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Abstract
This study aimed to investigate the potential anticancer properties of Cannabis sativa extracts, particularly focusing
on the identification and characterization of individual compounds. Additionally, the research aimed to assess the
molecular impact of quercetin on colorectal cancer cells. Cannabis sativa leaves were collected, and extracts were
obtained using different solvents (hexane, chloroform, methanol, and water). Phytochemical analysis, including the
detection of alkaloids, flavonoids, phenols, glycosides, tannins, carbohydrates, saponins, and steroids, was
conducted. The total flavonoid content was determined using the aluminum chloride colorimetric method.
Antioxidant activity was evaluated through DPPH, FRAP, and H,O, assays. The extracts exhibiting anticancer
activity were further purified through column chromatography and HPLC. The isolated compounds were tested for
their anticancer potential against HCT116 colorectal cancer cells, and 1C50 values were calculated. Morphological
analysis and gene expression studies were performed to assess the cellular and molecular impact of the identified
compounds. The water extract showed the highest extraction yield and a rich phytochemical profile. Methanol and
water extracts displayed robust antioxidant activity. Column purification and HPLC led to the isolation of quercetin,
which exhibited significant anticancer activity against HCT116 cells with an IC50 of 60.253 ug/ml. Morphological
analysis revealed dose-dependent cytotoxicity. Gene expression analysis indicated an upregulation of M-CSF and a
slight upregulation of GM-CSF in quercetin-treated cells. This study provides insights into the diverse chemical
compositions and biological activities of Cannabis sativa extracts. The identified quercetin compound demonstrated
promising anticancer properties against colorectal cancer cells, warranting further investigation into its therapeutic
potential. The molecular analysis sheds light on the potential mechanisms underlying quercetin's effects, contributing
to the understanding of its role in cancer treatment.
Keywords: Cannabis sativa, quercetin, anticancer, HCT116, gene expression, phytochemical analysis,
antioxidant activity.

INTRODUCTION

Cancer is a leading cause of death on a global scale, profoundly impacting the life expectancy of populations. Among
the various cancer types, colorectal cancer (CRC) is particularly noteworthy, ranking as the third most commonly
diagnosed cancer and the second most lethal worldwide [1]. In the year 2020, CRC was responsible for approximately
9.4% of all cancer-related fatalities [2]. Forecasts indicate that the incidence of CRC is set to double by the year
2035, with a substantial increase anticipated in less developed countries [2,3]. Colon cancer, a form of cancer
originating in the large intestine and spreading throughout the colon, primarily affects older individuals, although it
can afflict people of any age. Typically, it initiates as benign polyps small, noncancerous accumulations of cells
developing within the colon. Some of these polyps may progress into colon cancer over time, with small polyps often
showing minimal or no symptoms. In cases where colon cancer does develop, there are diverse treatment options
available, encompassing surgical procedures, radiation therapy, and pharmaceutical interventions such as
chemotherapy, targeted therapy, and immunotherapy. It's noteworthy that colon cancer is often referred to as
colorectal cancer, encompassing both colon and rectal cancer, which initiates in the rectum [4]. Traditionally, the
identification of colorectal cancer has relied on markers like carcinoembryonic antigen (CEA), carbohydrate antigen
(CA 19.9), tissue polypeptide specific antigen (TPS), and tumor-associated glycoprotein-72 (TAG-72). More
recently, there has been a growing focus on the use of hematopoietic growth factors (HGFs) and various enzymes
for diagnosing and prognosticating colorectal cancer. This includes macromolecule-stimulating factors such as
macrophage-macrophage-colony stimulating factor (M-CSF) and granulocyte-macrophage-colony stimulating factor
(GM-CSF), along with interleukin-3, interleukin-6, and enzymes like alcohol dehydrogenase and lysosomal
exoglycosidases. Research indicates that these markers offer heightened significance and superior diagnostic
capabilities compared to earlier markers [5].

