaki, Japan).

(PI) as described previouslyd). In brief, cells were cultured in
25 cnt asks and treated with 308g/ml of IV extract for 14, Western Blot Analysis

24, 48, or 72h. At the time of analysis, cells were trypsinizedyestern blot analysis was performed for the assessment of
harvested, and centrifuged at 2,000 rpm for 5 min at4Cells Caspase-3, Caspase-8, Caspase-9, and PARP levels following

were washed twice with cold PBS and then xed in pre-chilled,estment with 300ng/ml of IV extract for 14, 24, 48, or
70% ethanol at 20 C for 1h. The cells were incubated with 751, " Cellular lysates were prepared by suspéndir}g 10

0.1% NP-40 on ice for 5 min, and subsequently washed twice witky ;5 in glycerol lysis buer (50mM HEPES, 250mM Nacl

cold PBS, each time by centrifugation at 2,000 rpm for 5mir 5o, NP-40, 2mM EDTA, 10% Glycerol) containing protease

at 4 C. Then, 1ml of cold PBS containing RNase (8@0ml) i ninitor cocktail (Roche, Mannheim, Germany). The lysates
was added to cells for 30 min. Finally, 9/ml of Pl was added \yere centrifuged and the supernatants were collected. The

to cells followed by incubation for 20 min on ice. DNA content protein concentrations were quanti ed using Bio-Rad protein

was examined by ow cytometry using a FACSCantoll Withagsay hased on the method of Bradfofid)( Protein samples
FACSDiva software (Becton Dickenson, San Jose, CA, USA). (60 mg) were separated on 12% SDS-polyacrylamide gels and
electro-transferred to a 0.45 microns pore size nitroce#al
Annexin V-FITC/PI Double-Staining Assay membrane, using semi dry transfer. The membrane was blocked
Cell death was further analyzed by staining the cells witiG~I in 5% non-fat dry milk in Tris-bu ered saline and 0.1%
labeled Annexin V and propedium iodide (PI) using an AnnexinTween 20 (TBST) buer and incubated with appropriate
V-FITC apoptosis detection kit (MBL, Nagoya, Japan), accordingionoclonal primary antibodies: Anti-caspase 3; 1:5,000j-Ant
to the manufacturer's instructions. Brie y, cells (210°) were caspase 8; 1:1,000 (Abcam, Cambridge, UK), or polyclonal
seeded in 25 c/ asks and allowed to attach overnight. Cells primary antibodies: human specic Anti-caspase 9; 1:1,000,
were treated with 300g/ml of IV extract for 14, 24, 48, or PARP antibody; 1:1,000 (Cell Signaling Technology, MA, USA),
72h. To detect early and late apoptosis, both adherent and a blocking bu er overnight at 4C. After primary antibody
oating cells were harvested together. Treated and ungeat incubation, the membrane was washed three times in TBST and
cells were harvested by trypsinization, washed, and susgendecubated with appropriate secondary horseradish peroxidase-
in ice-cold PBS. The washed cell pellet was suspended in iasnjugated antibody (Jakson Immuno Research, USA) for 1h
cold binding bu er containing FITC-conjugated Annexin V and at room temperature, followed by three washes with TBST. The
PI. Samples were incubated in room temperature for 15 min irmembrane was developed using the EZ-ECL Chemiluminescence
dark before analysis by FACSCantoll Flow cytometry (Bectodetection kit for HRP (Biological industries, Kibbutz Beit
Dickenson, San Jose, CA). The Annexin V-FITC-negative/PIHaemek, Israel) and signals were observed and documented
negative population was considered to include all normalthgal using gel imager ChemiDOcTMXRS Gel Documentation System
cells. Annexin V-FITC-positive/Pl negative cellswererdgd as  (Bio-Rad, CA, USA). -Actin (MP Biomedicals OH, USA)
a measure of early apoptosis. The Annexin V-FITC-positive/PWas detected on the same membrane and used as a loading
positive cells were regarded as a measure of late apoptosis. Twoatrol. Quanti cation of -Actin normalized immunoblotting
Annexin V-FITC-negative/Pl-positive cells were considete  was carried out by densitometry using TotalLab TL120 graphic
include necrotic cells. The percentage distributions ofmal,  software (Non-linear Dynamycs LTD, NC, USA).
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In vivo Studies Ki-67 Staining

