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Abstract In recent research, we compared the anti-colorectal carcinoma effects of silver nanopar-

ticles containing AgNO3, Cannabis sativa L leaf aqueous extract and C. sativa against colorectal

carcinoma in cellular models. In addition, antioxidant, anti-diabetic and anticholinergic properties

of silver nanoparticles were measured. To synthesize silver nanoparticles, C. sativa leaf aqueous

extract and AgNO3 solutions were combined. Chemical characterization of these nanoparticles

was done with TEM, FT-IR, FE-SEM, and UV–Vis. In the FT-IR assay, more antioxidant mole-

cules with related bonds resulted in the perfect condition for the silver reduction in silver nanopar-

ticles. The clear peak at 425 nm wavelength in UV–Vis showed the formation of silver

nanoparticles. Also, in TEM and FE-SEM images, the silver nanoparticles were spherical, with

an average of 11.5 nm. MTT test was used on normal (HUVEC) and colorectal carcinoma (WiDr,

SW1417 [SW-1417], DLD-1, LS123, ATRFLOX [Mutatect], and Caco-2) cell lines to determine the

anti-colorectal carcinoma activities of AgNO3, C. sativa and silver nanoparticles. Silver nanoparti-

cles had very low cell viability against colorectal carcinoma cell lines. The IC50 of C. sativa and

AgNPs were 603 and 379 mg/mL against the WiDr cell line, respectively; were 500 and 285 mg/
mL against the SW1417 [SW-1417] cell line, respectively; were 649 and 377 mg/mL against the

DLD-1 cell line, respectively; were 634 and 350 mg/mL against the LS123 cell line, respectively; were

596 and 241 mg/mL against the ATRFLOX [Mutatect] cell line, respectively; and were 539 and
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296 mg/mL against the Caco-2 cell line, respectively. The best result of the cytotoxicity characteristic

of AgNPs against the above cell lines was seen in the case of ATRFLOX [Mutatect] cell line.

� 2021 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Today, nanoparticles have become very popular due to their

wide applications in biology, medicine and medicine. Struc-

turally, their size is in the range of 100 nm (Sankar et al.,

2014). There are various physical and chemical methods such

as chemical reduction, photochemical reduction, ultraviolet

and microwave radiation and laser for the synthesis of metallic

nanoparticles. Chemical methods do not work well due to the

production of toxic chemical compounds and compared to

other methods, environmentally friendly bio-methods are pre-

ferred for the synthesis of metallic nanoparticles, as these

methods are single-step and do not require reducing and stabi-

lizing compounds (Baghayeri et al., 2018). Among biological

methods, plants are a suitable option for the synthesis of

metallic nanoparticles so that the rate of metallic ion reduction

is very high. Synthesis methods by plants are low cost and high

yield and lead to the production of nanoparticle crystal struc-

tures of different sizes and this depends on the nature of the

plant extract, pH, temperature, and incubation time (Abdel-

Fattah and Ali, 2018).

A wide range of medial supplements such as small hydro-

philic and hydrophobic vaccines, drugs, and molecules of bio-
logical nanoparticles may be administered by the metallic
nanoparticles (Sankar et al., 2014). They are widely used in
improving the treatment and diagnosis of diseases. Nanoparti-

cles in the form of nanofibers, carbon nanotubes, nanolipo-
somes, nanospheres widely have been administrated for cell
scaffolding and drug carriers (Lozano, 2001; Asano, 2003;

Mitrakou et al., 1998; Kimura et al., 2004). Applications of
nanoparticles in drug delivery include drug carriers in disor-
ders such as tumor, cardiovascular disease, Alzheimer’s. The

use of these nanocarriers is very effective for neurological dis-
eases such as Alzheimer’s because these nanoparticles can
cross the blood–brain barrier due to their size that this barrier
has always been a barrier to the passage of drugs to the

affected area in this type of destructive brain disease
(Baghayeri et al., 2018). Due to the metallic nanoparticles
low size, they can also be used in brain cancers. The main

aim in making metallic nanoparticles is to control the surface
properties, particle size, and release of a specific and efficient
drug in a specific place and time for the drug to be as effective

as possible (Sankar et al., 2014; Baghayeri et al., 2018; Abdel-
Fattah and Ali, 2018). Nanoparticles have many therapeutic
applications and have always been used to treat various dis-

eases. Their use in the cure of infectious, fungal, bacterial,
viral, cutaneous, cardiovascular diseases has been amazing
(Sankar et al., 2014). The metallic nanoparticles have unique
properties to treat several cancers especially colorectal carci-

noma. Metallic nanoparticles disrupt cellular communication,
disrupting cellular communication networks and involved in
DNA damage and in increasing the expression of the apoptotic
protein molecule and in initiating programmed cell death of
apoptosis. Therefore, they lead to the proliferation of death
signals, which is very important in the treatment of cancer

