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Salvia officinalis-based green-mediated vanadium nanoparticles:

Describing a modern chemotherapeutic drug for the treatment of

colorectal carcinoma

Ruimin Xu1

1Hainan Medical University

November 16, 2022

Abstract

In this study, vanadium nanoparticles were green synthesized using the aqueous extract of Salvia officinalis. Different techniques

such as FE-SEM, XRD, FT-IR, and EDS analysis were used to characterize VNPs@Salvia officinalis. A 25.6 nm was obtained

for the crystal size of the vanadium nanoparticles using XRD analysis. The FE-SEM images show a spherical morphology

for VNPs@Salvia officinalis with the range size of 11.28 to 40.74 for the synthetic nanoparticles. In the antioxidant test, the

IC50 of VNPs@Salvia officinalis and BHT against DPPH free radicals were 300 and 265 μg/mL, respectively. For anticancer

activity evaluation the treated cells with VNPs@Salvia officinalis were assessed by MTT assay for 48h about the cytotoxicity

and anti-colorectal cancer properties on normal (HUVEC) and colorectal cancer cell lines i.e., Caco-2, COLO 320, DLD-1,

HCT-15, HCT-116, and HT-29. The IC50 of VNPs@Salvia officinalis were 213, 210, 297, 204, 160, and 125 μg/mL against

Caco-2, COLO 320, DLD-1, HCT-15, HCT-116, and HT-29 cell lines, respectively. The viability of malignant colorectal cell

lines reduced dose-dependently in the presence of VNPs@Salvia officinalis. It appears that the anti-colorectal cancer effect of

VNPs@Salvia officinalis is due to their antioxidant effects.

1. Introduction

Herbal medicines are more important in preventing all types of cancer due to the presence of fewer side
effects than chemical medicines. For this purpose, extensive studies have been conducted on various plants
and their cytotoxicity and anticancer effects have been investigated and evaluated [1-3]. In this regard,
measuring cell survival and proliferation seems to be important in determining the effect of anticancer drugs
on cells; In this regard, several methods have been standardized. Salvia officinalis is a flowering plant,
sedum, dicotyledons with continuous petals, a shrub with woody and stable roots, 30 to 60 cm high, simple
leaves [4-7]. This plant is native to the Middle East and Mediterranean regions, which has become common
all over the world today. Due to its properties and unique taste, this plant is used in many foods and as
an infusion [5,6]. In the traditional medicine of Asia and Latin America, Salvia officinalis is used to treat a
variety of disorders such as seizures, wounds, inflammation and diarrhea, and in Europe to treat age-related
cognitive disorders [7-9]. Salvia officinalis improves Alzheimer’s and lowers blood sugar. In recent years,
many studies have been conducted to find new biological effects for Salvia officinalis . These studies show a
wide range of medicinal activities including antioxidant, anti-inflammatory, anti-cancer and analgesic effects
[6-8]. The chemical components in the aqueous and hydroalcoholic extracts of this plant, such as cineole,
penine, flavonoids, especially rosmarinic acid, saponins, vitamins E and C, etc., are responsible for these
biological effects [3-6]. There is evidence that shows that rosmarinic acid, one of the compounds ofSalvia
officinalis , can suppress tumor development in several organs of the body, including colon, breast, liver,
abdomen, as well as melanoma and leukemia cells. This substance can also increase the activity of catalase,
superoxide dismutase and glutathione peroxidase enzymes [6-9].
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Nanotechnology has grown rapidly in the manufacturing and production of nanoparticles with varied sizes,
shapes and distribution [9,10]. Although physical and chemical methods may have known and successful
pure production, they are generally hazardous to the environment, time-consuming, and expensive [10-12].
Therefore, considering the nanoparticle production environmental aspects, the use of plant biomass, plant
extracts, plant oils and microorganisms can be a main alternative to the chemical and physical ways [10-13].
The biological production of nanoparticles greatly lowers the risk of danger to the environment and humans.
The nanoparticle synthesis by biological materials has become the interest of researchers because of their
new physical and chemical characteristics and their uses in several medical sciences, optics, electronics and
mechanics [13-16]. Using physical ways needs high pressure and temperature as well as high cost. Also, in
many chemical ways, chemicals are dangerous and toxic not only for the environment but also for biological
systems [11-13]. The products of the chemical methods are so toxic. So, the need for a suitable way with low
price, high efficiency, without environmental damage and toxic substances production is increasing [12-15].
Biological production is one of the ways of solving the above cases and attention to this way of producing
nanoparticles is increasing. There is a big list of resources that are used in the metal nanoparticle biological
production [13-16]. Things like microorganisms such as bacteria, actinomycetes, fungi and algae as well as
plants and plant extracts are applied in the nanoparticle biological production [16-19]. The use of plants
due to their compatibility with the environment and abundance are usually prioritized [17-21]. Also, due to
their lack of need for special nutrients and conditions for growth, plants are considered the best option for
the nanoparticle production by the biological method [19-21].

