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Abstract---Due to the increase in cancer cases worldwide, natural 

products are gaining interest, particularlythose herb-based 
extractsare growing. Plants are classified as one of the primary 

suppliers of bioactive components. The species Solidago Canadensis, 
Asterales, Asteraceae, and Plantae are found in Iraq. The upper parts 

of these plants are very often utilized to treat inflammatory disorders. 
S. Canadensis L. has been extracted as phytochemical compounds for 

anti-colorectal adenocarcinoma and -acute monocytic leukemia (AML) 

in in-vivo cancer models to find novel sources of the anticancer 
mixture.The relationship between each investigation is one of the 

critical phases for the effects associated with this particular style of 

study. In the present research, extracted phytochemical compounds 
from S. Canadensis L. were discovered to significantly inhibit 

colorectal adenocarcinoma and AML in vitro, and the narrative makes 

this compound promising for antitumor activity testing in vivo. 
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1. Introduction  

 
Cancer is regarded as a serious public health issue because it is the leading 

cause of morbidity and mortality worldwide(1).Cancer treatment is generally 

defined as a combination of surgery, tumor removal, chemotherapy, 

immunotherapy, and radiation(2,3). Nevertheless, most malignancies continue to 
exhibit moderate responses to therapeutic regimens, reducing the 
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appropriateness, and effective treatments for primary tumors and metastasis(4). 

The efficiency of carcinoma medications is frequently hampered by their poor 
solubility and stability, the slow percentage that the tissues absorb, as well as 

tumor medicationresistance(5). Furthermore, many antineoplastic drugs are 

associated with an increase in adverse-effect percentage, which leads to 
toxicity(6). Therefore, many of the negative effects associated with currently 

offered chemotherapeutic medicines motivate the exploration of novel, highly 

effective, and easily absorbed medications.Pharmacological investigations with 

plant extracts and substituted analogs among those herbal extracts have indeed 
been increased in an attempt to produce more efficient and safer outcomes(7,8). 

 

Herbal medicines were considered a useful source of effective therapeutic 
medicines, with the development of various bioactive bio-active molecules, tuned 

to perform biological tasks (9). Plant phytochemicals, such as polyphenols, 

flavanols, and oil, have been discovered to influence cancer tumor tissue, 
affecting reductions of between 30% and 40% of tumors (10). Solidago canadensis 
L. contains phytochemicals, such as phenolics, flavonoids, and essential oils, 

which play an important part in the control agents β-thujone and Limonene(11). 

Solidago, sometimes known as goldenrods, is a species of between 110-119 plant 
species in the Asteraceae family (12). Herbal compounds are a good source of 

anticancer drugs that are both safe and effective, and they often lead to the 

development of new medicines (13). Many plant species in the Asteraceae family 
can be used to treat such as cancer, inflammation, and infections(14). 

Phytochemicals extracted from natural plant sources have always had the 

potential to improve the efficacy of ovarian anticancer therapy while somehow 
contributing to the mitigation of the negative consequences of ovarian cancer. 

Uche et al. (15). recently discovered that phytochemicals extracted from plants 

and their derivatives, which are used in the analysis of ovarian tumors, have a 

major effect on the reduction in ovarian cancer cells.In South America, the aerial 
sections of S. Canadensis L. have been used for burn therapy due to their healing 

properties and as antirheumatic, anti-inflammatory, analgesic, and 

diuretic(16,17). Based on chemical tests, the ethanolic phytochemical compounds 
extract from the aerial sections of S. Canadensis L.havemany types of terpenes 

and terpenoids like phytol, bornyl acetate, andrographolide, elemol, caryophyllene 

oxide, and others (18–20). The present study aimed to examine the anticancer 
activity of S. Canadensis L. and its phytochemical extract, which are considered a 

strong alternative to medicinal chemicals because they are natural sources. 

 

2. Materials and Methods 
 

All reagents and solvents used, except as noted, were of analytical reagent quality. 

Gas chromatography-mass spectrometry (GC–MS) grade was used for GC–MS 
analysis. The chemicals were obtained from Riedel-de Haen, Germany. 