Flavonoid and Cancer

In response to various biotic and abiotic stresses, plants undergo physiological and metabolic adaptations, leading to
the synthesis of secondary metabolites. These secondary metabolites are of scientific interest due to their distinctive
chemical structures and therapeutic attributes. Extensive research has substantiated the antimutagenic and anticancer
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properties of secondary metabolites, including polyphenols, terpenes, and alkaloids. Among these, flavonoids are
prominent examples. Flavonoids have demonstrated potent anticancer properties both in vitro experiments and in
animal studies [6]. While there lots of evidence supporting the anticancer potential of various flavonoids, the precise
molecular mechanisms underlying their actions remain incompletely understood. For instance, cocoa flavanols,
owing to their antioxidant attributes, have been observed to provide protection against colon cancer [7]. In cell
models such as MCF-7 and 3T3-L1, the isoflavonoid genistein has been shown to regulate oestrogen receptor
expression, adjust the Bax/Bcl-2 ratio, thereby inhibiting cell proliferation, promoting differentiation, and triggering
apoptosis [8]. Furthermore, genistein has been reported to suppress various anti-apoptotic factors, including Bcl-2,
Bcl-xL, c-inhibitor of apoptosis protein 1 (c-IAP1), survivin, and NF-B, in cell lines such as C200 and A2780 [9],
while enhancing caspase-3 activity in HT-29 colon cancer cells [10] and activating the intrinsic apoptosis signalling
pathway in HCT-116 and LoVo cells [11]. In a model of colon cancer induced by 1,2-dimethylhydrazine, hesperetin
has demonstrated the capacity to reduce indicators of cell proliferation, angiogenic growth factors, and the expression
of COX-2 mRNA [12]. Additionally, quercetin has been found to regulate the toll-like receptor 4 (TLR4)/NF-kB
pathway, resulting in reduced migration and invasion of human colon cancer cells, particularly the Caco-2 cell line
[13].

Marijuana

Cannabis is a genus of flowering plants in the family Cannabaceae. Three species may be recognized: Cannabis
sativa, Cannabis indica, and Cannabis ruderalis; C. ruderalis may be included within C. sativa; all three may be
treated as subspecies of a single species, C. sativa; or C. sativa may be accepted as a single undivided species. The
genus is widely accepted as being indigenous to and originating from Asia. FBL-03G, a flavonoid derivative of
cannabis, has shown considerable therapeutic potential in the treatment of pancreatic cancer [14]. There are number
of flavonoids that has been isolated from marijuana and showed anticancer activity. Kaempferol, Apigenin,
Cannflavins, Silymarin, Luteolin, Orientin, Vitexin, Isovitexin and Quercetin are some of the flavonoid compounds
that has been extracted from cannabis. Kaempferol help in decreasing cell viability and proliferation and found to
be effective in colon cancer in combination with 5-FU [15], apigenin reduced the formation of circular
chemorepellent-induced defects in the endothelial barriers in colon cancer [16], Luteolin, quercetin is found to be
effective in colon cancer [17, 18].

Wild herbs and shrubs may harbour potent anticancer properties, even if they aren't economically significant. While
there are reports of marijuana's anticancer effects on colon cancer, they often use common biomarkers for detection.
The impact of these botanicals on hematopoietic growth factors (HGFs), M-CSF and GM-CSF, which can detect
cancer early, is an area with limited research but substantial diagnostic potential.

MATERIAL AND METHODS

Materials

In November 2021, Cannabis sativa leaves, commonly known as marijuana, were gathered from various areas in the
Uttarakhand region. These botanical samples were carefully stored in zip-lock bags to preserve them for future
reference. The authentication process was conducted by Dr. Anamika Singh of Vardhman College in Bijnor, India,
ensuring the precise identification of the plant species.

Chemicals of analytical-grade reagents were used. Mercuric chloride, methanol, ethanol, sodium carbonate, 2,2-
diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid, MTT reagent, and dimethyl sulphoxide (DMSQO). The HCT116
cell line used in the study was sourced from the National Centre for Cell Science (NCCS) in Pune.

Methods

Soxhlet extractions of leaves

Leaves were dried under shade, and once dried, they were ground into powder. The Soxhlet extraction method was
used with different solvent, following the procedure of Chauhan et al., 2021 [19]. Briefly, a 5-gram portion of the
dried sample was subjected to extraction with 500 mL of hexane, chloroform, methanol and water for 4 cycles per
hour, resulting in a total of 24 cycles. After the extraction process, the obtained extract was subjected to evaporation
and weighed. Then, it was further diluted in 20 mL of their respective solvent.