(Sankar et al., 2014; Abdel-Fattah and Ali, 2018). In this
regard, silver was previously used as a therapeutic agent. Silver
nanoparticles are of great interest due to their availability, low

cost, and known healing activities (Sankar et al., 2014).
Among all nanoparticles, silver nanoparticles have received
meticulous attention due to their wide application in chemical,

optical, bioremediation, sensor, electrical, and biological field
(Baghayeri et al., 2018). Silver nanoparticles synthesized by
plant cells have been utilized extensively in biochemical
sciences to treat more diseases. Due to the low cost and high

availability of plants, the green synthesis of silver nanoparticles
by medicinal plants has increased significantly. Remarkable
applications of silver nanoparticles synthesized green every

year are gained and this trend continues. The results of former
studies have shown the important antifungal effects of silver
nanoparticles synthesized by plants in the therapy of candida

diseases and their antibacterial properties in the infectious
treatment of Salmonella, Staphylococcus, Streptococcus, Pseu-
domonas and Bacillus (Baghayeri et al., 2018). The major ther-
apeutic properties of silver nanoparticles are their anticancer

effects. The previous study noted that silver nanoparticles
had remarkable anticancer effects against various cell lines
such as HCT-116 (colon cancer), HepG2 (human liver cancer),

HeLa (human cervical adenocarcinoma cells), A549 (human
lung carcinoma cells).), SKBR3 (human breast adenocarci-
noma cells), MDAMB231 (human breast adenocarcinoma),

and MCF7 (human breast adenocarcinoma) (Abdel-Fattah
and Ali, 2018). About the anti-acute leukemia properties of sil-
ver nanoparticles, in the previous study was revealed that

polydopamine-coated silver nanoparticles had excellent anti-
acute myeloid leukemia in vitro and in vivo. In the previous
research, silver nanoparticles with polydopamine cap signifi-
cantly abolished acute myeloid leukemia cell lines, namely

Human HL-60/vcr, 32D-FLT3-ITD and Murine C1498
(Sankar et al., 2014; Abdel-Fattah and Ali, 2018). In other
research, the silver nanoparticle-chitosan composite was

reported to have strong anti-acute myeloid leukemia against
Human HL-60/vcr, 32D-FLT3-ITD, and Murine C1498 cell
lines (Baghayeri et al., 2018; Abdel-Fattah and Ali, 2018).

From ancient times and from the time when the man
entered the world, he always tried to strive for a better liveli-
hood and meet his needs. In this regard, gaining valuable expe-

riences created only by chance has led to the use of nature
around them to improve life for consecutive years (Sankar
et al., 2014). The most valuable experience that is now a relic
of the ancients and the wealth gained from them by modern

man is the use of plants as the most natural substances around
him for the treatment and even prevention of diseases, which
of course is easier than cure (Baghayeri et al., 2018). The

science of using medicinal plants is one of the most important

http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig. 1 FE-SEM image of AgNPs.
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medical sciences in the world and its importance was such that
some countries tried to plant and harvest some of the most
important ones (Ibraheem et al., 2019). Ethnomedicinal herbs

as a source of necessary chemical compositions gained much
attention to treat, control, and prevent many ills and promot-
ing body health (Rameshthangam and Chitra, 2018). Many

plants are used for their antibacterial property. Due to the cur-
rent progression in the herbs extraction methodology, eth-
nomedicinal plants are extracted in various sorts (Ibraheem

et al., 2019; Rameshthangam and Chitra, 2018). One of the
medicinal plant compound extraction methods used distilled
water, which the produced extract is called aqueous extract
(Abdel-Fattah and Ali, 2018; Ibraheem et al., 2019;

Rameshthangam and Chitra, 2018). In the current years, inter-
est in aqueous extract has been incremented for the pharmaco-
logical experiments and it appears that the aqueous extract has

been useful to treat, control, and prevent animal and human
bacterial infections (Sankar et al., 2014; Baghayeri et al.,
2018; Abdel-Fattah and Ali, 2018; Ibraheem et al., 2019).