Animals Ki-67 is as large nuclear protein, preferentially expressethdu
The therapeutic activity afhula viscosaxtract was investigated all active parts of the cell cycle (G1, S, and G2/M), but absent
using 6 week-old (20-25g body weight) male C57BL/6 mictom resting cells (GO). Cell proliferation in the tumors was
(Harlan Laboratories, Jerusalem, Israel). Mice were maiathi analyzed by immunohistochemistry with formalin xed section
in a standard cage (5 mice per cage) under sterile conditiorstained with anti-rat Ki-67 antigen antibody (DakoCytoritat,
with air Iter tops and in a Itered laminar air ow room, Glostrup, Denmark), according to manufacturer instructson
temperature of 22C, and under 12 h light/dark schedule at the Pre-treatment of tissue sections was performed using PTrayste
animal house at the Technion-Israel Institute of Techngiog (Dako, Glostrup, Denmark) and EnVisiBWFLEX, High pH
(Haifa, Israel). Rodent diet (Ko olk Inc., Tel-Aviv, Israelnd  (Link) kit (Dako, Glostrup, Denmark). Brie y, Target Retrial
tap water were autoclaved and providad libitum. The mice  Solution (provided with the kit) was used at 97 for 20 min and
were kept in the animal facility at least 1 week before stgrtinthen at 60C for more 20 min. Slides were treated with peroxidase

the experiments. block (Envision FLEX Peroxidase-Blocking reagent, pravide
with the kit) for 5 min, and rinsed with bu er for 5 min. Primary
In vivo Tumor Growth Assay rat Ki-67 antibody was applied at 1:50 dilution for 30 min at

MC38 cells (1@) suspended in DMEM medium (0.2 ml) were room temperature. Then, slides were rinsed twice for 5min and
injected subcutaneously (SC) into the right dorsal ank bt secondary antibody (EmVision FLEX/HRP, provided with the

mice, using 25-gauge needle (Terumo scienti ¢ Inc.). Whies t kit) was applied at 1:300 dilutions. Slides were washed thresst

tumor size reached about 100 mnfabout 2 weeks after cell [0 ®Mininbu erand visualized using DAB (provided with the
implantation), the animals were divided into 4 groups D kit) as chromagen and counterstained with hematoxylin.

8) (2 control and 2 treated groups). One group served as
control group that was not transplanted with M38 cells (comtro . .
1). Three groups were transplanted with M38 cells, while tW(§>ara n-embedded sections of tumors were xe_d in- 4%
groups were treated with 150 or 300 mg/kg, and the thirdoaraform_aldehyde a_nd dewaxed. B_r 1€y, sll_d(_as _were
group was treated with PBS (control 2) by intraperitoneal) (IP depara nized .by heating at 6(.D for ”.] n a hybridization
injection. Treatments were conducted three times a week fopven: Nex, shdes were placed in a p[asﬂc S.“des hplder ded |
3-weeks and body weights and tumor volumes were measur th W’CAP citrate bu er pH D 6 (Bio-Optica, Milan, Ita_ly).
biweekly. Body weights were measured using a weighing scal € ;Ildes hOIder was_placed In a water bat_h set_tcCG\'Enth
(Precisa, Switzerland) and tumor volumes were measureld Witsha_kmg for 2.0 min. Slides were Wa§hed tVY'Ce V\.”th DDW for
digital caliper and calculated using the formula: length 5m|n_ and stripped from_ proteins _by incubation with 2G/m
width?  0.52, where width represents the shortest dimensior?mte'na?e K (PK) (Sigma-Aldrich Israel, Rehovo?, Israel)
of the tumor (15). At the end of treatment period, two or 15n_mn at room temperature, and then_washed in DDW
mice from each group were taken to ultrasound imaging, an(iOr 2min. TUNEL, assay (Rpche, Mannhe|m Germany) was
nally mice were sacri ced, tumors were surgically excisew performed according to the instructions by the manufacturer

their nal weights and volumes were measured and tested foi?nOI stained with D.API solution. Atthe end, slides were viggal
histological studies. by uorescence microscopy.

Blood samples were also collected from mice for analysis
liver and kidney functions.

FUNEL Assay and DAPI Staining

Qatistical Analysis

All experiments, except the vivo studies, were repeated at
. least three times (unless indicated otherwise). All dataewe
Ultrasound Imaging expressed as mean valu&tandard Error (SE), and the statistical
For ultrasound imaging, the VEVO 2100 high frequencygierences between groups were evaluated using Studetetst
ultrasound system (VisualSonic, Inc, Toronto, Canada)veasl.  for comparison between two groups or ANOVA test (or their
Mice were anesthetized with 1.5% iso urane in oxygen delerenon-parametric counterparts) for comparison between multiple

via nose cone and allowed to breathe spontaneously. Mice weggoups.p < 0.05 was considered statistically signi cant and the
positioned on a feedback-controlled heating MousePad. Tire hagpss software was used for the calculation of di erences.

was shaved, in the area overlaying the tumor, with hair reahov
cream and pre-warmed ultrasound gel (ECO-MED Diagnosti ESULTS
Imaging, Canada) was applied on the skin of mice. Tumor:

were circled and measured using software incorporated ihéo t |n vitro Studies

VEVO 2100 device. Inhibition of Colon Cancer Cell Growth by Inula
] . Viscosa Extract
In situ Cell Analysis The results indicated that water extract of IV signi cantly