 

2.1. Plant material  
 

Prof. Dr. SukaenaAbass, Department of Biology, College of Sciences, University of 

Baghdad, verified the plant material. The aerial section of S. Canadensis was 

obtained in Iraq, Babylon City, in October of 2020.First, the aerial sections were 
washed and then dried at room temperature (25°C). A centrifugal mill was used to 
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grind materials into a fine powder. The sample's fine flour was kept at 4 °C in a 

plastic container before extraction. 

 

2.2.  Extraction and preparation of phytochemicals 
 

Phytochemical extraction was carried out by the cold method of extraction in 

which a Fine powder of S. Canadensis(750 g)was macerated for 24 hours with 
hexane as a solvent (21)Afterwards, the sample was filtered under vacuum and 

evaporated to drynessusing a rotary evaporator (Heidolph Germany Rotavapor), 

and the dried sample 2.7gm was stored in a refrigerator at 2 ℃ for further 
biological evaluation.  

 

2.3.  Preliminary qualitative phytochemical analysis of crude extracts 

 
Analysis of Phytochemical compounds in the aerial sections of S. Canadensis L. 
was conducted according to Harborne (1998)(22). 

 
2.4. Test for terpenoids 

 

Five ml of the sample, 2 mL of chloroform, and 3 mL of H2SO4 were mixed. A layer 
of reddish-brown coloration was formed at the interface, indicating a positive 

result for the presence of terpenoids. At the interface, a layer of reddish-brown 

coloration appeared, suggesting a good result for the presence of terpenoids. 
 

2.5. Gas chromatography-mass spectrometry (GC-MS) analysis of essential 

oils 

 
Essential oils were analyzed using GC–MS (QP2020, Tokyo, Japan)in accordance 

withAlfekaik and AL-Hilfi(23). the profile of GC–MS was equipped with an Rtx-

1MS-fused bonded column (30 m × 0.25 mm i.d. × 0.25 µm film thickness, 
Restek, USA) and a split–splitless injector. The first-column temperature was 

retained at 45 °C for 2 min (isothermal) before being programmed to 300 °C at a 

rate of 5 °C/min for 5 min (isothermal). The temperature of the injector was 250 
°C. The flow rate of helium carrier gas was 1.41 mL/min. The following 

parameters were used to obtain all of the mass spectra: (equipment current) 60 

mA filament emission current, 70 eV ionization voltage, 200 °C, and ion-source 
split mode used to inject diluted samples (1 percent v/v, a split ratio of 1:15). A 

Shimadzu QP2010 quadrupole was used for the GC–MS analysis of the hexane 

extract. A carbowax (30 m 0.25 mm ID; 0.25 m film thickness) capillary column 

was used in the GC–MS apparatus (Intercut DB5MS, Japan). One μl of the 
sample was injected into the column. Helium was used as the carrier gas. Injector 

and detector temperatures were set at 280 °C. The injection was performed in 

split mode (1:30). The column temperature was determined to be 50 °C at first, 
and then it was increased at the rate stated in Table 1 until it reached a final 

temperature of 280 °C. Peaks were found by comparing mass spectra to the mass 

spectral database while the chemicals were separated at constant pressure (100 
kPa). The compounds were identified by comparing their mass spectra to those in 

the NIST Library. 
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Cell culture of colorectal adenocarcinoma 

 
Nawah Scientific Inc (Mokatam, Cairo, Egypt) supplied colorectal 

adenocarcinoma. Cells of colorectal adenocarcinoma were incubated in Dulbecco's 

Modified Eagle Medium (DMEM) enriched with 10% of heat-inactivated fetal 
bovine serum in humidified, 100 units/mL of penicillin, 100 mg/mL of 

streptomycin and 5% (v/v) CO2 atmosphere at 37 °C. 

 

Cytotoxicity assay of colorectal adenocarcinoma 
 

The WST-1 test (ab155902 WST-1 Cell Proliferation Reagent)has been used to 

evaluate the vitality of colorectal cancer cells. 50 μL cell suspension (3× 103 cells) 
sample arrangement in the plates after that incubated with media for a 1 day, 

and then the colorectal adenocarcinoma cells were provided treatment with 

different concentrations of the 50 μL media containing extracted phytochemical 
compounds (EPCs) at serial concentrations (0.01, 0.1, 1, 10, and 100µg/mL, 

DMSO as solvent) for 48 h. Afterward, they have been treated with a 10 μL WST-1 

reagent. Finally, using a BMG LABTECH- FLUOstar Omega microplate 
reader(Allmendgrün, Ortenberg), the absorbance was measured at 450 nm after 

60 minutes.  