In the recent study, we investigated the vanadium nanoparticles green-synthesized by Salvia officinalis in
the cytotoxicity studies against common human colorectal cancer cell lines i.e., Caco-2, COLO 320, DLD-1,
HCT-15, HCT-116, and HT-29.

2. Methods and Materials

2.1. Preparation and extraction of aqueous extract

To prepare the aqueous extract of Salvia officinalis , 6 g of the dried part of the mill was poured into 150
ml of boiling water and boiled for ten minutes. Then the extract was allowed to cool down gradually. After
complete cooling, the resulting extract was clarified by a high-speed centrifuge (20,000 rpm) for 15 minutes.
The resulting sample was wrapped in aluminum foil and kept in the refrigerator.

2.2. Green synthesis and chemical characterization of VNPs@Salvia officinalis

VNPs@Salvia officinalis was green synthesized according to a reported procedure [21]. Briefly, a 50 mL of
the plant extract (5 mg /10 mL of deionized water) was added to 50 mL of sodium metavenadatein at the
concentration of 0.02 M. Then, the reaction mixture was stirred at room temperature 100 minutes. After
the time, a yellow-orange precipitate was formed. Deionized water was used to wash the residue for three
times and centrifuged interval at 10000 RPM for 15 minutes. The vanadium nanoparticles were put under
a hood to dry.

2.3. DPPH Assay Protocol

In the recent experiment, 1ml of DPPH methanol solution was added to 1ml of concentrate to 3 ml of
nanoparticles and the resulting mixture was stirred vigorously. The test tubes were placed in a dark place
for 30 minutes. After this period, the absorbance at the wavelength of 517 nm was read. It should be
noted that in the control sample, the nanoparticles was replaced with 3 ml of methanol. Finally, the DPPH
radical’s inhibition percentage was calculated with this formula [22,23]:

Inhibition (%) =
Sample A.

Control A.
x100

2.4. MTT test protocol

2
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The Caco-2, COLO 320, DLD-1, HCT-15, HCT-116, and HT-29 colorectal cancer cells in DMEM culture
medium (Gibco, USA) with 10% FBS (Gibco, USA) and penicillin/streptomycin (100 μL/100 μg/ml) in an
incubator containing 5 % Carbon dioxide with 90% humidity was stored at 37 °C.

Cancer cell lines were placed in 1640-RPMI medium from GiBco manufacturer and were cultured after
adding 10% bovine serum, 1% streptomycin and penicillin antibiotics and 2% glutamine. At this stage, the
cell culture flasks were kept in an incubator with 5% CO2 and 95% humidity at a temperature of 37°C,
and the culture medium was replaced every three days. In this step, flasks with 80% cell density were used
(flasks filled with cells up to 80% of the bottom). First, the culture medium was removed from the surface
of the cells and by adding 1 ml of trypsin for 3 minutes and then adding the same volume of medium to
neutralize the effect of trypsin, all the cells were separated from the flask bottom. This cell suspension was
centrifuged at 1200 rpm for 4 minutes. The liquid above the sediment was discarded and 1 ml of culture
medium was added to the sediment. By taking 10 μl of the cell suspension and adding the same amount of
trypan blue on the surface of the neobar slide, the number of living cells was counted. The number of 10,000
cells from this cell suspension was added to each well of 96-well plates and 180 μl of culture medium was
added to it. In the next step, 20 μl different concentrations of nanoparticles were added to the wells. In this
research, based on the conventional concentrations of nanoparticles at the 0-1000 μg/ml, they were added
to cancer cells. Another group of cells were tested as a control, without adding nanoparticles and only by
adding water instead of nanoparticles, and each experiment was done in four replicates. After 24, 48 and
72 hours, the medium on the cells was replaced with a new medium. Then 20 μl MTT solution was added
to each well and placed in a greenhouse for 4 hours in the dark in a CO2 incubator. During this time, the
mitochondrial succinate dehydrogenase enzyme of living cells changes the yellow MTT solution into purple
formazan crystals, which are insoluble in water. In the next step, 200 μl of DMSO (Dimethylsulfoxide) was
added to the empty medium and shaken for 20 minutes to dissolve the light-producing crystals. In the last
step, the absorbance was read with a wavelength of 492 and then 630 nm in an ELISA reader. Finally,
the percentage of cell viability was calculated after dividing the optical absorbance (OD) of treated cells
compared to control cells and multiplying by 100 (22,23).