One of the medicinal plants is Cannabis sativa L from the
genus Rosales, family Cannabaceae and genus Cannabis. C.
sativa in medicine, gastroprotective, hematoprotective, spleno-

protective, nephroprotective, immunoprotective, hepatopro-
tective, antiepileptic, anti-anemic, anti-abscesses, anticancer,
carminative, diuretic, cutaneous wound healing, pain relief,
antipyretic, anti-parasitic, antibacterial, anti-parasitic, antifun-

gal, antiemetic, anti-inflammatory and antioxidant effects
(Lozano, 2001). The main antioxidant components of C. sativa
are c-tocopherol, palmitic stearic acid, oleic acid, stearidonic

acid, a-linolenic acid and linoleic acid. In traditional Kurdish
medicine, C. sativa is used to treat many cancers like breast
and prostate cancers and blood diseases (Lozano, 2001).

Diabetes is a complex metabolic condition that has been
partially understood until now and then provides various bio-
chemical targets for anti-diabetic drugs. a-Glycosidase has an

important place in the targets for diabetes drugs because of its
integral role in the development and progression of Type 2 dia-
betes mellitus. Thus, a-glucosidase inhibitors are widely
accepted for treating Type-2 Diabetes, effectively reducing

postprandial hyperglycemia (PPGF) by delaying glucose
absorption (Asano, 2003; Mitrakou et al., 1998; Kimura
et al., 2004; Park et al., 2008). Accordingly, this study was con-

ducted to evaluate the anti-colorectal carcinoma activities of
silver nanoparticles conjugated with C. sativa aqueous extract
by investigating cellular molecular approaches. On the other

hand, we examined the antioxidant, antidiabetic potential of
nanoparticles.

2. Experimental

2.1. Material

Phosphate buffer solution (PBS), Sabouraud Dextrose Agar,
Sabouraud Dextrose Medium, Muller Hinton Agar, Mueller
Hinton Medium, carbazole reagent, 4-(Dimethylamino)

benzaldehyde, Dulbecco’s Modified Eagle Medium (DMED),
Ehrlich solution, dimethyl sulfoxide (DMSO), hydrolysate,
decamplmaneh fetal bovine serum, borax-sulphuric acid mix-

ture, 2,2-diphenyl-1-picrylhydrazyl (DPPH), and antimycotic
antibiotic solution all were achieved from Sigma-Aldrich com-
pany of USA.
2.2. Synthesis of AgNPs

To obtain the aqueous extract of the plant (Fig. 1), 100 gr of

the dried branches of the C. sativa leaves were poured in a con-
tainer containing 1000 mL boiled water, and the container lid
was tightly closed for 4 h. Then, the container’s content was fil-

tered, and the remaining liquid was placed on a bain-marie to
evaporate. Finally, a tar-like material was obtained, which was
powdered by a freeze dryer (Sankar et al., 2014).

Green synthesis of AgNPs was performed by a reaction

mixture of 100 mL of AgNO3 at a concentration of 1 � 10–
3 M and a 200 mL reaction mixture of an aqueous extract solu-
tion of 1 ratio of C. sativa leaf (20 mg/mL): in 10 conical flasks.

The reaction mixture was kept under magnetic stirring for 12 h
at room temperature. At the end of the reaction period, a black
colored colloidal solution of Ag formed (Sankar et al., 2014).

Common techniques of organic chemistry, namely FT-IR
and UV–Vis, to analyze AgNPs, spectroscopy, FE-SEM and
TEM were used. The morphological properties of AgNPs in
terms of shape and size were analyzed by FE-SEM and

TEM microscopic techniques. Also, AgNPs were primarily
verified using UV–Vis spectroscopy in a scanning range from
200 to 800 nm wavelength (Jasco V670 Spectrophotometer).