 

Cell culture of Anti-acute monocytic leukemia 
 

Anti-acute monocytic leukemia was obtained from Nawah Scientific Company 

(Mokatam, Cairo, Egypt). The Anti-acute monocytic leukemia cell keeps remaining 
in RPMI media, enriched with 10% of heat-inactivated fetal bovine serum in 

humidified, 100 units/mL of penicillin, 100 mg/mL of streptomycin, and 5% (v/v) 

CO2 atmosphere at 37 °C. 
 

Cytotoxicity assay of Anti-acute monocytic leukemia 

 
The WST-1 test (ab155902 WST-1 Cell Proliferation Reagent)has been used to 

evaluate the vitality of colorectal cancer cells. 50 μL cell suspension (3× 103 cells) 

sample arrangement in the plates after that incubated with media for a 1 day, 

and then the colorectal adenocarcinoma cells were provided treatment with 
different concentrations of the 50 μL media containing extracted phytochemical 

compounds (EPCs) at serial concentrations (0.01, 0.1, 1, 10, and 100µg/mL, 

DMSO as solvent) for 48 h. Afterward, they have been treated with a 10 μL WST-1 
reagent. Finally, using a BMG LABTECH- FLUOstar Omega microplate reader 

(Allmendgrün, Ortenberg), the absorbance was measured at 450 nm after 60 

minutes. 
 

3. Results and Discussion 

 

3.1. Phytochemicals compounds of S. Canadensis L. 
 

The occurrence of phytochemical compounds was shown through GC–MS 

analysis of S. Canadensis L. phytochemical compounds. Table 2 shows the 
phytochemical compounds together with their molecular weight, molecular 
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formula, retention time, compound nature, and area (100%).The aqua-ethanol 

(85%) extract of S. Canadensis L. is an unique mixture of several ingredients, and 

GC–MS detected 51 compounds of S. Canadensis L. Phytochemical compounds, 

such as bornyl acetate (0.15%), andrographolide (0.36%), Z,Z,Z-1,4,6,9-
nonadecatetraene (0.65%), trans-chrysanthemal (0.25%), 1-oxaspiro[2.5]octane 

(34%), andrographolide (1%), 4,7,10,13,16,19-docosahexaenoic acid, methyl ester, 

(all-Z)(0.86%),11,11-dimethyl-spiro [2,9]dodeca-3,7-dien (0.46%), 
cyclohexanemethanol, 4-ethenyl-.alpha.,.alpha., elemol (1.08%), doconexent 

(1.12%), caryophyllene oxide (3.42%), cis-lanceol (2.4%), 1,3-bis-(2-cyclopropyl,2-

methylcyclopropyl)-but-2-en-1-one (0.32%), dactylol (0.32%), β-cembrenediol 

(1.11%), cyclopentaneacetaldehyde (1.2%), bicyclo [6.1.0] nonane (0.75%), 
8,11,14-eicosatrienoic acid, methyl ester (0.36%), 2H, benzocyclohepten-2-one 

(1.13%), 1H-2,8a-methanocyclopenta, [a]cyclopropa[e]cyclodecen-11-one (6.85%), 

cyclopropa[d]naphthalen-3-one, octahydro (0.37%), 2,4a,8,8-tetramethyl-, oxime 
(0.37%), phthalic acid, isobutyl tridec-2 yn-1-yl ester (0.83%), aromadendrene 

oxide-(2) (5.04%), kauran-18-al, 17-(acetyloxy)-, (4.beta.) (2.16%), dichloroacetic 

acid, tridec-2-ynyl ester (1.04%), 13,1, octadecadiynoic acid, methyl ester (1.95%), 
caryophyllene oxide (0.62%), 1-methyl-6-(3-methylbuta-1,3-dienyl)-7-oxabicyclo 

