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Abstract

Introduction: The spread of antibiotic-resistant pathogenic strains has led to growing
concerns in the world. One of the solutions to overcome this global problem is to
research natural compounds and find natural ones with antibacterial properties. In this
research, therefore, the antibacterial effects of calycosin on some important pathogens
were studied. Also, we studied the antitumor effects of calycosin on HT-29 cell line.

Materials and Methods: After preparation of calycosin, its antioxidant capacity was
measured. Then, the indicated strains were prepared from the microbiology department
of Tehran Medical University and were then cultured. The disk diffusion, microdilution
and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium (MTT) methods were
used for evaluating antibacterial activity, determining minimum inhibition concentration
(MIC), studying the antitumor effects of calycosin, respectively.

Results: Calycosin showed a strong antioxidant capacity and its ICs, for 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging was measured to be 120 pg/ml. The
study of the antibacterial effects of calycosin indicated that it was more effective on
gram-positive bacteria than gram-negative bacteria. The MIC of calycosin for pathogens
E. coli, Shigella dysenteriae, Salmonella typhimurium, Staphylococcus aureus and
Bacillus cereus was calculated to be 32, 32, 40, 26 and 28 pg/ml, respectively. To
determine the synergistic effects, a concentration of 1.2 MIC of calycosin was used
along with antibiotics; the results indicated the synergistic effects of antibiotics and
calycosin on the studied pathogens, except for Staphylococcus aureus. Calycosin
reduced HT-29 cell line viability at 2000pg/mL.

Conclusion: In general, it was concluded that calycosin has strong antibacterial activity
on the pathogens used, especially Gram-positive bacteria Staphylococcus aureus and
Bacillus cereus; besides, it has synergistic effects with antibiotics. In this field, in vivo
and clinical studies are needed.
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1. Introduction

ctive biological compounds in medicinal

plants have always been the focus of active

scientists in this field. In recent years, due

to the need for new therapeutic agents, this
interest has been growing dramatically [1]. Medicinal
plants are very useful and economical. They contain
active compounds that are used in the treatment of
many human diseases.
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The increasing use of Iranian traditional medicine
(ITM) in the treatment of various diseases has
attracted the attention of researchers [2]. One of the
plants that has been the focus of many studies in the
scientific field is the Astragali radix (AR) root [3],
which has a wide medicinal profile and has shown to
have anti-diabetic effects [4], liver protection [5], anti-
inflammatory [6], anti-cancer and neuroprotective [7]
effects. The main active ingredient in AR is calycosin
(CA), which is an isoflavonoid. In previous research,
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this compound has provided antitumor [8], antioxidant
[9], antiviral [10] and anti-ischemic [11] effects. Also,
CA has shown to have a neuroprotective effect. In a
recent study, this compound showed antibacterial
effects against Escherichia coli and Klebsiella
pneumoniae pathogens [12]. In the mentioned research
[12], CA showed synergistic effects with polymyxin B
in inhibiting bacteria. Hence, calycosin can be
considered as an antibacterial compound and its
potential against a variety of pathogens can be studied.

Ubiquitous bacterial pathogens cause a variety of
infections, including urinary tract infections,
nosocomial infections, wound infections, brain
abscesses, asthma, pneumonia, and skin diseases [13].
These infections can lead to fatal consequences if not
properly treated or remain untreated. Antibiotics are
used worldwide to treat a variety of bacterial
infections. However, bacteria have gradually become
resistant to these antibiotics. In addition, in recent
years, the misuse of antibiotics has necessitated the
rapid finding of antibacterial therapeutic agents [14].

The prescription of antibiotics has increased
drastically in recent years, and this has led to the
emergence of antibiotic-resistant pathogenic strains
[15]. In addition, antibiotics have several adverse
effects, including hypersensitivity, reduction of
beneficial intestinal flora, immunosuppression, and
allergic reactions [16]. In order to solve this problem,
medicinal plants and their natural compounds have
attracted the attention of researchers as an adjuvant
treatment in infectious diseases.

Colon cancer has been one of the most common
malignancies in recent years, with a high mortality rate
in patients [17]. Despite recent advances in the treatment
of this disease, colon cancer has not yet been completely
cured and more research is needed in this field. The
treatment of this cancer includes chemotherapy,
radiation therapy, and immunotherapy, causing many
side effects in patients and leading to a decrease in the
quality of life [18]. It seems that finding natural
compounds with antitumor properties is of great
importance [19]. The antitumor effects of CA have been
reported in malignancies such as osteosarcoma [20],
colorectal cancer [21], and breast cancer [22]. However,
there is a need to more meticulously examine the effect
of this compound on colon cancer.

Therefore, given that the resistance of pathogenic
bacteria to antibiotics has caused increasing concerns
in the health system of countries, the aim of the current
research was to evaluate the antibacterial effects of CA
on E. coli, Shigella dysenteriae, Salmonella
typhimurium, Staphylococcus aureus and Bacillus
cereus. Also, the anti-tumor effects of CA on HT-29
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cell line was investigated in the present study.
2. Materials and Methods

Preparation of calycosin

CA was purchased from Sigma (CAS# 20575-57-9)
and was then dissolved in DMSO to prepare
concentrations of 0, 12.5, 25, 50, 75, 100 and 200 pg/ml.