When the mice were sacri ced, tumors were excised and kept i(P < 0.001) decreased cell viability of HCT11Bigure 2A)

formalin, and then para n blocks were prepared. Four micron and Colo320 Figure 2B) cells in a time and dose dependent
sections were cut and xed onto slides for Ki-67 staining andmanner. By contrast, cell viability of normal primary liver
TUNEL assay. broblasts showed no signi cant change following treatment
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with IV extract, in comparison to untreated cellEigure 2Q).  apoptosis, necrosis and viable cells. The apoptotic cells were
Cells were cultured in the presence of escalating concéoisat counted as early apoptotic cells (quadrants Q2), late apoptotic
of IV extract (100-306ng/ml) on 96-wells for dierent times cells (Quadrants Q4), and represented as percentage of apoptoti
of treatment (24-72h), and cell viability was measured byells Figure 5 from total cell populationFigures 5A,B indicate
XTT assay Figure 2). Cell viability, as measured for HCT116 that treatment of HCT116 cells with 30@/ml of IV extract
(Figure 2A) was decreased by 181.88%, 48.2 7.77%, and 52.3 for 24, 48, or 72 h resulted in a signi cant increase of Anmexi

3.81%p< 0.001) following 24, 48, and 72 h of treatment withV by 2, 4.2, and 5.1-folds, respectively. Similarly, treatnoén
300mg/ml of IV extract, respectively. Cell viability of Colo320 Colo320 cells with 30@g/ml of IV extract for 14, 24, 48, or 72h
(Figure 2B) decreased by 19.351.5%, 51.2 1.97%, and 60.89 signi cantly increased Annexin V by 1.6, 3.16, 6.04, and7.9

2.36% < 0.001) following 24, 48, and 72 h of treatmentfolds, respectively, compared to contréligures 5C,D. These
with 300mg/ml of IV extract, respectively. The §gvalues were results indicated that IV induces apoptosis on colorectalcean
determined and found to be 300mg/ml for both cell lines. cells. Terminal deoxynucleotidyl transferase dUTP nicld en
For furtherin vitro experiments, the concentration of 36@/ml  labeling (TUNEL) assay con rmed that exposure of the cellsto IV
was chosen. extract induces apoptosifigure 6). HCT116 and Colo320 cells

In order to exclude the possibility of cytotoxic e ects of IV were grown in the absence or presence ofr®30nl of IV extract
extract on the cells, Lactate dehydrogen@deH) leakage assay for 48—72h. As shown ifrigure 6, extensive DNA fragmentation
was performed. The assay detects the release of stablelicytoswas visible by uorescence microscopy after TUNEL staining
enzyme LDH into the culture medium, due to cell membranefollowing treatment, compared to untreated cells.
damage, as a result of cell lysis or injury, regardless toytpe t
of cell death {6). Cells were treated with increasing doses (504nula viscosa Extract Activates Caspases
350mg/ml) of IV extract for 24 h. It was observed that IV extract, To further investigate the mechanism of action of cell death
at concentration of up to 356g/ml does not cause a statistically induced by IV extract, a western blot analysis was performed
signi cant change in LDH level in the media, compared with to detect proteins that have been shown to be involved in both

untreated control cells (Data not shown). the extrinsic (caspase-8) and the intrinsic (caspase-9) appto
pathways. Data presented Figure 7, showed that treatment

The Effect of Inula viscosa on Cell Cycle of HCT116 cells with IV extract for 14-72 h activated caspase-

Progression 9 (Figure 70, but not caspase 8F{gure 7B), followed by

activation of caspase-Figure 7A) and cleavage of Poly (ADP-
ribose) polymerase (PARPIrigure 7D). This may suggest that
IV induced apoptosis in HCT116 cells through the intrinsic
pathway. Moreover, data presented kigure 7 showed that
treatment of Colo320 cells with IV extract for 14-72h clearly
Qctivated caspase-Bigure 7B). In Figure 7Ca gradual decrease

f pro-caspase-9 was seen, but not a clear cleavage. The aativati
f caspase-3 was well observdeg@re 7A) as well as the
cleavage of PARFF{gure 7D). This may suggest that IV induced
apoptosis in Colo320 cells through the extrinsic pathway and
probably via the intrinsic pathway as well.