2.3. Assessment of cell toxicity of AgNPs

The cytotoxicity and anti-colorectal carcinoma effects of the

AgNO3, C. sativa and AgNPs was evaluated using MTT assay
on normal (HUVEC) and colorectal carcinoma (WiDr,
SW1417 [SW-1417], DLD-1, LS123, ATRFLOX [Mutatect],

and Caco-2) cell lines.
At the beginning of the study, 15 mL of RPMI 1640 med-

ium containing 10% FSC (10 mg/ml penicillin and 100 mg/ml
streptomycin) in a culture flask, placed in a CO2 incubator for

2 h to equilibrate the medium. Under safe conditions (using
insulated gloves and goggles) the frozen cell vial was removed
from the nitrogen storage tank. To avoid the possibility of

explosion of the vial (due to the possible entry of liquid
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nitrogen into the vial), loosen the lid, after disinfecting the
outer surface of the vial with 70% alcohol, under the hood
to remove nitrogen gas. Close the vial lid again and immedi-

ately melt it in a pan at 37 �C. The melting process should
be completed in about 1 min and the cells should be avoided
from overheating. The medium was added dropwise to the vial

and then its contents were taken out and centrifuged with the
medium in 15 cc sterile test tubes. After centrifugation, the
supernatant was removed and the cells were suspended again

in the medium and transferred to a pre-prepared flask contain-
ing the medium and FBS and incubated (Arulmozhi et al.,
2013).

Cell line used in RPMI 1640 medium containing penicillin

(100 IU/ML), streptomycin (100 IU/ML), glutamine (2 mmol)
and 10% fetal bovine serum (FBS). They were incubated at
37 �C and in an atmosphere containing 0.5 CO2. Cells began

to grow in 75 cm2 T-flasks in 15 mL medium with an initial
number of 1–2 � 106 cells. After three days and covering the
flask bed with the cell, the adhesive layer to the bottom of

the flask was separated enzymatically using trypsin-verson
and transferred to a sterile test tube for 10 min at 1200 rpm.
The cells were then suspended in a fresh culture medium with

the help of a Pasteur pipette and the suspension was poured
into 100-well plate flat wells (for cell culture) using an 8-
channel sampler of 100 ll. One column of wells was kept
cell-free and as a plank containing only culture medium. In

another column, it was considered to contain culture medium
and healthy cells and in other columns, it was considered to
contain culture medium and cell line cells. One of these col-

umns, which contained culture medium and cells and did not
contain AgNO3, C. sativa and AgNPs, was considered as a
control (Arulmozhi et al., 2013).

The plates were incubated in the incubator for 24 h to
return the cells to normal from the stress of trypsinization.
After this time, suitable dilutions of the prepared AgNO3, C.

sativa and AgNPs (0–1000 ml/ml) and 100 ll of each dilution
were added columnar to the plate wells (Thus, the final concen-
tration of the studied compound in the wells was halved.
Therefore, the concentrations were prepared twice as much

to reach the final concentration after being added to the well).
The cells were incubated for 37 h at 37 �C and 5% CO2 in the
atmosphere. After 72 h, 20 ll of MTT solution (5 mg/ml) was

added to each well. The plates were incubated for 3 to 4 h and
then the residue was removed and 100 ll of DMSO was added
to each well to dissolve the resulting formazan. After 10 min,

using shaking the plates, the optical absorption of Formazan
at 570 nm was read using a plate reader. Wells containing cells
without AgNO3, C. sativa and AgNPs were considered as con-
trol and the optical density of wells without cells and only cul-

ture medium were considered as blank. The percentage of cell
viability was calculated using the following formula
(Arulmozhi et al., 2013):

Cell viability ð%Þ ¼ Sample A:

Control A:
� 100

The closer is the obtained value to the IC50 of AgNO3, C.
sativa and AgNPs, the stronger is the cell viability activity of

the material. The graph of the IC50 of the AgNO3, C. sativa
and AgNPs was produced by drawing the percent inhibition
curve versus the AgNO3, C. sativa and AgNPs concentration.
First, three stock samples with variable concentrations (0–10
00 mg/mL) of AgNO3, C. sativa and AgNPs were prepared.
Then, a serial dilution was prepared from each sample, and

IC50 of the above samples was measured separately, following
which their mean was calculated (Arulmozhi et al., 2013).

2.4. Measurement of the antioxidant potential of AgNPs by
DPPH

The DPPH method is a common method for assessing the

antioxidant activity of plant species and metallic nanoparticles.
It is based on trapping the free radicals of the material, called
DPPH, using antioxidant agents that reduce the absorption

rate at 517 nm wavelength. When the DPPH solution is mixed
with a material that can donate hydrogen atom, radical resus-
citation is formed, followed by color reduction. This reaction
eliminates the purple color, whose index forms an absorption

band at 517 nm (Sanchez-Moreno et al., 1998).
To determine the radical scavenging activity of the AgNO3,

C. sativa and AgNPs, 1 mL of 50 mm DPPH was combined

with 1 mL of variable concentrations (0–1000 mg/mL) of
AgNO3, C. sativa and AgNPs. Then, they were transferred
to the 37 �C for 1 h. The samples absorption rate was deter-

mined at 517 nm by a spectrophotometer, and the antioxidant
activity was calculated by the below formula (Sanchez-Moreno
et al., 1998):

%inhibition ¼ Ablank � Asample

� �
=Ablank

� �� 100

The blank sample contained 1 mL methanol and 1 mL
AgNO3, C. sativa and AgNPs, and a sample of 1 mL DPPH
(Sanchez-Moreno et al., 1998).