[4.1.0]heptane (0.41%), pentadecanoic acid (5.5%) and 7,10-hexadecadienoic acid, 

methyl ester (0.60%), 7-hexadecenoic acid, methyl ester, (Z) (1.43%), phytol 
(10.04%), hexadecanoic acid, 15-methyl-, methyl ester (0.23%), cyclohexanol, 2-

methylene-5-(1-methylethenyl) (0.72%), 3-tetradecyn-1-ol (12.68%), octadecanoic 

acid, stearic acid (0.98%), (2Z)-3-pentyl-2,4-pentadien-1-ol (1.07%), 2-methyl-3-
isopropenylcyclohexanol (0.73%), (2E,6E)-3,7-dimethyl-2,6-nonadienyl acetate 

(4.12%), cyclobutane carboxylic acid, tridec-2-ynyl ester (0.50%) and 1,6-dibromo-

2-cyclohexylpentane (8.47%), 1,1-propanedicarbonitrile 1,2-dicyclohexyl-(4.23%), 

(2E,6E)-3,7,11-trimethyl-2,6-dodecadien-1-ol (1.44%), 2-butenoic acid, 2-methyl-, 
dodecahydro-8-hydroxy-8a-methyl-3,5, bis(methylene)-2-oxonaphtho[2,3-b]furan-

4-yl ester (0.35%), 2,3,3-trimethyl-1,7-octadiene (0.52%), 3-methyl-2-butenoic 

acid, dodec-9-ynyl ester (0.49%), methyl 12-oxo-9-dodecenoate (3.37%), butane-
1,1-dicarbonitrile, 1-cyclohexyl-3-methyl (1.10%), cyclohexane, (2-nitro-2-

propenyl) (2.03%), butane-1,1-dicarbonitrile, 1-cyclohexyl-3-methyl  (1.20%) were 

determined in S. Canadensis L. ethanol extract by referring to the appropriate 
peak region with the use of associated GC–MS as shown Fig. 1. Several reports 

have shown that these phytochemicals are found in S. Canadensis L. and that the 

extracted phytochemical of S. Canadensis L. contain various types of important 

phytochemical compounds(24–26), which have a major role on the anticancer, 
anti-arthritis, anti-inflammatory, antigout, antiviral, antimicrobial, and 

antioxidant effects (10,27–31). In the present study, phytol, 1,6-dibromo-2-

cyclohexylpentane, [a]cyclopropa[e]cyclodecen-11-one, pentadecanoic acid, 
aromadendrene oxide-(2), 1,1-propanedicarbonitrile 1,2-dicyclohexyl, 

cyclohexane, andrographolide, cyclohexanemethanol, 4-ethenyl-.alpha.,.alpha., 

elemol and doconexent, and kauran-18-al, 17-(acetyloxy)-, (4.beta.) showed 
higher ratios than other phytochemical compounds by (10.04%), (8.47%), (6.85%), 

(5.5%), 5.04%, (4.23%), (2.03%),  1.36%, 1.08%, 1.12%, and 2.16%, respectively. 

According to our findings, andrographolide comprises 1.36 % of the 

phytochemical compounds detected in the S. Canadensis L.  as well as, Zhang et 
al. (12) investigated the phytol concentration ofS.caesia, S.tortifolia, S.nemoralis, 
andS.rogsos, which were detected at ratios of  21, 0.16, 0.10, and 0.15%, 

respectively. In this study, phytol was detected at a ratio of around 10.04 %, 
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which is a high ratio in the S. Canadensis L, especially compared to previous 

research.  Many of the phytochemical compounds of S. Canadensis L. discovered 
were consistent with previous research (12,24,29,32,33). 

 

3.2. Cytotoxicity  

 
Natural ingredients derived from plants provide important promise for the 

production of innovative treatments(34). These components are identified as 

major suppliers of anticancer compounds (24). In addition, an estimated 60% of 
chemotherapeutic drugs are derived from natural sources, either directly or 

indirectly (8). In the present research, phytochemical compoundsofS. Canadensis 
L. were developed at various concentrations (0.01–100 µg/ml) with low and high 
molecular weight, identifying around 51 compounds in Table 2 and their chemical 

structure in Fig. 2 and 3. These findings supported those of previous research on 

the aerial parts of S. Canadensis L. basedon Gomes et al. (24), Wang et al.(25), 

and Mohamed et al. (26); and their possible mechanisms, including angiogenesis 
inhibition, differentiation, stimulation of cell death, cellular division inhibition, 

anti-proliferative effects, and carcinogen deactivation (35,36). Raffa et al. (36) 