Phytochemical analysis of extracts

The crude samples were screened to detect different phytoconstituents, including Alkaloid, Flavonoids, Steroids,
Saponins according to protocol of Vaghasiya et al., 2011 [20], while Tannins, and Carbohydrates were examined
following the protocol of Bhat et al., 2019 [21]. Additionally, the presence of Cardiac Glycosides was assessed using
the protocol of Yadav et al., 2011 [22].

Total Flavonoid content

The estimation of flavonoid content was conducted using the aluminum chloride colorimetric method [23]. Briefly,
0.5 ml of a solution containing 1.2% aluminum chloride and 1M potassium acetate was added to 0.5 ml of the extract.
The reaction mixture was then diluted to a total volume of 3 ml using methanol and left to incubate at room
temperature for 30 minutes. After incubation, the absorbance of the solution was measured at a wavelength of 415
nm. A blank sample was prepared by combining all reagents except for the extracts.
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Standard solutions of quercetin were prepared within the concentration range of 0.01 mg/ml to 0.150 mg/ml. The
Total Flavonoid Content (TFC) was calculated using the equation derived from the standard curve of quercetin and
was expressed as milligrams of quercetin equivalent (QE) per 100 grams of dried fruit sample.

Antioxidant assay of crude extract

DPPH assay

To evaluate the crude extract's DPPH free radical scavenging activity, the stable 2,2-diphenyl-1-picrylhydrazyl
(DPPH) free radical was utilized as a marker [24]. The samples were diluted to a concentration of 1 mg/ml. A reaction
mixture was prepared by combining 1.0 mL of 0.1 mM DPPH in methanol with 0.1 mL of the extract. This mixture
was then incubated in the dark at room temperature for 30 minutes. The extent of DPPH inhibition was measured by
monitoring the drop in absorbance at 517 nm. Ascorbic acid was used as the positive control. The radical scavenging
activity was calculated as the percentage of free radical inhibition using the formula:

A0 — At
% DPPH inhibition = ( ) * 100

where AO represents the absorbance of the control (blank without the sample), and At represents the absorbance in
the presence of the sample. All tests were performed in triplicate, and the mean values were used to plot the graph.
FRAP assay (Ferric Reducing Antioxidant Power Assay)
The FRAP test, following the procedure by Benzie et al. in 1996 [25], involved diluting the samples to 1 mg/ml. An
aliquot (100uL) of the properly diluted extract was added to 3 mL of the standard reaction solution. The absorbance
was measured at 593 nm immediately and six minutes later at room temperature. This process was repeated three
times. A standard curve was created using FeSO4 in the range of 200-1000 uM. The FRAP values for the standards
and samples were expressed in units of uM Fe[l1]/g dry wt.
H202 assay
To determine the H,O; scavenging activity of the diluted crude extract, 40 mM H,0O- solution (0.6 mL) was mixed
with the diluted extract (0.1 mL) in 2.4 mL of phosphate buffer (0.1 M, pH 7.4). The mixture was vigorously agitated
and incubated for 10 minutes at room temperature. After incubation, the absorbance of the reaction mixture was
measured at 230 nm. Ascorbic acid was used as the positive control in the experiment. The H,O, scavenging activity
was then calculated using the following formula:

0—At

A
% H202 inhibition = ( 10 )100

Where A0 represents the absorbance of the ascorbic acid (positive control), and At represents the absorbance of the
sample.

Column purification of crude extracts

Crude extracts were screened for their anticancer activity against HCT116 cell lines. Extract with potent anticancer
activity was subjected to column purification following the protocol of [26]. Briefly, the crude extract was dried and
packed into a column with silica 60—120 mesh using hexane as the solvent. Carefully applying the crude extract on
the silica layer without disturbing it, the purification process utilized a step-wise increase in solvent polarity with
varying ratios of chloroform, and methanol (Chloroform (20 ml); Chloroform: Methanol (16:4); Chloroform:
Methanol (10:10); Chloroform: Methanol (4:16) and Methanol (20 ml) with a flow rate of 5 ml per min. The eluted
fractions were screened for anticancer activity, and subsequently, specific fractions were further purified using
HPLC.