Calculation of half-maximal inhibitory concentration
(IC50) is a suitable method for comparing the activity of phar-
maceutical materials. In this method, the measurement and

comparison criterion is the concentration in which 50% of
the final activity of the drug occurs. In this experiment, the
IC50 of various repeats is estimated and compared with the

IC50 of BHT, which is introduced as the antioxidant activity
index. The closer is the obtained value to the IC50 of BHT,
the stronger is the antioxidant activity of the material. The

graph of the IC50 of the AgNO3, C. sativa and AgNPs was
produced by drawing the percent inhibition curve versus the
AgNO3, C. sativa and AgNPs concentration. First, three stock
samples with variable concentrations (0–1000 mg/mL) of

AgNO3, C. sativa and AgNPs were prepared. Then, a serial
dilution was prepared from each sample, and IC50 of the
above samples was measured separately, following which their

mean was calculated. BHT, with different concentrations, was
considered positive control. All experiments were performed in
triplicate (Sanchez-Moreno et al., 1998).

2.5. Enzymes studies

The inhibitory method of these complexes on a-glycosidase
enzyme was carried out using the p-nitrophenyl-D-
glycopyranoside substrate conforming to the analysis of Tao
et al. (Tao et al., 2013). They were determined according to
former studies (Hakamata et al., 2009; Wolffenbuttel, 1993;

de Melo, 2006; Huseynova et al., 2019).



Fig. 2 TEM image of AgNPs.
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3. Results and discussion

3.1. Chemical characterization of AgNPs

Today, scanning electron microscopy is used not only in mate-
rials science, chemistry and physics, but also in many fields

such as medical and biological sciences. The high resolution
of SEM makes it one of the most-powerful and comprehensive
tools for examining and analyzing a wide range of microstruc-

ture characteristics of samples at the nanometer to micrometer
scale. Using the above technique, we can determine how the
particles are placed from each other, their morphology and size
(Hassan et al., 2018; Lu et al., 2021; Tian et al., 2010).

The FE-SEM image of silver nanoparticles mediated by C.
sativa is shown in Fig. 1. AgNPs appeared as an agglomerated
structure. Hydroxyl groups found in C. sativa may be respon-

sible for agglomeration (Hassan et al., 2018). A similar obser-
vation, Ria et al. (2018) (Hassan et al., 2018).

One of the things that play a key role in the study of

nanoparticles is determining their size. Transmission Electron
Microscopy (TEM) is one of the most effective methods in
determining particle size, which can provide us with useful
quantitative and qualitative information (Sankar et al.,

2014). The TEM test is a method that allows direct imaging
of particles up to the size of an atom, and this advantage of
direct imaging must be considered when working with a micro-

scope. Appropriate qualitative analysis of nanoparticles
requires optimization of different imaging methods, magnifica-
tion and manual or automatic analysis methods whose pur-

pose is to optimize the image sharpness and contrast
between the sample particles and the appropriate number of
particles in each image, while minimizing damage to the sam-

ple (Hassan et al., 2018; Lu et al., 2021; Tian et al., 2010). At
lower image magnifications, it is possible to study the particle
distribution, however, at high magnifications, a large number
of particles are not observed and only information about the

orientation of the plates and the structure is provided. In addi-
tion, at high magnification, high electron current causes insta-
bility and damage to the structure under study (Hassan et al.,

2018; Lu et al., 2021).
In the recent study, the average size of the nanoparticles

(11.5 nm) calculated through TEM images (Fig. 8). Further-

more, the histogram plot from the TEM image showed the
particle size distribution of biosynthesized silver nanoparticles
ranges of 8–15 nm.