reported that andrographolide plays a major role in the inhibition of NF-κB, JAK-
STAT, PI3K, HSP90, and MMPs in the cancer cell. As illustrated in Fig. 6, the 

process and stages for inhibiting cancer cells following exposure to S. Canadensis 
L. EPCs. The findings in the present study showed that extracted phytochemicals 

have a high amount of phytol, 1,6-dibromo-2-cyclohexylpentane, 
[a]cyclopropa[e]cyclodecen-11-one, and andrographolide, representing clear 

evidence to the reduction in colorectal adenocarcinoma cell (Table 2).  According 

to Choudhari et al. (37)reported that these compounds are naturally occurring 
physiologically and biological active ingredients with significant anticancer effects. 

As well, the phytol compound has a major role in the reduction of cancer cells 

Ajayi et al.(38), Kumar et al.(39); Shah et al. (40). As shown in Fig. 4, the EPC 
derived from S. Canadensis L. exhibited an effect on the reduced viability of acute 

monocytic leukemia at the concentration of 10 µg/mL. Furthermore, the viability 

of colorectal adenocarcinoma cells was affected at a concentration of 10 µg/mL 

and continuously decreased to reach 22% at a concentration of 100 µg/mL. 
According to Fouche et al. (41), in the National Cancer Institute (NCI) guidelines 

for in-vitro antiproliferative screening, extracts with total inhibition growth values 

of less than or equal to 50 g/mL are promising applicants. This criterion was 
carried out in the present study. 

 

The EPC of S. Canadensis L. showed a promising antiproliferative effect against 
colorectal adenocarcinoma and acute monocytic leukemiacells, mainly because of 

the presence of more lipid biochemical contents in lower polarity extracts, leading 

to the efficient attraction of these compounds to cellular membranes (42). 
Diterpenes 6-tigloyloxyolavenic acid and 6-angeloyloxykolavenic acid extracted 

from S. canadensis L. inflorescences play a major role in the effect against 

hepatoma, tumor, colon cancer, leukemia, cervical cancer, and breast cancer (43). 

These compounds were identified in the extracted phytochemicals of S. 
Canadensis L (Table 2). Meanwhile, the intraperitoneal LD50 of the isolated 

phytochemical S. Canadensis has not been classified as a “harmless” molecule. As 

a result, the recovered phytochemical compounds are considered to have been 

from natural sources and are nontoxic. 
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Anticancer S Canadensis L.-derived phytochemicals 

 

Phytochemicals generated from plants have the potential to improve the 

effectiveness of ovarian anticancer therapy while helping to reduce the 
detrimental effects of ovarian cancer (30,37). According to considerable in-vivo 

and in-vitro research, phytochemicals contain bioactive features that include 

active ingredients and their polyphenolic constituents, such as flavonoids, 
flavones, cancer prevention agents, and essential oils, and provide significant 

protection against various kinds of cancer (30,44).Several researchers have 

reported that many phytochemicals in the current investigation exhibit medicinal 
characteristics. For instance, andrographolide, elemol, and Phytol have been 

associated with a multitude of biological activities. Betulin, 1-heptatriacotanol, 

diol,2,3-dimethyl-5-trifluoromethyl, phen1,4- 1-ethynyl-3, trans(1,1-
dimethylethyl)-4, 7-methyl-Z-tetradecen, O-α-D-glucopyranosyl-(1. Fwdarw.3)-β-

dfructofuranosyl, α-D-glucopyranoside, and 6-ol pivalate showed antioxidant, 

anticancer, anti-inflammatory, anticarcinogenic, and antibiotic activities (45,46). 

Yu et al. (47) reported that andrographolide treatment plays a major role in anti-
colon cancer by inhibiting the migration of Ras-transformed cells for colon cancer. 

According to our findings, andrographolide comprises 1.36 % of the 

phytochemical compounds detected in the S. Canadensis L.  as well as, Zhang et 
al. (12) investigated the phytol concentration of S.caesia, S.tortifolia, S.nemoralis, 
andS.rogsos, which were detected at ratios of 21, 0.16, 0.10, and 0.15%, 

respectively. In this study, phytol was detected at a ratio of around 10.04 %, 

which is a high ratio in the S. Canadensis L, especially compared to previous 
research. According to Ajayi et al.(38), Kumar et al.(39), and Shah et al. (40), 

phytol extracts from plant sources are anti-cancer. Plant-derived medications are 

widely used for anticancer therapy because they are natural and easily 
obtainable. 