In order to study the e ect of IV extract on cell cycle progressi
cells were incubated with 3@&y/ml of IV for 14-72 h Figures 3

4), and the distribution of cells in the di erent phases of cell
cycle was determined by uorescence activated cell SGFSCES).
The results indicated that exposure of HCT116 and Colo320 t
300mg/ml of IV extract exerted inhibitory e ects on the cell cycle
progression in a time dependent manner. Exposure of HCT11§
cells to 1V extract resulted in an increased proportion of €@l
the G2/M phase of the cell cycle after 141 0.01;Figure 3A1)
and 24 h P< 0.001figure 3A2 of treatment, as compared with
untreated cells (control). Similarly, exposure of Colo32sde
300mg/ml of IV extract resulted in an increased proportion of |n vivo Studies

cells'in .GZIM .phase following 14 HP(< 0.05;Figure 3BJ) and The e ect of IV leaves water extract on tumor growth was
no signi can_t increase after 24 fF{gure 3B of t_reatment, 8S  examined on subcutaneously transplanted mouse tumor cell
compared with the untreated cells. Extended periods of treatm line, MC38, in C57BL/6 mice. Prior to preforming thie vivo

(48 and 72h) caused cells to exit from G2/M phase toward thg, heriments; the e ects of IV on cell viability, cell proliferti
sub-G1 phaseHigure 4), indicating the possibility of induction - . yntoyic e ects, and apoptosis induction were examiiregitro

of apoptosis 7). A signi cant increase of cell accumulation in o, \1c3g cell line. The e ects of IV extract on MC38 cells were

sub-G1 phase compared to untreated cells, has been observeda; g the results obtained with HCT116 and Colo320 cells.
following 48 and 72 h of treatment, in both cell lines (HCT116

48.47 5.67% vs. 5.54 1.52% after 72 h; Colo320, 40.18 |nu|a Viscosa Extract |nh|b|ts Tumor
4.81% vs. 5.68 1.48%, after 72 Higures 4A,B respectively). Growth in Animals

This may indicate that exposure of the cells to IV extract forAnimals were injected with MC38 cells subcutaneously into
48-72 h induces programed cell death. . )
the ank. Two weeks after tumor formation, animals were

. treated intra-peritoneum (IP) with either PBS or IV extract
Treatmept W'th IV Extract Induced (150 and 300 mg/kg) three times a week for 3 weeks. Tumor
Apoptosis in Colorectal Cancer Cells volumes were measured twice a week. The results indicagd th
Annexin V-FITC and propodeum iodide (PI) staining were treatment with IV extract signi cantly P < 0.001) decreased
used in order to quantify the percentage of cells undergoingumor growth in comparison to control groupHigure 8). While
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FIGURE 2 | IV treatment reduces cell viability of human colorectal came cells. HCT116(A), Colo320 (B) cells, and normal primary liver broblastyC) were treated
with increasing concentrations of IV extract (100-306hg/ml) for 24, 48, and 72 h and cell viability was determined usg XTT assay as described under “Materials and
Methods.” The results are presented as the percentage of camol and expressed as mean SE of four independent experiments in which each treatment as
performed in ve replicates.
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FIGURE 3 | Treatment with IV for 14—24 h resulted in cell cycle arrest atZM phase. HCT116 (A) and Colo320 (B) cells were treated with 300mg/ml of IV extract for
14h (A1,B1) and for 24 h (A2,B2) and subjected to cell cycle analysis by ow cytometry. The reslts are presented as mean SE of ve experiments each conducted
in duplicates and are expressed as percentage from total 1000 analyzed cells. Statistical signi cance was determinedby a two-tailed student's t-test (treatment VS.
control) and is indicated as p < 0.05; **p < 0.01; ***p < 0.001.

the tumor volumes in the control group increased by8.5- of the tumors. As can be seen, there is an enormous di erence
folds over the treatment period, the tumor volumes of thebetween the tumors from control and treated mice.

treated group with 150-30@ng/kg IV were decreased by 1.9  The results also indicated that the tumor weig(fggure 9C

and 1.2-folds, respectively. At the end of the treatment mkrioand tumor volume Figure 9D) were signicantly f <

(day 21), ultrasound imaging indicated that treatment with ~ 0.001) decreased.

resulted in a reductioin situ of the tumors compared to control In order to reveal any cytotoxic e ect of IV extraa vivo,
(Figure 9A). Figure 9B demonstrates representative samples othe average body weights of untreated and treated mice
the tumors collected after scarifying the animals and disse  were measured every alternate day. The body weight did not
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FIGURE 5 | Measurement of apoptotic cells using an Annexin V binding. ET116 (A,B) and Colo320 (C,D) cells were treated with 300mg/ml IV for 14-72 h. and Flow
cytometric analysis of Annexin V-FITC/PI double-stained waserformed. In each plot(A,C) the lower left quadrant (Q3) represents viable cells, the per left quadrant
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FIGURE 6 | IV treatment of colorectal cancer cells induced apoptosis. BT116 and Colo320 cells were seeded in chamber slides and taged with 300 mg/ml IV
extract for 48 or 72 h. The cells were analyzed for apoptosisyp TUNEL assay. lllustrations are representatives of threediependent experiments, each conducted in
duplicate. Blue-colored cells (DAPI dye) are living celleed colored cells ( uorescence-labeled dUTP) are apoptoticells. Cells were visualized by uorescence