In previous studies, the dimensions of silver nanoparticles

formulated with an aqueous extract of medicinal plants were
calculated in the spherical form in the range of 10–50 nm
(Sankar et al., 2014). These reports support the results of the

current study (see Fig. 2).
The method of FT-IR spectroscopy is used for detecting

unknown substances, determining the quality or uniformity

of the sample, determining the amount of ingredients in a mix-
ture, identify mixtures of organic and inorganic compounds
provided they are both solid or liquid, thin layer analysis, anal-

ysis of adhesives, coatings and adhesive enhancers or binders,
identification of polymers and polymer mixtures, analysis of
solvents, cleaners and detergents unknown, percentage of
decomposition or non-polymerization of polymers and paints

due to heat, UV or other factors, determination of the degree
of crystallization in polymers, and analysis of resins, composite
materials and metal nanoparticles (Lu et al., 2021; Tian et al.,
2010).

In this study, AgNPs formation confirms that Ag-O
belongs to the flexural vibration with a peak at 498 cm�1

(Fig. 3). The IR spectroscopic method is also an adequate
way to recognize bioactive ingredients in natural products.
Thus, the technique is a useful method to recognize secondary

metabolites of plants on AgNPs. According to the results, dif-
ferent IR bands related to the presence of various functional
groups in C. sativa extract. For example, a band at

2370 cm�1 related to aliphatic CAH stretch; Peaks at
3436 cm�1 related to the OAH stretch (for alcohols, carboxylic
acids and phenols); Peaks at 1018, 1100 and 1255 cm�1 can be

attributed to the ACAO and ACAOAC stretch, and peaks at
1483, 1622 and 1697 cm�1 correspond to C‚C and C‚O phe-
nolic and flavonoid stretching found in compounds (Lu et al.,
2021; Tian et al., 2010).

UV–Visible spectroscopy is one of the techniques used in
experimental sciences to obtain scientific and practical infor-
mation, using the interaction of light and matter. This means

that light is used in the visible and adjacent area NIRR.
Absorption or reflection in the visible range directly affects
the perceived rank of the chemicals involved. In this range of

electromagnetic spectra are molecules under electron transfer
(Hassan et al., 2018). In spectroscopy, a beam of light (beam)
is shone on the material and receives information by examining
the reflected or absorbed light or emission. The electromag-

netic spectrum contains a range of wavelengths. Each region
of this spectrum has a special name, such as infrared, far-
infrared, near-infrared, and X-rays. The range of 400–

800 nm is called the visible range and 200–400 nm is called
the ultraviolet range. UV–Visible spectroscopy studies this
area (Lu et al., 2021; Tian et al., 2010).

Fig. 4 shows an absorption band at 425 nm for the surface
plasmon resonance of AgNPs. We can also find that by
increasing the amount of C. sativa extract solution, the density

of the SPR band increases. Using a higher concentration of C.
sativa extract indicates that the average AgNP size decreased
and the AgNP concentration increased.



Fig. 3 FT-IR spectra of biosynthesized AgNPs.

Fig. 4 UV–Vis spectra of biosynthesized AgNPs.
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3.2. Cytotoxicity and anticancer potentials of AgNPs

The MTT assay is a procedure of colorimetric based on reduc-
ing and breaking of yellow tetrazolium crystals by the enzyme
succinate dehydrogenase to form insoluble purple crystals. In
this method, unlike other methods, the steps of washing and

collecting cells, which often cause the loss of a number of cells
and increase the work error, have been eliminated and all test
steps from the beginning of cell culture to reading the results

with a photometer are performed on a microplate, so the
repeatability, accuracy and sensitivity of the test are high
(Sankar et al., 2014; Baghayeri et al., 2018). If the test is per-
formed on cells attached to the plate, an appropriate number
of cells (about 2000 cells) must first be cultured in each of

the wells. Then we select the control and test wells and add
the appropriate amount of mitogen or drug to the test wells
and place the plate in the incubator for the required time so

that the desired substance affects the cells (Abdel-Fattah and
Ali, 2018). At the end of the incubation time, discard the
supernatant and add 200 ll of culture medium containing half
an mg/ml of MTT solution to each well and put it again in a

carbon dioxide incubator for 2 to 4 h at 37 �C. During incuba-



Fig. 6 Percent viability measured on colorectal carcinoma cell

lines including WiDr (A) and SW1417 [SW-1417] (B) after

treatment with present AgNO3, C. sativa, and AgNPs.
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tion, MTT is regenerated by one of the enzymes of the mito-
chondrial respiratory cycle i.e., succinate dehydrogenase. The
regeneration and breakage of this ring produce purple-blue

crystals of formazan that are easily detectable under a micro-
scope (Baghayeri et al., 2018; Abdel-Fattah and Ali, 2018;
Ibraheem et al., 2019). At the end, the optical absorption of

the resulting solution can be read at 570 nm and the cells num-
ber can be calculated using a standard curve. For each cell line,
there is a linear relationship between the number of cells and

the light absorption of the final solution. Therefore, to exam-
ine each cell type, a standard curve related to the same cell line
must be drawn and used (Arulmozhi et al., 2013).