 

3.3. Histopathological analysis 
 

The biochemical findings were corroborated by the morphology of a normal 

colorectal adenocarcinoma, which showed typical clear colorectal adenocarcinoma 

cell viability (Fig. 5A). Severe accumulation and aggression were observed in 
cancer tissue after EPC treatment at a dose of 0.01 µg/mL (Fig. 5B). The 

colorectal adenocarcinoma treated with EPC (0.1 µg/mL) showed a loss of cells on 

the surface morphology of colorectal adenocarcinoma, as shown in Fig. 5C. 
Treatment with EPCs (10 and 100 µg/mL) increased the toxic manifestations in 

the colorectal adenocarcinoma cell and decreased the number of colorectal 

adenocarcinoma cells with the increase inthe dose of EPC (Figs. 5E and F). This 
finding is consistent with the findings in cell viability cytotoxicity in 

thecytotoxicity section. The present findings also suggested that the excess 

inEPCs resulted in a decrease in cell viability of acute monocytic leukemia and 
cytocolorectal adenocarcinoma activities compared with the normal control 

sample of cancer tissue. This decreasewas caused by increased lipid peroxidation 

or the inactivation of enzymes inthe cancer tissue (27). When the cancer tissue 
was treated with EPCs from plants, the cell viability of acute monocytic leukemia 

and colorectal adenocarcinoma cells was reduced, as shown in Fig. 5. The 

phytochemical compounds have a significant anticancer effect by inactivating the 

enzymes present in cancer tissue (10,26–28,30). 
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Conclusion  

 
The phytochemical components isolated from the aerial parts of S. Canadensis 

showed promising anticancer activity in vitro. The main phytochemicals found in 

theEPCs have a powerful antiproliferative effect on acute monocytic leukemia and 
cytocolorectal adenocarcinoma activity cell lines. The phytochemical extract of S. 
Canadensis exceeds the fundamental physicochemical parameters for absorption 

and bioavailability, and the demonstrated physiological activities are most likely 

due to the molecule’s interaction with nuclear receptors and as an enzyme 
inhibitor. 
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Table 1. GC–MS oven temperature program 

 

Rate Temperature (°C) Hold Time(min) 

- 50.0 5.00 

50.00 100.0 2.00 

9.00 280.0 2.00 
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Table 2. List of phytochemical compounds identified in GC-MS from Solidago Canadensis and theirmolecular weight, molecular formula, and retention time 