HPLC purification and isolation of single compound

The most potent fraction with anticancer properties was chosen for further analysis. To separate its compounds,
High-Performance Liquid Chromatography (HPLC) was employed, following the procedure outlined by Khuluk et
al., 2021 [27]. Standard solutions of various flavonoids (Catechin, Diosmetin, Epicatechin, Quercetin, Rutin,
Kaempferol) were prepared at a concentration of 20 pg/ml in high-quality HPLC-grade methanol. The filtered
fractions were sonicated at room temperature for 10 minutes. The analysis was conducted using an Agilent 1200
series HPLC system equipped with a dual pump and a PDA (UV/Vis) detector. Separation was achieved using a C18
column with dimensions of 4.6 mm in diameter, 150 mm in length, and a pore size of 5 um. A consistent flow rate
of 1 ml/min was maintained throughout the analysis. The separation process employed a gradient solvent system
comprising two solvents: Solvent | (Methanol) and Solvent 11 (0.2% formic acid). The gradient was programmed as
follows:

15-30% solvent | for 0-10 minutes

30-50% solvent | from 10 to 45 minutes

50-80% solvent I from 45 to 50 minutes

80-100% solvent | from 50 to 55 minutes

A constant 100% solvent | from 55 to 60 minutes

This gradient system effectively separated the compounds present in the anticancer fraction. The UV/Vis detector
measured the absorbance of the eluted compounds, facilitating their identification and quantification.

Anticancer Activity
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After the HPLC purification, the compounds obtained were tested for their potential anticancer activity against
HCT116 cell lines. All the purified compounds were dried and then diluted to a concentration of 1 mg/ml. The cell
lines were incubated with the maximum concentration of each compound. The % cytotoxicity was then calculated
based on the response of the cells to the compounds. Compounds that showed significant cytotoxicity and
demonstrated potential anticancer activity were selected for further analysis. These promising compounds were
subjected to 1C50 (half-maximal inhibitory concentration) calculation.

IC50 estimation for the purified compounds

The compounds were appropriately diluted based on their concentrations in DMSO. Cell lines that had been grown
for 24 hours to reach confluence with a cell number of 3*10° were seeded in a 96-well microtiter plate. Different
dilutions of the compounds were added to the wells, and the plate was then incubated at 37°C in a 5% CO; incubator
for 72 hours. After the incubation period, the supernatant was removed, and 25uL. of MTT reagent (5 mg/ml) was
added to each well. The plate was further incubated for 2 hours. Following this, 125uL of dimethyl sulfoxide
(DMSO0) was added to each well to dissolve the formazan precipitate, and the wells were stirred for an additional 15
minutes. Absorbance measurements were taken at a wavelength of 490 nm using a spectrophotometer. To provide a
baseline for comparison, two negative controls were included: one with only DMSO, and another with only media
along with cell controls.

The percentage cell cytotoxicity was calculated using the following formula:

A0 — AS
)*100

% Cell cytotoxicity = <

Morphological analysis of cells under 1C50 treatment

Cells HCT116 cell lines, initially at a concentration of 2*10° cells/ml, were treated with isolated compounds at their
IC50 concentrations. They were then incubated for 24, 48, and 72 hours. Control cells without treatment were
incubated for the same durations. After each incubation period, cell morphology was observed under a 40X inverted
microscope. The cells were subsequently counted using the trypan blue cell exclusion method.

Gene expression analysis

To isolate RNA, an overnight cultured monolayer of HCT116 cells, at an approximate concentration of 2.6*10*
cells/ml, was treated with purified compounds at their IC50 concentrations in a six-well microtiter plate. Control
wells with untreated cells were also included. Following a 72-hour incubation at 5% CO; and 95% humidity in a
CO; incubator, the cells were trypsinized and pelleted by centrifugation at 2000 rpm for 10 minutes.