In the recent study, treated cells with various concentra-

tions of AgNO3, C. sativa and AgNPs were examined for cyto-
toxicity on normal (HUVEC) and colorectal carcinoma
(WiDr, SW1417 [SW-1417], DLD-1, LS123, ATRFLOX

[Mutatect], and Caco-2) cell lines by 48 h MTT assay (Figs. 5–
8). The absorbance rate was determined at 570 nm, which
showed exceptional viability for AgNO3, C. sativa and AgNPs

even up to 1000 lg/mL in the normal cell line (HUVEC).
In the case of colorectal carcinoma cell lines their viability

decreased in a dose-dependent manner in the presence of

AgNO3, C. sativa and AgNPs. The IC50 of C. sativa and
AgNPs were 603 and 379 mg/mL against the WiDr cell line,
respectively; were 500 and 285 mg/mL against the SW1417
[SW-1417] cell line, respectively; were 649 and 377 mg/mL

against the DLD-1 cell line, respectively; were 634 and
350 mg/mL against the LS123 cell line, respectively; were 596
and 241 mg/mL against the ATRFLOX [Mutatect] cell line,

respectively; and were 539 and 296 mg/mL against the Caco-
2 cell line, respectively. The best result of the cytotoxicity char-
acteristic of AgNPs against the above cell lines was seen in the

case of ATRFLOX [Mutatect] cell line.
In several studies, agreement with our experiment has

shown the excellent anticancer potential of biosynthesized

AgNPs using Piper longum leaf extracts against cervical cell
lines (HeLa) (Suman et al., 2013) and Morinda citrifolia
against liver cancer cell line (Hep-2) (Vivek et al., 2012; You
et al., 2012).

It was found that the anticancer of silver nanoparticles is
highly dependent on a number of factors related to their phys-
ical properties such as surface coating, shape and size.

It has been reported that small sized silver nanoparticles
can transfer and remove the cell membrane of tumor cells.
Fig. 5 Percent viability measured on HUVEC after treatment

with present AgNO3, C. sativa, and AgNPs.
At a larger size, the above capability is significantly limited
(Namvar et al., 2014). As shown in Figs. 7 and 8 of our study,
silver nanoparticles had a uniform spherical morphology in the

8–15 nm range. The size of silver nanoparticles below 50 nm is
well suited for killing tumor cell lines (Namvar et al., 2014).

3.3. Antioxidant potential of AgNPs

Free radicals are molecules that do not have a complete elec-
tron shell, which increases the chemical reaction relative to
others. Free radicals are formed if you are exposed to tobacco

smoke and radiation. In humans, the most important free rad-
ical is oxygen. When an oxygen molecule (O2) is exposed to
radiation, it removes an electron from the other molecules,

destroying DNA and other molecules (Abdel-Fattah and Ali,
2018; Ibraheem et al., 2019; Rameshthangam and Chitra,
2018). Some of these changes cause disease. Problems such

as heart problems, muscle failure, diabetes and cancer are all
caused by these free radicals. Antioxidants act like a broom
against free radicals, destroying free radicals and regenerating
damaged cells. Laboratory evidence has shown that antioxi-

dants can prevent cancer (Sankar et al., 2014; Baghayeri
et al., 2018).

Plants have excellent antioxidant capacity. One way to

increase the antioxidant capacity of plants is to combine them
with metallic salts. In previous studies, it was revealed that
their antioxidant activities were significantly increased when

plants were combined with zinc, copper, silver, titanium, iron,
and gold (Matthaus, 2002).



Fig. 7 Percent viability measured on colorectal carcinoma cell

lines including DLD-1 (A) and LS123 (B) after treatment with

present AgNO3, C. sativa, and AgNPs.

Fig. 8 Percent viability measured on colorectal carcinoma cell

lines including ATRFLOX [Mutatect] (A) and Caco-2 (B) after

treatment with present AgNO3, C. sativa, and AgNPs.