The collected data were analyzed using SPSS ver22 statistical software and a one-way ANNOVA test. P
<0.01 was considered remarkable.

3. Results and Discussion

XRD analysis:

Figure 1 displays the XRD diffractogram of VNPs@Salvia officinalis . The pattern confirms the well crys-
tallizing of the synthesized NPs. The data are matched to the standard database of JCPDS no: 85–2422
for vanadium oxide. The signals at 2θ values of 25.18, 27.79, 44.99, 49.43, 66.67, and 70.43, are indexed as
(202), (103), (401), (205), (406), and (125) planes. A similar data has been reported for V2O5 previously
[24]. The Scherer’s equation was applied to calculate the crystal size of nanoparticles, that revealed 25.60
nm for the crystal size of VNPs@Salvia officinalis .
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Fig. 1. XRD Pattern of VNPs@Salvia officinalis

SEM analysis:

SEM analysis is a member of the scanning electron microscope family and is used to examine the surface
characteristics and morphology of different samples. In this method, electron beams with specific energy and
wavelength sweep the sample surface [25-27]. By the detector data that have collected the return sample
surface electrons, benefits data is obtained from the sample surface. It should be noted that image quality
and high resolution in the images have a direct relationship with the structure of the sample and the quality
of synthesis and the absence of contamination and unwanted particles, and samples with a specific structure
provide acceptable images [28-32].

Figure 2 presents the FE-SEM images of images VNPs@Salvia officinalis . According to the results, a
spherical shape is observed for the morphology of the synthetic NPs with the range size of 11.28 to 40.74
nm. The vanadium nanoparticles exhibit a propensity to aggregate that has been reported as a property
for green synthetic metallic NPs including vanadium and others such as titanium, silver, and nickel [24-27].
The reported size for the green synthesized vanadium is in a range of 10 to 100 nm in the literature [28-32].
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Fig. 2. FE-SEM images of VNPs@Salvia officinalis

FT-IR analysis:

Spectrophotometers are devices that determine the absorption or passage of special radiant energy wave-
lengths (light) from an analyte in a solution. Due to the difference in the number and arrangement of groups,
the double bonds of carbon atoms in each molecule absorb light at specific wavelengths with a specific spec-
trum pattern. According to the Beer-Lambert law, the light absorbed amount at this specific wavelength is
directly proportional to the chemical sample concentration [32].

In laboratories, a large part of the measurements is based on absorbance reactions. The activity of most
cholesterol, triglycerides, enzymes, lipoproteins, creatinine, urea, sugar and a wide range of analytes with re-
search and clinical applications, drugs and metabolites can be measured by spectrophotometry. Investigating
the molecular structure, identifying compounds, comparing structures and finding the maximum absorption
wavelength are other spectrophotometry applications in research problems [32].