The RNA isolation procedure followed the protocol outlined by Rio et al., 2010 [28]. Briefly, the cell pellet was
resuspended in 1 ml of Trizol, mixed to dissolve the pellet, and then 0.2 ml of chloroform was added and vigorously
mixed. After a brief incubation, the mixture was centrifuged, and the upper aqueous phase was transferred to a new
tube. Isopropanol was added, followed by centrifugation, and the RNA pellet was obtained. After a series of steps,
the RNA pellet was finally suspended in 70 ul of nuclease-free water and stored at -20°C. RNA quality was assessed
by gel electrophoresis and its quantity was measured at 260 nm and 280 nm using a UV-Vis spectrophotometer.
The cDNA first strand was synthesized using the Thermo Scientific RevertAid First Strand cDNA Synthesis Kit
#K1621. The kit components were thawed and centrifuged before use. RNA samples were adjusted to a concentration
of 5 g in a total volume of 20 pl.

The reaction mixture consisted of RNA template (5 pg), oligo (dt)18 primer (1 pl), and nuclease-free water, which
were combined in PCR vials to reach a total volume of 20 pl. After incubation at 65°C and chilling on ice, the
enzyme mix was added. The reaction proceeded for cDNA synthesis and was terminated at 70°C. The cDNA reaction
products were stored at -20°C.

Real-time polymerase chain reaction (PCR) amplification was performed using the ABI PRISM 7000 SDS
instrument, adhering to the universal thermal cycling conditions. Each 50 ul reaction mixture comprised 25 ul of
Sybr green PCR master mix, 5 pl of cDNA, 2 ul of diluted forward and reverse primer. Stringent quality control
measures were implemented through the inclusion of no template controls on each PCR plate to mitigate the risk of
PCR contamination. Gene expression analysis was executed utilizing the comparative CT method, with CT values
of the target gene being normalized to the endogenous reference gene (GAPDH) and subsequently compared with a
designated calibrator sample. The relative expression levels of target genes were quantified using the 2-24¢T formula,
and results were reported as the ratio of relative gene expression in compound treated cells relative to that in the
initial control replicate.

RESULT AND DISCUSSION

Hexane extract exhibited the highest extraction yield of 46% vyield. The chloroform and methanol extracts
demonstrated equivalent yield of a 38% extraction yield for each. Conversely, the water extract exhibited lower
efficiency, yielding a 34% extraction yield. These findings provide valuable insights into the selection of appropriate
solvents in Cannabis sativa extraction procedures.

Phytochemical analysis of extracts
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The phytochemical analysis of various Cannabis sativa extracts using different tests revealed distinct qualitative
differences in their chemical compositions. Water extract exhibited abundant presence alkaloids, flavonoids, phenols,
tannins, carbohydrates, saponins, and steroids. Methanolic extract exhibited moderate presence of several
compounds, while hexane extract showed mild presence of alkaloids, flavonoids, and phenols. Chloroform extract,
on the other hand, displayed a lack of most compounds (Table 1). Water extract was found to possesses a rich array
of phytochemicals, making it a potentially valuable focus for further exploration and study.

Samp | Alkaloid Flavo | Phe | Glycos | Tan | Carbohydrate Sapo | stero
le Maye | Dragen | Wag noid nol ides nins nins ids

r’s dorff’s | ner

test test test Molis | Fehli | Bened

ch ng’s icts

CSH + + + ++ + + + ++ + - - -
CsC | - - - + ++ - - - - - - -
CSM | - - - ++ + - + + + - + -
CSW | ++ ++ +++ | + +++ | ++ ++ ++ ++ +++ +++ ++

Table 1: Phytochemical analysis of different extracts of Cannabis sativa. CSH: Cannabis sativa hexane extract, CSC:
Cannabis sativa chloroform extract, CSM: Cannabis sativa methanol extract, CSW: Cannabis sativa water extract,
+: mildly present, ++: moderately present, +++: abundant, -: absent

Total Flavonoid content

In the hexane extract, the concentration of QE is 0.034 mg/ml, with a total flavonoid content of 0.819 mg/g. The
chloroform extract exhibits values of 0.048 mg/ml for QE and 1.149 mg/g for total flavonoid content. The methanol
extract shows a QE concentration of 0.071 mg/ml and a total flavonoid content of 1.697 mg/g. Notably, the water
extract demonstrates the highest concentrations, with a QE of 0.123 mg/ml and a total flavonoid content of 2.948
mg/g. Different TFC of each extract may be due to variations in the extraction methods. Flavonoids, known for their
antioxidant properties, play a vital role in shielding plants from UV light. Hemp exposed to intense solar radiation
and cold temperatures show elevated levels of cannflavin A, indicating its contribution to the plant's resilience in
challenging conditions [29].