Fig. 9 Antioxidant potential of AgNO3, C. sativa, AgNPs, and

BHT.
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In our study, C. sativa extract and AgNPs similar to BHT
showed a remarkable concentration-dependent DPPH radical

scavenging effect (Ibraheem et al., 2019). IC50 values of C.
sativa, BHT and AgNPs were 339, 301, and 218 lg/mL, respec-
tively (Fig. 9).

Previous work determined that C. sativa is rich in antioxi-

dant compounds such as oleic acid, stearidonic acid, a-
linolenic acid,-tocopherol, palmiticstearic acid, and linoleic
acid (Matthaus, 2002; Ishino and Wakita, 2010; Lozano,

2001).
Oxidation from reactive oxygen species can cause cell mem-

brane disintegration, damage to membrane proteins, and

DNA mutation that the result is the onset or exacerbation of
many diseases such as cancer, liver damage, and cardiovascu-
lar disease. Although the body has a defense system, constant

exposure to chemicals and contaminants can lead to an
increase in the number of free radicals outside the body’s
defense capacity and irreversible oxidative damage (Katata-
Seru et al., 2018; Sangami and Manu, 2017; Beheshtkhoo

et al., 2018). Therefore, antioxidants with the property of
removing free radicals play an important role in the prevention
or treatment of oxidation-related diseases or free radicals.

Extensive molecular cell research on cancer cells has developed
a targeted approach to the biochemical prevention of cancers
that the goal is to stop or return cells to their pre-cancerous

state without any toxic doses through nutrients and drugs
(Katata-Seru et al., 2018; Radini et al., 2018). Numerous stud-
ies have been performed on using natural compounds as anti-
cancer agents in relation to appropriate antioxidant activity

(Radini et al., 2018; Oganesvan et al., 1991; Ramyadevi
et al., 2012). It seems the high anti-lung adenocarcinoma prop-
erties of C. sativa and silver nanoparticles are related to its

antioxidant activities.

3.4. Enzymes results

3.4.1. a-Glycosidase inhibition results

For the enzyme glycosidase, the IC50 values of the new silver

nanoparticles are 32.31 and 85.35 micromolar and Ki values
39.43 ± 7.31 and 125.30 + 12.64 micromolar (Table 1). The
results documented that all these new compounds demonstrate
the inhibitory effects of a-glycosidase acarbose (IC50:



Table 1 Inhibition results of important enzyme (IC50 ve Ki

values).

AgNO3 Enzyme a-Gly (mM)

IC50 85.35

Ki + std 125.30 + 12.64

AgNPs IC50 32.31

Ki + std 39.43 ± 7.31

Standard (Acarbose) IC50 133.34

Ki + std 153.23 ± 13.08

Novel green synthesis, chemical characterization, toxicity, colorectal carcinoma, antioxidant, anti-diabetic 9
133.34 micromolar) as a standard glycosidase inhibitor. In
fact, the most effective Ki of AgNPs was 39.43 micromolar,

respectively. For A-glycosidase, IC50 values of ACR as posi-
tive control and the following order for some novel com-
pounds: AgNPs (32.31 micromolar) < AgNO3 (85.

35 micromolar) < ACR (133.34 micromolar). a-Glycosidase
inhibitors can delay carbohydrate digestion and extend overall
carbohydrate digestion time, thus helping to lower post-meal

blood sugar levels. These inhibitors such as acarbose, vogomi-
bose, and miglitol have been used in the clinical setting as first-
line treatments for type 2 diabetes. Unfortunately, these treat-
ments can cause side effects such as diarrhea, bloating, and

abdominal pain. Therefore, the discovery of safe and effective
enzyme inhibitors is required for effective control of diabetic
disorders. (Saludes et al., 2007; Seo et al., 2005).

4. Conclusion

In the last research, the collected Cannabis sativa L leaf was

applied for the biosynthesis of silver nanoparticles. After the
silver nanoparticles are synthesized, FE-SEM, TEM, UV vis.
And it was characterized by FT-IR. In cellular models of this

experiment, silver nanoparticles revealed significant anti-
colorectal carcinoma activities against colorectal carcinoma
cell lines. In vivo and clinical trials are recommended to con-

firm the above effects in humans. We also investigated the inhi-
bitory activity of silver nanoparticles against a-glucosidase. As
a result of this work, the new silver nanoparticles showed
micromolar levels of inhibition against these enzymes. The

newly synthesized nanoparticles were good inhibitors for the
a-glucosidase enzyme.
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