Measurement of antioxidant capacity

1 mL of the indicated concentrations was combined
with 1 mL of DPPH and brought to a concentration of
4000 pL using methanol. After vortexing the samples
and placing them in the dark, the absorbance was read
at a wavelength of 517 nm using a spectrophotometer.
DPPH free radical inhibition percentage was
calculated with the following formula:

| (%)=(Ao-As)/Ac*100

Where, Ao and As were the OD of control and
sample, respectively.

Antibacterial activity

E. coli (ATCC 1399), S. dysenteriae (ATCC1188), S.
typhimurium (ATCC1735), S. aureus (ATCC 1112)
and B. cereus (ATCC 1247) were obtained from the
Microbiology Department of Tehran University of
Medical Sciences. Disc diffusion method was used to
study the antibacterial effects of CA. For this purpose,
after culturing the bacteria in agarose broth medium
and forming a colony, a colony was selected from the
culture medium and placed on Mueller Hinton culture
medium. Then, 50 puL of the indicated concentrations
of CA were injected on the blank disks and after one
day, these disks were placed in Mueller Hinton culture
medium at equal intervals. Then, the plate was
incubated at 37°C for three days. Ciprofloxacin was
used as a control sample.

Minimum inhibition concentration (MIC)

MIC was performed based on the microdilution
method [23]. A colony of each of the studied bacteria
was cultured in LB medium and cultured for 24 hours
at 37°C. When the cultures entered the logarithmic
phase of growth, they were diluted to a concentration
of 108 CFU/mL. Different concentrations of CA were
added to the prepared bacterial dilution in a 96-well
plate containing 50 microliters of MHB medium.
Plates were incubated for 18 hours at 37°C, and then
50 microliters of TCC were added to observe the
growth of bacteria. The well that showed no color
change and concentration with the lowest value was
considered as MIC of CA.
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Minimum bactericidal concentration (MBC)

To determine MBC, 3 pL of each culture medium
was removed from each non-growing well and placed
on the surface of Mueller Hinton culture medium.
After 20 h of incubation at 36 °C, MBC was defined
visually as the lowest concentration at which no viable
cells grew on the plates.

The synergistic activity

The studied bacterial were cultured in BHI broth
medium at 37°C. Then, the disc of streptomycin,
polymyxin B, ciprofloxacin, and vancomycin
antibiotics (diameter 5 mm) was placed on the surface
and % MIC concentration of CA was added to
determine the synergistic effect between this
compound and antibiotics. Finally, they were
incubated at 37°C for one day. The zone inhibition
diameter was then determined by a ruler.

Anti-tumor activity of Calycosin

To investigate the antitumor activity of CA, first,
HT-29 cells were prepared and cultured in RPMI
medium. Then, MTT test was used. Briefly, 5 x 10*
HT-29 cells were cultured in 96-well plates and treated
with 5, 50, 500, 1000 and 2000 pg/ml calycosin and
20 pl of MTT solution were added. Finally, after 48 h
of incubation, the intensity of light absorption at 570
nm was measured.

Statistical analysis

GraphPadPrismv. 8 software was utilized for

100 =
80
60

40 =

Inhibition (%)
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analyzing data analyzing through graphs and
ANOVA. Tukey's test’<%% was used for comparing
significant differences.

3. Results

CA antioxidant activity

In the current study, the DPPH method was used to
determine the antioxidant potential of CA, and its
results are shown in Figure 1. The results indicated that
by increasing the concentration of CA, the percentage
of DPPH free radical inhibition increased. Also,
comparing the antioxidant activity of CA in different
concentrations showed that CA in low concentrations
leads to greater inhibition of DPPH free radical. The
ICso of CA was calculated at a concentration of 120
pg/ml. These results showed that CA has strong
antioxidant activity.

Antibacterial activity of CA

The results of the present study showed that
increasing the concentration of calycosin from 5 to 25
pg/ml increases the antibacterial activity against E.
coli, S. dysenteriae, S. typhimurium, S. aureus and B.
cereus. The highest inhibition of all bacteria was
observed at the concentration of 25 pg/ml CA. The
high growth inhibition rate of S. aureus was observed
at 25 pg/ml CA; the diameter of inhibition zone was
13 cm. However, S. dysenteriae and S. typhimurium
showed low sensitivity to CA. However, other bacteria
seem to be sensitive to this compound (Table 1).
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Figure 1. DPPH free radical inhibition percentage by different concentrations of calycosin and ascorbic acid as control

Table 1. Antibacterial activity of calycosin evaluated by disk diffusion method

CA (ug/mL) E. coli S. dysenteriae
5 - -
10 - -
15 4 -
20 7 3
25 11 7
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S. aureus B. cereus S. typhimurium
3 3 -
6 5 -
8 9 2
13 12 6
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Data are inhibition zone diameter (mm)
MIC and MBC

The MIC of CA against E. coli, S. dysenteriae, S.
typhimurium, S. aureus and B. cereus was calculated to
be 32, 32, 40, 26 and 28 ug/ml, respectively (Table 2).
Meanwhile, the MBC of CA for E. coli, S. dysenteriae,
S. typhimurium, S. aureus and B. cereus was calculated
to be 76, 72, 67, 65 and 83 pg/ml, respectively.
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The synergistic activity of CA with antibiotics

The synergistic effects between the polymyxin B and
vancomycin antibiotics along with CA were observed
in inhibiting the growth of E. coli. However, CA did
not have a synergistic effect on streptomycin and
ciprofloxacin antibiotics in inhibiting the growth of
this pathogen (Table 3).