Figure 3 shows the FT-IR spectrum of VNPs@Salvia officinalis . In the FT-IR results of metallic nanopar-
ticles the peaks in 400 to 700 cm-1 usually attributes to metal-oxygen bonds. Accordingly, for VNPs@Salvia
officinalis , the peaks at 462, 538, and 725 cm-1 can be assigned for V-O bond. Similar peaks with a little
difference in wavenumbers have been reported for green synthetic vanadium nanoparticles [32]. There are
many points of similarity between vanadium nanoparticles spectrum and that of plant extract. The peaks
at 3205 m-1 (of O-H), 1424 to 1665 cm-1 (C=C and C=O s), and 1120 cm-1(for the stretching vibration of
C-O), which belong to various functional groups, reveal the linkage of different organic compounds to the
surface of VNPs@Salvia officinalis . These compounds have been reported as Salvia officinalis secondary
metabolites previously [7-9].
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Fig. 3. FT-IR Spectrum of VNPs@Salvia officinalis .

EDS analysis :

Figure 4 exhibits the EDS diagram for VNPs@Salvia officinalis as a qualitative elemental analysis. The
signals at 0.52 Kev (VLα), 4.95 (VKα), and 5.43 (VKβ) approve the presences of vanadium in VNPs@Salvia
officinalis . The signals for vanadium nanoparticles have been recorded previously [30].

6
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Figure 4. EDS analysis of VNPs@Salvia officinalis

In this study, the scavenging capacity of VNPs@Salvia officinalisand BHT at different concentrations ex-
pressed as percentage inhibition has been indicated in Figure 5.

7



P
os

te
d

on
16

N
ov

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

85
74

82
.2

66
07

14
9/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Fig. 5. The antioxidant properties of VNPs@Salvia officinalis and BHT against DPPH.

In the process of apoptosis, dangerous, damaged, and unwanted cells are removed without damaging the
surrounding tissues or cells. Cancer cells escape from programmed death, one of the reasons for which is
the convert in the gene expression that is involved in the process regulation. Most anticancer agents exert
their remedial activities by inducing apoptosis [27-31]. Programmed death induction is a main important
method to kill tumor cells without complications. In recent research, by the MTT colorimetric method, it
was indicated that nanoparticles have a concentration-dependent lethal activity on tumor cells. In addition,
it was found that nanoparticles increased apoptosis in cancer cells. Today, the focus of cancer studies is the
search for anti-cancer agents with a higher safety factor and greater acceptability for patients. In addition,
nanoparticles can act synergistically or redundantly in combination with radiation therapy or chemotherapy
for anticancer activity [31-33]. With the advent of nanotechnology, the paradigm of drug delivery systems has
been developed, which can carry many drugs with chemical properties and actively target specific cells. Also,
it can pass through biological barriers and transfer its cargo to the target location without pharmaceutical
interventions. Today, the development of nanoparticles as effective drug carriers is at the center of attention.
In these effective carriers, the drug is at the center of attention [33-35]. In this study, nanoparticles were
used for cytotoxic purposes by the MTT method. One of the reasons that nanoparticles had a significant
effect on cancer cells is that this phenomenon is due to their direct effect on the cell’s respiratory system
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in the mitochondria. Therefore, due to the high level of mitochondrial activity in the respiration process of
cancer cells compared to normal cells, a suitable substrate is provided for nanoparticles to destroy cancer
cells. Another reason is the morphological differences between the membranes of cancer cells in terms of the
size of their pores [35-40]. Various researches have been conducted to investigate the cytotoxic activities of
nanoparticles on cancer cell lines [38-40]. The results of this study showed that metal nanoparticles in low
concentrations do not have significant cytotoxic effects, but in higher concentrations, they have significant
cytotoxic effects. The results of this research showed that the cytotoxicity of nanoparticles is dependent on
dose and time and suggested that this nanoparticle can have biomedical applications. In general, the results of
our study are consistent with other studies in the field of cytotoxicity of nanoparticles. Another mechanism
of cytotoxicity of nanoparticles is the toxic oxygen radical’s generation [38-41]. Another mechanism of
nanoparticles cytotoxicity is the toxic oxygen radicals (ROS) generation that disturb the cellular redox
balance, which is called oxidative stress. Oxidative stress destroys cellular antioxidant enzymes, destruction
of cellular DNA structure, oxidation of cellular proteins and membrane lipids, and finally cell death. One
of the important issues in the field of using metal nanoparticles in cancer treatment is the non-toxicity of
nanoparticles on normal cells [29-34]. Studies show that nanoparticles have a greater effect on cancer cell
lines, which is due to their direct effect on the cell’s respiratory system in the mitochondria. Therefore,
due to the high level of mitochondrial activity in the respiration process of cancer cells compared to normal
cells, a suitable platform is provided for nanoparticles to destroy cancer cells [24-28]. Another reason is the
morphological differences between the membrane of normal and cancer cells in terms of the difference in
the size of their pores. Also, the difference in the shape, size and surface charge of nanoparticles is another
factor in the difference in toxicity of nanoparticles between cancer and normal cells [28-31]. It is important
to identify the importance of the apoptotic genes expression pattern in response to the anticancer drugs
metastasis activity. Therefore, more investigations are necessary to prove that the mRNA expression profile
of this gene can be in response to treatment [27-31]. The results obtained from this study showed the
therapeutic use of nanoparticles in cancer cells. According to these reviews, clinical studies on human and
animal models are necessary to prove the effect of nanoparticles and also the effect of these nanoparticles on
healthy and normal cell lines. So, the nanoparticle’s use can be efficient in enhancing the expression of some
proliferative and apoptotic genes [32-36]. According to this study and previous research, it can be concluded
that nanoparticles have powerful anticancer effects on cancer cells and derivatives of this compound can be
used in the treatment of cancer. Therefore, if the clinical process of this nanoparticle is confirmed, these
nanoparticles can be used in clinical cases for cancer patients in the future.