Colo320

vary signi cantly throughout the study, according to Repehte of colon cancer cells that resulted in the inhibition of tumo
Measures ANOVA testH 744,62.944P 0.727,P D 0.645] (data growth in the allograft mice model.

not shown). Moreover, there were no observable signs ofedistr

such as impaired movement, ru ed fur or change in behavior D|SCUSSION

of IV-treated animals compared to controls. In addition, kigly

and liver functions were measured in blood samples collectetihe treatment of cancer over the past decades has relied glymar
from control and treated animals at the end of the experimenbn the use of various forms of cytotoxic chemotherapy and
following animal sacri cing. The results indicated tha&tte was radiation therapy. The e ectiveness of cytotoxic treatmemds

no signi cant di erence in liver and kidney parameters thatige been limited by the side e ects and by the development of
measured in control and treated animalkaple 1). resistance. In order to combat the problem of side e ects,
selectivity, and drug resistance, new e ective drugs ardeeér
CRC treatment. Natural products are a source of anticancegslr

Inula viscosa Extract Inhibits Cell which frequently seem to be more e ective and/or less togjc (

Proliferation and Induced Apoptosis of

Colorectal Cancer Tumors in Mouse Model

In order to better understand how IV extract a ects tumor
growth in vivo, tumors were collected, xed in formalin, and
sections were prepared for several histological stainingrdier

to examine the e ect of IV extract on cell proliferation, cells
were stained with Ki-67 antibody. The results indicatect e
number of proliferating cells in the control specimens is &rg
than that seen in the specimens of treated animiigure 10A).
This may indicate that IV treatment reduced tumor cell

Approximately 60% of drugs that are currently in use for cancer
treatment, have been isolated from natural products and nany
them are derived from plantsL@). In many countries around the
world, medicinal plant extracts constitute a common altermati
for cancer treatment, with no toxicityl©).

The present study was undertaken to evaluate the anticancer
e ects of Inula viscosqlV) leaf water extract, on the growth
of human colorectal cancer cells vitro, and on tumor growth
in vivousing a xenograft mouse model.

The extract showed profound anti-cancer e ects on two

proliferation. In addition, the tumor specimens were stainedhuman colorectal cancer cell lines; HCT116 and Colo320. Cell

with DAPI and TUNEL (igure 10B. The results revealed that
treatment with IV extract resulted in a morphological chasge
and induction of apoptosis.

viability was signi cantly reduced following exposure to IV
extract in a time and dose dependent manner withsd@f
300mg/ml without a ecting LDH release.

These results strongly demonstrated that treatment with IV Di erent solvents used for IV extractions revealed di erent

aqueous extract reduced cell proliferation and induced apsipto

molecules present in the extract with dependency to the stdven
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FIGURE 7 | Activation of Caspases following IV treatment. HCT116 and G0320 cells were treated with 300mg/ml IV extract for 14—72 h. and caspase 3 (A),
caspase 8 (B), caspase 9 (C), and PARP (D) were detected by Western blot, where -Actin was used as loading control. Densitometry analysisepresents the
average expression levels of the pro-caspase and/or the cleeed caspase and PARP; Density values were calculated as a ctnol from the proper -actin and as a
percent of control. Data represented are average of three dependent experiments (mean SE). Statistical signi cance was determined by a two-tailegtudent's
t-test (treatment vs. control) and marked aspj < 0.05, **p < 0.01, ***p < 0.001; NS, Not Signi cance.

used. For example, a recent study revealed the presence of Bdlyphenol fraction from IV leaves was recently investidabsy
compounds, including 11 phenolic acids, 23 avonoids, oneBrahmi-Chendoyh et alA7) and was found to be rich in ca eoyl
lignin, and 12 terpenoids in ethanol extract of IV leaves. fitye shikimic acids and unusual dihydrobenzofuran ligands ashma
six of these compounds were described for the rst time in IVsecondary metabolites. Moreover, 43 secondary metabolies w
(20). Several studies have shown the anti-proliferative dgtofi  identi ed in this fraction (27). The process of carcinogenesis
IV extracted from di erent parts of the plant and by dierent might be stopped or delayed by exposure to phytochemicals
solvents. Previous works reported thatvitro proliferation of  via diet or pharmacological administratior2®). For instance,
breast cancer cells, MCF-7, was decreased after exposweén phytochemicals are thought to potentially have a role in redgci

IV extracts, derived by di erent solvent§& {). Other studies, have the incidence of colon cance). The Polyphenols, including
demonstrated the cytotoxic e ect of hexanic extract of IWes  avonoids and phenolic acid, and sesquiterpens, are noted for
on human cervical carcinoma cell linés,vitro (21, 22). their ability to induce apoptosis in colon cancer celf),(31).