Antioxidant assay of crude extract

The antioxidant activity of different extracts of Cannabis sativa has been assessed using three key parameters: DPPH
(% scavenging activity), FRAP value (UM Fe (I1)/g dry wt.), and H.O2 % scavenging. In the hexane extract, the
DPPH scavenging activity was recorded at 49.1%, with a corresponding FRAP value of 400 uM Fe (11)/g dry wt.
and an H,0- scavenging of 9.91%. Contrastingly, the chloroform extract exhibited lower antioxidant activity, with
a DPPH scavenging activity of 27.45%, a FRAP value of 466.6 uM Fe (I1)/g dry wt., and an H>O scavenging of
4.05%. The methanol extract displayed robust antioxidant potential, with a high DPPH scavenging activity of 76.4%,
a significantly elevated FRAP value of 4200 uM Fe (11)/g dry wt., and an H,O; scavenging activity of 36.94%.
Similarly, the water extract exhibited significant antioxidant activity with DPPH scavenging activity of
77.941+1.104%, a FRAP value of 3666.67+115.47 uM Fe (11)/g dry wt., and an H,O, scavenging activity of 43.7%
(Table 2). The findings highlight the diverse antioxidant capacities of different Cannabis sativa extracts, with the
methanol and water extracts showing particularly robust antioxidative properties. The findings contribute to our
understanding of the potential health benefits associated with cannabis extracts, suggesting their utility in combating
oxidative stress-related conditions. There is no direct link between the flavonoid content in plant extracts and their
antioxidant activity. This implies that the antioxidant activity cannot be solely attributed to the flavonoid content,
and other metabolites present in the extracts also play a role in determining the overall antioxidant activity.

Sample DPPH (% FRAP value (UM Fe | H.0, %
scavenging (1/g dry wt.) scavenging
activity)

CSH 49.106+1.850 400 9.91

CsC 27.450%3.677 466.667+115.47 4.054

CSM 76.376+0.149 4200+200 36.937

CSwW 77.941+1.104 3666.667+115.47 43.694
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Table 2: Antioxidant activity of different extracts of Cannabis sativa. CSH: Cannabis sativa hexane extract, CSC:
Cannabis sativa chloroform extract, CSM: Cannabis sativa methanol extract, CSW: Cannabis sativa water extract.
Data are mean + std. dev. and n=3.

Purification and isolation of single compound

All crude extracts were screened to assess their potential for anticancer activity, and the extract exhibiting strong
anticancer effects was column purified. Only water extract demonstrated anticancer activity against the HCT116 cell
line and were selected for subsequent purification. The purification process involved column chromatography of raw
materials, resulting in the acquisition of approximately 20 fractions for each sample. Anticancer activity testing was
then conducted on these fractions at their maximum concentrations. Fractions that exhibited positive anticancer
activity underwent further purification steps, which included evaporation, quantification of the remaining material
through weighing, and dissolution in HPLC-grade methanol. Fractions F19 and F20 displayed significant anticancer
activity against HCT116 cell lines. These fractions underwent additional purification using High-Performance Liquid
Chromatography (HPLC) to isolate individual compounds.

Anticancer Activity and 1C50 estimation for the purified compounds

All the purified compounds were screened at their maximum concentrations against HCT116 cell lines. Two
compounds namely Quercetin and a novel compound were purified from F19 and F20 respectively. Only quercetin
showed anticancer activity and was proceeded for IC50 estimation. The percentage of cytotoxicity increases as the
concentration of quercetin rises, indicating a potential dose-dependent impact on cell viability. At 100 pg/ml, the
highest observed concentration, the cytotoxicity reaches 87.85% (Figure 1). The half maximal concentration of the
purified quercetin was found to be 60.253 pg/ml against HCT116 cell lines. Quercetin is a natural compound with
antiproliferative activity against different cancer cell lines. It is reported to have IC50 of 55uM in MDA-MB-468
breast cancer cell line [30] and 36 pg/ml against HCT116 cell line after 72 hrs. of incubation [31]. The variation in
IC50 values between different cell lines may be attributed to differences in cellular characteristics and sensitivity to

quercetin.
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Figure 1: % Cytotoxicity at different concentration of quercetin against HCT116 cell lines. Data are represented as
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Morphological analysis of cells under IC50 treatment