Compound  Name of compound  R T Compound nature Area Area (%) M W M F 

1 Bornyl acetate 9.915 Bornyl acetic acid 274652 0.15 196 C12H20O2 

2 Andrographolide 14.05 Green chiretta 654087 0.36 350 C20H30O5 

3 Z,Z,Z-1,4,6,9-Nonadecatetraene 14.37 Alkene compound 1165982 0.65 260 C19H32 

4 trans-Chrysanthemal 14.51 Pyrethrins 441862 0.25 152 C10H16O 

5 1-Oxaspiro[2.5]octane 14.74 Canonicalized 608489 0.34 206 C14H22O 

6 Andrographolide 14.89 Lanhelian 1800858 1.00 350 C20H30O5 

7 4,7,10,13,16,19-Docosahexaenoic acid, methyl 

ester, (all-Z)- 

15.07 Cervonic acid 1544565 0.86 342 C23H34O2 

8 11,11-Dimethyl-spiro [2,9]dodeca-3,7-dien 15.28 NF 820138 0.46 190 C14H22 

9 Cyclohexanemethanol, 4-ethenyl-.alpha.,.alpha., 

Elemol 

15.40 Elemol 1940317 1.08 222 C15H26O 

10 Doconexent 15.46 Docosahexaenoic acid 2010669 1.12 328 C22H32O2 

11 Caryophyllene oxide 15.83 Epoxide 6155631 3.42 220 C15H24O 

12 Cis-Lanceol 15.88 Canonicalized 4312296 2.40 220 C15H24O 

13 1,3-Bis-(2-cyclopropyl,2-methylcyclopropyl)-but-2-

en-1-one 

15.98 1,3-Bis-(2-cyclopropyl,2-

methylcyclopropyl)-but-2-en-1-one 

569066 0.32 258 C18H26O 

14 Dactylol. 16.44 Dactylol 569265 0.32 222 C15H26O 

15 β-Cembrenediol. 16.79 beta-Cembrenediol 1994925 1.11 306 C20H34O2 

16 Cyclopentaneacetaldehyde 16.91 Cyclopentaneacetaldehyde 2154785 1.20 166 C10H14O2 

17 Bicyclo[6.1.0]nonane 17.20 Bicyclononane 1345609 0.75 164 C12H20 

18 8,11,14-Eicosatrienoic acid, methyl ester 17.39 Methyl ester methyl 649890 0.36 320 C21H36O2 

19 2H-Benzocyclohepten-2-one 17.49 2H-Benzocyclohepten-2-one. 2037891 1.13 180 C12H20O 

20 1H-2,8a-Methanocyclopenta 

[a]cyclopropa[e]cyclodecen-11-one 

17.66 1H-2,8a-Methanocyclopenta 

cyclopropa[e]cyclodecen-11-one 

12325431 6.85 364 C20H28O6 

21 Cyclopropa[d]naphthalen-3-one, octahydro-

2,4a,8,8-tetramethyl-, oxime 

17.77 Cyclopropa[d]naphthalen-3-one, 

octahydro-2,4a,8,8-tetramethyl-, oxime 

670228 0.37 235 C15H25O 

22 Phthalic acid, isobutyl tridec-2-yn-1-yl ester 17.85 Phthalic acid 1489165 0.83 400 C25H36O4 

23 Aromadendrene oxide-(2) 18.06 Aromadendrene oxide 2 9068250 5.04 220 C15H24O 

24 Kauran-18-al, 17-(acetyloxy)-, (4.beta.)- 18.25 18-Oxokauran-17-yl acetate 3884394 2.16 346 C22H34O3 

25 Dichloroacetic acid, tridec-2-ynyl ester 18.45 Dichloroacetic acid, tridec-2-ynyl ester 1865493 1.04 306 C15H24Cl2O2 

26 13,16-Octadecadiynoic acid, methyl ester 18.55 13,16-Octadecadienoic acid, methyl ester 3508478 1.95 290 C19H30O2 

27 Caryophyllene oxide 18.66 epoxide 1115666 0.62 220 C15H24O 

28 1-Methyl-6-(3-methylbuta-1,3-dienyl)-7-

oxabicyclo[4.1.0]heptane 

18.85 NF 746465 0.41 178 C12H18O 

29 Pentadecanoic acid 19.44 Pentadecanoic acid 9981610 5.55 242 C15H30O2 

30 7,10-Hexadecadienoic acid, methyl ester 20.32 Canonicalized 1075117 0.60 266 C17H30O2 

31 7-Hexadecenoic acid, methyl ester, (Z)- 20.40 Fatty acid methyl esters 2564769 1.43 322 C21H38O2 

32 Phytol 20.58 Florasol 18068403 10.04 296 C20H40O 
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M.W=molecular weight; M.F=molecular formula; RT= retention time. 

 
 

33 Hexadecanoic acid, 15-methyl-, methyl ester 20.68 Methyl esters 413607 0.23 284 C18H36O2 

34 Cyclohexanol, 2-methylene-5-(1-methylethenyl)- 20.98 1-Methylethenyl 1301671 0.72 152 C10H16O 

35 3-Tetradecyn-1-ol 21.26 3-Tetradecyn-1-ol 22814133 12.68 210 C14H26O 

36 Octadecanoic acid, stearic acid 21.42 Stearic acid 1762591 0.98 284 C18H36O2 

37 (2Z)-3-pentyl-2,4-pentadien-1-ol 22.46 (2Z)-3-pentyl-2,4-pentadien-1-ol 1918292 1.07 312 C20H14O2 

38 2-Methyl-3-isopropenylcyclohexanol 22.61 -Methyl-3-isopropenylcyclohexanol 1309452 0.73 154 C10H18O2 

39 (2E,6E)-3,7-Dimethyl-2,6-nonadienyl acetate 22.78 3,7-Dimethyl-2,6-nonadien-1-ol acetate 7404451 4.12 210 C13H22O2 