In the present study, we report the anti-proliferative activit Moreover, high levels of reactive oxygen species (ROS) cause
of water extract from IV leaves on human colorectal canceseveral disorders including progression of multiple cancers,
cells.Inula viscosdeaves are known to contain many biologicalincluding colorectal cancei3g). It is well known that the main
active compoundsZ3), including polyphenols such as phenolic role of antioxidants is to protect against damage caused by
acids that seem to be the most abundent group of polyphenoROS, leading to a reduction of cancer risk2(33). Extract
in IV leaves 24). Some of the polyphenol classes found infrom IV leaves was found to have antioxidant activity as well a
IV leaves are avonoids, terpens, lactonés 10, 25 26), and  polyphenols, such as 1,3-dica eoylquinic acid and more di erent
sesquiterpens acids such as Tomentosin and Inuvisocdlige ( derivatives of dica eoylquinic acid and ca eoylquinic aci?,
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FIGURE 8 | IV extract inhibited tumor growth of colon cancer cells in mie.
C57BL/C male mice were subcutaneously (SC) implanted with 1 106 MC38
cells. When the tumors reached a volume of 100 mm, mice were treated 3
times a week by intraperitoneal injection (IP) of either PBS 1 to the control
group, or IV extract, (150 or 300 mg/kg body weight) for 3 weeksas
described under “Materials and Methods.” During the expements, tumor
volumes were measured twice a week using caliber meter. Theesults are
presented as the mean SE.n D 8 mice per experimental group. Statistical
signi cance was determined by a two-tailed studentst-test (treatment vs.
control in each time point) and assigned aspy < 0.05, **p < 0.01 and by
Repeated Measures ANOVA with Tukey HSPost hoc test for the evaluation
of changes in tumor volumes over time in each group and for dérences
between control and treatment groups.

phase accumulation is often related to induction of apoptosis
in p53 functioning cell lines 7). p53 is a tumor suppressor
gene that functions especially as a transcription factor by
activating and down regulating gene expression, leadingeto ¢
cycle arrest or apoptosis®). Fischer and colleagues found an
involvement of 210 genes regulating G2/M cell cycle, at H&T11
cells, by the discovered p53-p21-DREAM-CDE/CHR pathway.
Down regulations of most of these genes, seems to be a major
mechanism for the G2/M cell cycle arrest by pS8)( This may
stand also for the G2/M arrest in our experiments in HCT116
cells, but more studies are required to con rm the involverhe

of p53. Since Colo320 cells are p53 mut&®) (we assume that
the activity of IV aqueous extract is exerted in di erent paidoyy
which still needs to be explored.

The Annexin-V/Pl and TUNEL assays con rmed that the
decrease in cell viability was a result of apoptotic processes
induced by IV treatment, where the cell cycle arrest was an
intermediate stage before apoptotic death (as nally appeared
in Sub-G1 ascent). Extension of treatment periods (48-72h)
with IV increases the apoptosis rate in both cell lines. The
most obvious characteristics of apoptosis are cytoplasmic and
nuclear condensation followed by inter-nucleosomal DNA
cleavage, membrane blobbing, and nally cell damagg).(
These hallmarks of apoptotic process were observed in the
present study.

In most cases, anticancer therapies ultimately result in

27). It is well known that the main role of antioxidants found activation of caspasestd which play a crucial role in the
in nutraceuticals is to protect the cells from damage caused kexecution of apoptosis. In the present study, we examined

reactive oxygen species (ROS) and reducing cancer3zk ).
In light of these ndings, it can be assumed that the leaf atr

caspase-3 activation at various time points by western biptti
analysis, using a polyclonal antibody specic for procaspase-

of Inula viscos@ontains a diversity of active compounds, which3 and the subunits p12 and pl7. According to the results

exhibit a synergetic or at least, an additive anti-tumor & ea

colorectal cancer cells.

obtained, IV extract induced caspase-3 activation in both ce
lines. Caspase-3 was detectable at 14 h after incubationlWith

The results of the present study indicated that IV extractextract and levels of procaspase-3 signi cantly decreaseal in
induces cell cycle arrest at G2/M-phase followed by accuioulat time dependent manner in both cell lines, following treatment
of cells in sub-G1 phase. We assume that IV extract induces Subsequently to caspase-3 activation, cleavage of the active
apoptosis of colorectal cancer cells. Previous studies haf@m of PARP, which stands for cell survival, is a critical step
demonstrated that there is a link between cell cycle regulat the completion of the apoptotic program. Western blot analysis
and cancer progression. Therefore, management of cancezvealed thattreatment with IV extract leads to cleavag®&HP
can be achieved by targeting and inhibiting the cell cyclén both cell lines in a time dependent manner. The results are

progression§4).