HCT116 cell lines were incubated with IC50 concentration of quercetin and the cell morphology was assessed at 24,
48 and 72 h intervals, respectively (Figure 2A). No morphological differences were observed in control HCT116
(without treatment) cell line after 72 hrs. of incubation. While cell lines incubated with IC50 concentration of
quercetin showed loss of attachment to the substrate and are more circular after 24 hrs. of incubation. A significant
cell blebbing can be observed after 48 hrs. of treatment indicating early apoptotic cells. Small circularized cell
aggregated indicated late apoptotic or dead cells after 72 hrs. of incubation with quercetin.

In the HCT116 cell line, untreated cells exhibit a typical growth pattern, with the cell population increasing over the
72-hour period. The quercetin-treated HCT116 cells, on the other hand, display a suppressive effect on cell
proliferation (Figure 2B). The observed decrease in cell counts at 24, 48, and 72 hours in the presence of quercetin
suggests a potential anti-proliferative or cytostatic impact. This could be indicative of quercetin's interference with
cellular processes involved in growth or cell cycle progression. Further molecular and mechanistic studies would be
necessary to elucidate the specific pathways affected by quercetin and to comprehensively understand its biological
impact on HCT116 cells.
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Figure 2: A: Morphological analysis of HCT116 cell lines after 0, 24, 48 and 72 hrs. of incubation with quercetin.
B: Number of cells calculated after each period of incubation using trypan blue exclusion method. All data are
represented as mean std dev, where n=3 and *** indicate p<0.001.

Gene expression analysis
The RNA that was extracted is in good condition with a high level of integrity and purity, ranging from 1.84 to 1.9.
The 2(49Y method is employed to assess the relative gene expression levels of M-CSF and GM-CSF in two
experimental conditions: "HCT116_quercetin" and the reference condition "HCT116." The gene expression of M-
CSF is approximately 5.29 times higher in quercetin-treated cell lines than the non-treated, indicating an upregulation
in the presence of quercetin (Figure 3). Similarly, the gene expression of GM-CSF is approximately 1.04 times higher
in the same condition compared to the non-treated. This suggests a slight upregulation of GM-CSF in the presence
of quercetin. The results indicate that quercetin treatment may have a more pronounced effect on the expression of
M-CSF compared to GM-CSF in HCT116 cell lines.
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Figure 3: A: Amplification plot (ARn and log ARn), B: Relative gene expression of M-CSF and GM-CSF. All data
are represented as mean + std dev., where n=3, Significance is denoted by asterisks, with "***" indicating high
significance (p<0.001), and "N. S" indicating non-significant differences.
CONCLUSION
The comprehensive investigation into various Cannabis sativa extracts and their properties provides valuable
insights into their potential applications in medicine and health. The phytochemical analysis highlighted the
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distinctive compositions of each extract, emphasizing the richness of compounds in the water extract. The antioxidant
assays demonstrated varying capacities among extracts, with methanol and water extracts displaying particularly
potent antioxidant properties. These findings underscore the potential health benefits associated with cannabis
extracts, especially in combating oxidative stress-related conditions. The purification and isolation of compounds
from the water extract unveiled the presence of quercetin, a natural compound known for its anticancer properties.
The subsequent assessment of quercetin's impact on HCT116 cell lines revealed significant cytotoxicity, suggesting
its potential as an anti-proliferative agent. The morphological analysis further supported this, indicating quercetin's
influence on cell attachment, morphology, and viability over time.

Gene expression analysis provided insights into the molecular mechanisms underlying quercetin's effects, showing
an upregulation of M-CSF and a slight upregulation of GM-CSF. These findings contribute to a better understanding
of the potential therapeutic mechanisms of quercetin in cancer treatment. In conclusion, this study sheds light on the
diverse chemical compositions and biological activities of different Cannabis sativa extracts. The identified
quercetin compound, with its promising anticancer properties, opens avenues for further research into the therapeutic
potential of cannabis-derived compounds in oncology. These findings contribute to the growing body of knowledge
surrounding the pharmacological potential of Cannabis sativa and its constituents.
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