40 Cyclobutanecarboxylic acid, tridec-2-ynyl ester 22.92 Cyclobutanecarboxylic acid 899714 0.50 278 C18H30O2 

41 1,6-Dibromo-2-cyclohexylpentane 23.18 Cyclohexene 15238700 8.47 310 C11H20Br2 

42 1,1-Propanedicarbonitrile, 1,2-dicyclohexyl- 23.39 Cyclohexane 7619186 4.23 258 C17H26N2 

43 (2E,6E)-3,7,11-Trimethyl-2,6-dodecadien-1-ol. 23.58 Sesquiterpenoids 2594439 1.44 224 C15H28O 

44 2-Butenoic acid, 2-methyl-, dodecahydro-8-

hydroxy-8a-methyl-3,5-bis(methylene)-2-

oxonaphtho[2,3-b]furan-4-yl ester 

23.97 2-Butenoic acid, 2-methyl- 634860 0.35 346 C20H26O5 

45 2,3,3-trimethyl-1,7-Octadiene 24.20 2,3,3-Trimethyl-1,7-Octadiene 937051 0.52 152 C11H20 

46 3-Methyl-2-butenoic acid, dodec-9-ynyl ester 24.31 Methyl-branched fatty acids 874303 0.49 264 C17H28O2 

47 Methyl 12-oxo-9-dodecenoate 24.49 Methyl 12-oxo-9-dodecenoate 6064455 3.37 226 C13H22O3 

48 Butane-1,1-dicarbonitrile, 1-cyclohexyl-3-methyl 24.60 1-Cyclohexyl-3-methylpent-1-ene 1985208 1.10 204 C13H20N2 

49 Cyclohexane, (2-nitro-2-propenyl)- 24.82 Allyl hexahydrophenylhexanoate 3646507 2.03 169 C9H15N2 

50 Butane-1,1-dicarbonitrile, 1-cyclohexyl-3-methyl 25.06 1-Cyclohexyl-3-methylpent-1-ene 5103918 2.84 204 C13H20N2 

51 Cyclopentaneacetaldehyde 16.91 Cyclopentaneacetaldehyde 2154785 1.20 166 C10H14O2 
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Fig. 1.GC–MS chromatography profile of Solidago Canadensis phytochemical compounds in 

hexane extract. 

 
 

 

 



         226 

 
Fig. 2. Chemical structure of phytochemical compounds detected (1-31) of Solidago 

Canadensis. 
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Fig. 3. Chemical structure of phytochemical compounds detected (32-51) of Solidago 

Canadensis. 
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Fig. 4. (A) Evaluation of hexane extract on anti-colorectal adenocarcinoma. The 
concentration of the extracted phytochemicals was between 1 and 100 µg/mL. Exposition 

time: 48 h. Human tumor cell lines: colorectal adenocarcinoma (SW620) and type: WST-1 

(Routine Analysis IC50) 5 concentration. (B) Anti-acute monocytic leukemia (AML). The 

concentration of the extracted phytochemicals was between 1 and 100µg/mL. Exposition 
time: 48 h. Human tumor cell lines: colorectal adenocarcinoma (SW620) and type: WST-1 

(Routine Analysis IC50) 5 concentration. 
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Fig. 5. The light microscopic surface of colorectal adenocarcinoma cell (×100 magnification). (A) A representative portion of a normal cell of 
colorectal adenocarcinoma (×100 magnification). (B) A representative portion of a cell of colorectal adenocarcinoma was treated with 0.01 

µL/ml extracted phytochemicals. (C) A representative portion of a cell of colorectal adenocarcinoma was treated with 0.1 µL/ml extracted 

phytochemicals. (D) A representative portion of a cell of colorectal adenocarcinoma was treated with 1 µL/mL of extracted phytochemicals. (E) 
A representative portion of a cell of colorectal adenocarcinoma was treated with 10 µL/ml extracted phytochemicals. (F) A representative 

portion of a cell of colorectal adenocarcinoma was treated with 100 µL/mL of extracted phytochemicals. 
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Fig. 6. Mechanisms of the effect of phytochemical components of Solidago Canadensison colorectal adenocarcinoma byin-vivo testing. 
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