correlated with results obtained for caspase-3, in a sensatthi

The results in the present study are compatible with those dime points at which caspase-3 was activated, PARP was cleaved.
other studies; Belayachi et a5 revealed that exposure of PC- These results strengthen the fact that caspase-3 is respofwib

3 prostate cancer cells in culture to dichloromethane extoac
hexanic extract ofnula viscosaresulted in induction of G2/M

the cleavage of PARP during cell death procéss (
In order to reveal whether the apoptotic process occurred

arrest, which was detectable at 24 h of treatment and enlthncéhrough the extrinsic or intrinsic pathway, activation ofspase-
after 48 h. However, treatment of SW620-colon cancer célls w 8 and caspase-9 was assayed. Interestingly, the resultatedli
the same extracts for 48 h caused cell cycle arrest in G1 phabat treatment with IV activated caspase-9 in HCT116, the

and an increase in the sub-G1 populatiof5). In addition,

well dierentiated cells, and caspases-8 and probably-9 in

Tomentosin and Inuviscolide, two isolated compounds frore th colo320 cells, the poorly dierentiated cells. These ndings
Inula viscosdeaf extract, induced cell cycle arrest in melanomanay indicate that IV extract induces apoptosis through the
cells at the G2/M phase following 4 h of treatment. Prolongingntrinsic mitochondrial pathway in well di erentiated cells dn
the exposure time to 24 h resulted in a profound peak at théhrough both, the intrinsic and extrinsic pathways, in poorly
G2/M phase and after extended periods of time, a profoundli erentiated cells.

accumulation of cells in sub-G1 phase was obser¥&d (

The utilization of both extrinsic and intrinsic mechanisms

Many anticancer drugs act by blocking one or more staget® execute apoptosis can be reasoned by the existing crosstalk

of the cell cycle and nally trigger apoptosi§f). The G2/M

between both apoptotic pathways, as described previously by
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FIGURE 9 | IV aqueous extract suppressed tumor growth. Mice were anestétized with 1.5% iso urane in oxygen delivered via nose conerad allowed to breathe
spontaneously. Ultrasound imaging was performed using th& EVO 2100 high frequency ultrasound systenfA). At the end of the treatment period, mice were

sacri ced, tumors were isolated and pictures of the tumors fom control or treated (150 or 300 mg IV extract per kg) groups wee taken (B) and the nal tumor weights
(C) and volumes (D) were measured. The results are presented as the mean SE ofn D 8 tumors per experimental group. Statistical signi cance fotumor weight
was determined by Mann-Whitney and for tumor volume by twodiled Studentst-test (treatment vs. control). *p < 0.01.

TABLE 1 | IV extract did not affect kidney and liver functions.

Serum chemistry Control 1 Control 2 1V 150 mg/kg IV 300 mg/kg p-value (1) p-value (2)

KIDNEY FUNCTION

UREL (mg/dL) 47 3.78 55.6 5.87 515 213 48.7 261 0.43 0.231
NA-I (mmol/L) 156.96 8.95 152.32 0.52 151.48 1.39 151.23 1.55 0.687 0.638
CA (mg/dL) 8.74 0.55 11.15 0.28 10.80 0.19 10.5 0.28 0.317 0.175
K-1 (mmol/L) 14.64 17.69 7.39 0.62 9.09 0.75 8.80 0.69 0.167 0.217
Creatinine (mg/dL) <0.2 <0.2 <0.2 <0.2

LIVER FUNCTION

ALT (ufl) 59.78 9.39 99.28 41.39 114.82 63.53 67.48 1281 0.756 0.569
ALP2L (U/L) 64 8.84 87 3.86 85 10.86 7711  6.29 0.865 0.206
AST (U/L) 323.94 714 24416 64.4 269.30 68.8 380.15 87.3 0.803 0.309
GGTI (UIL) 6.9 1.68 0.32 0.25 1.28 0.67 3.37 292 0.331 0.486

The effect of IV on kidney and liver functions following animakttment with 150 mg/kg and 300 mg/kg for 3 weeks was tested. Control 1 represent aimals without tumors and control
2 represent animals with transplanted tumors. Control groups were traad with saline. Data are expressed as mean SE of 8 animals in each group. p-values are calculated when
comparing IV treated 150 mg/kg [p-value (1)] or 300 mg/kg [p- valu¢2)] with untreated mice. Statistical signi cance was determined by two-tided student's t-test or Mann-Whitney.