In this study, the treated cells with different concentrations of the present VNPs@Salvia officinalis were
assessed by MTT assay for 48h about the cytotoxicity properties on normal (HUVEC) and colorectal malig-
nancy cell lines i.e. Caco-2, COLO 320, DLD-1, HCT-15, HCT-116, and HT-29. The absorbance rate was
evaluated at 570 nm, which represented viability on normal cell line (HUVEC) even up to 1000μg/mL for
VNPs@Salvia officinalis (Table 1 and Figures 6-9).

The viability of malignant colorectal cell lines reduced dose-dependently in the presence of VNPs@Salvia
officinalis . The IC50 of VNPs@Salvia officinalis were 213, 210, 297, 204, 160, and 125 μg/mL against
Caco-2, COLO 320, DLD-1, HCT-15, HCT-116, and HT-29 cell lines, respectively (Table 1 and Figures 6-9).
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Fig. 6. The anti-colorectal cancer properties of VNPs@Salvia officinalis against Caco-2 and COLO 320.

Fig. 7. The anti-colorectal cancer properties of VNPs@Salvia officinalis against DLD-1 and HCT-15.
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Fig. 8. The anti-colorectal cancer properties of VNPs@Salvia officinalis against HCT-116 and HT-29.
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Fig. 9. The cytotoxicity effects of VNPs@Salvia officinalis against normal (HUVEC) cell line.

Table 1. The IC50 of VNPs@Salvia officinalis in the anti-colorectal cancer test.

῞ΝΠσ῟Σαλvια οφφιςιναλις (μγ/μΛ)

IC50 against HUVEC -
IC50 against Caco-2 213±0c

IC50 against COLO 320 210±0c

IC50 against DLD-1 297±0d

IC50 against HCT-15 204±0c

IC50 against HCT-116 160±0b

IC50 against HT-29 125±0a

4. Conclusion

In Conclusion, the present study reports the green synthesis of vanadium nanoparticles using the aqueous
extract of Salvia officinalis as the reducing agent. The NPs has been characterized using FT-IR, XRD,
FE-SEM, and EDS techniques. The obtained results demonstrate a spherical morphology for the vanadium
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nanoparticles in a range size of 11.28 to 40.74 nm.

The viability of malignant cancer cell lines reduced dose-dependently in the presence of VNPs@Salvia offi-
cinalis . The VNPs@Salvia officinalis showed the best antioxidant activities against DPPH. So, the findings
of the recent research show that biologically synthesized VNPs@Salvia officinalis might be used to cure
colorectal cancer. In addition, the current study offer that VNPs@Salvia officinaliscould be a new potential
adjuvant chemopreventive and chemotherapeutic agent against cytotoxic cells.
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