Fulda and Debatin 40). Binding of apoptotic signals causes(38). Moreover, treatment of HCT116, SW620, and SwW480
activation of the extrinsic pathway, including Caspase-8ciwhi colorectal cancer cell lines with Grape seed extract rebufte
activates factors such as Bid. The activated Bid can treatgo induced cleavage of caspas8s 8, 9, and PARP. In addition,
to the mitochondria and activate the intrinsic pathway, dags cytochrome-c was released from the mitochondria of all ¢hes
initiation of Caspase9 activity. Activation of Caspases-8 three cell lines, suggesting the involvement of both patleamay
and 9 leads to activation of Caspase-3 which executes thhe apoptotic death43). To better understand the mechanism of
apoptotic process. IV induced cell death, additional studies are required.

Other studies have shown that plant extracts can induce Inthe presentstudy, we have demonstrated that IV extract has
apoptosis through both apoptotic pathways. Lan et ala potential bene cial e ect on the inhibition of tumor growth
(42) revealed that a methanolic extract from thEmilia  of subcutaneously transplanted MC38 cells in mice. Treatment
sonchifoliaplant stimulated the activities of caspases®, with 150-300 mg/kg of IV three times a week for 3 weeks
and 9 and promoted the mitochondria-dependent and resulted in inhibition of tumor growth compared to controls.
death receptor-associatedi protein levels in HCT116 ce# linimmunohistochemical and histological studies indicatkdttlV
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FIGURE 10 | IV inhibited cell proliferation and induced apoptosis in tresplanted tumors in mice. Paraf n-embedded tissue sectionswvere prepared from the tumor
tissues and the (A) proliferation pro les of the cells were measured by detectin of Ki-67. The images are representatives of the results ohined from control and
treatment groups (Magni cation, 200X).(B) DAPI and TUNEL staining of tumor sections. Tumors tissues we stained with DAPI and TUNEL and analyzed under a
uorescent microscopy. The TUNEL positive (shining orangeells are apoptotic cells, nuclei are labeled with DAPI (k) and the merge between DAPI and TUNEL
appears pink (Magni cation, 200X).

inhibits cell proliferation and induces apoptosis in the tumor These data, together with oun vivo results, strengthen the
cells. On the other hand, treatment with IV extract does notassumption that the di erent compounds composing the extract
a ect body weight and kidney and liver functions. Therefore,probably have a synergistic e ect on the pronounced inhibition
it is possible to assume that IV extract is safe and e ective if tumor growth in mice.
cancer treatment. Interestingly, in the present study, no side e ects such as
To the best of our knowledge, no studies in the literatureaver weight loss, kidney and liver functions and behavioral dem
found that examine any antitumor e edn vivo of any extract were observed. It is worth mentioning that, chemotherapeuti
from the species ofnula. However, numerous studies have agents can produce a variety of acute and chronic organ tgesci
evaluated the potential anticancer e ects of isolated compisun including to the liver and kidneys4@ 49). Liver dysfunction
from the genudnula, in vivo; Bigelovin, a sesquiterpene lactoneunder chemotherapy mainly consists of abnormal biologic liver
isolated fromInula helianthus aquaticahas been proven to tests indicating chronic cholestasis with elevation in tbeels
induce apoptosis in CRC through activation of downstreamof Alkaline phosphatase (ALP¥$). Under chemotherapy up
caspase leading to G2/M arrest and DNA damage. Moreoveip 85% of patients develop fatty liver and in the more serious
this compound exhibited potent anti-tumor activities agdins event this condition is accompanied by an increase in bilinub
CRCin vitro andin vivo (44). Another sesquiterpen, Japonicone levels. In addition, repeated chemotherapy induces irréviers
A, a dimeric sesquiterpene lactone, isolated from trad@ion hepatocellular damage through recruitment of in ammatory
herb Inula japonica has shown potenin vitro and in vivo cells @9). More specically, treatment of patients su ering
anti-tumor activity against Burkitt's lymphomatf). Flavonoids, from metastatic colorectal cancer with oxaliplatin, wa®sgly
a group of polyphenols found in several medical plants, alsoorrelated to the development of sinusoidal injury in theeliv
exhibited antitumor activityin vivo in di erent human cancer (50). Since many antitumor drugs and their metabolites are
cells including CRC cellstg, 47). Interestingly, avonoids can cleared via the renal system, the kidneys are exposed to injury
interact synergistically with other polyphenols in the tream (48). Plasma creatinine levels serve as an index of endogenous
of cancer to induce apoptosiS@. As mentioned abovdnula  renal function, with normal values below 0.2 mg/dL in normal
viscosdeaves contain, among other compounds, sesquiterpensiice G1). In the present study, this index did not change
avonoids and phenols with proven anticancer activityvivo.  compared with control groups<0.2 mg/dL).
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for use. It can be suggested that IV aqueous leaf extracterags MB and SG collected the plants and prepared the extract.

as a strong potential drug for the treatment and probably foNA and LS took part in thein vivo studies. All authors

prevention of cancer.
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