Table 2. The MIC of calycosin against E. coli, S. dysenteriae, S. typhimurium, S. aureus and B. cereus

E. coli S. dysenteriae
CA (ug/mL) 32 32

CA (pg/mL) 76 72

S. aureus B. cereus S. typhimurium
26 28 40
67 65 83

Table 3. The synergistic effects of CA on streptomycin, polymyxin B, ciprofloxacin and vancomycin against E. coli, S.

dysenteriae, S. typhimurium, S. aureus and B. cereus

Pathogen Antibiotics

polymyxin B
streptomycin
ciprofloxacin
vancomycin
polymyxin B
streptomycin
ciprofloxacin
vancomycin
polymyxin B
streptomycin
ciprofloxacin
vancomycin
polymyxin B
streptomycin
ciprofloxacin
vancomycin
polymyxin B
streptomycin
ciprofloxacin
vancomycin
Data are inhibition zone diameter (mm)

E. coli

S. dysenteriae

S. typhimurium

S. aureus

B. cereus

The synergistic effects of CA on the ciprofloxacin
were observed in inhibiting the growth of S.
dysenteriae. However, CA did not show synergistic
effects on other antibiotics in reducing the growth of
this pathogen.

CA showed synergistic effects on polymyxin B,
streptomycin, ciprofloxacin and vancomycin in
inhibiting the growth of S. typhimurium. The most
synergistic effects of CA were seen on polymyxin B,
in the sense that the inhibition zone diameter under
antibiotic was 12 mm, and when it was combined with
calycosin, this value increased to 22 mm (Table 3).

Inhibition zone diameter Inhibition zone diameter

of antibiotics of antibiotics +CA

15 24
12 13
13 14
16 21
16 17
14 14
12 16
20 19
12 22
14 18
13 17
16 19
8 12
13 12
11 12
17 18
9 19
10 17
13 15
15 22

No synergistic effect was observed between the used
antibiotics and CA in inhibiting the growth of S.
aureus. However, CA has shown to inhibit B. cereus
strongly when wused in combination with the
polymyxin B, streptomycin, or vancomycin.

Anti-tumor activity of CA

As can be seen, the viability of cells decreased with
an increase in CA concentration and time. A decrease
in the viability of HT-29 cells was observed at a
concentration of 500 mg/ml and above in 24 hours, and
with the passage of time, the rate of cell viability

AAB, 2023; 14:E41056



Anti-bacterial and Anti-tumor Effects of Calycosin

decreased. The lowest viability of HT-29 cell line was
seen in 2000 pg/mL CA at 72 hours treatment (Figure

[
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2). Therefore, our results showed that CA had anti-
tumor effects on colon cancer cell line.
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Figure 2. The viability percentage of HT-29 cell line treated with the different concentrations (ng/mL) of calycosin. *,

**, *#** and **** showed significant differences

4. Discussion

CA has antioxidant activity and its 1Cso for DPPH
free radical scavenging was calculated as 120 pg/ml.
Also, CA inhibited E. coli, S. dysenteriae, S.
typhimurium, S. aureus and B. cereus. Nevertheless,
CA had strong effects on Gram-positive bacteria such
as S. aureus and B. cereus than Gram-negative ones.
Also, the synergistic effects of CA on the
streptomycin, polymyxin B, ciprofloxacin and
vancomycin antibiotics were also studied and
confirmed against the studied bacteria other than S.
aureus.

As mentioned, calycosin in the present study showed
antioxidant effects, which is similar to the findings of
other studies. For example, Wang et al., (2014)
showed that CA can inhibit DPPH free radicals by its
anti-oxidant capacity [24]. Similarly, Toukam et al.,
(2018) indicated that CA has antioxidant properties by
scavenging DPPH [25]. CA is the richest isoflavone
that is abundantly found in Astragali radix. This
molecule has attracted a lot of attention due to its
numerous medical functions [26]. CA is a member of
the 7-hydroxyisoflavone class that has hydroxy group
at the 3 and a methoxy group at the 4 positions. It acts
as a metabolite and an antioxidant. This compound
with its chemical properties can neutralize reactive
oxygen species (ROS) and prevent cell damage [27].

Antibiotic-resistant strains of bacteria have been
found in almost all human societies. This has
complicated the problems of treating infectious
diseases and limited the treatment options. Among
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the different antibiotics, Polymyxin B and Colistin
are considered for this category of antibiotic-
resistant infections [28]. MCR-1 is a plasmid-
mediated resistance gene that harbors resistance to
polymyxins. Therefore, a new strategy against
MCR-1-producing resistant bacteria by targeting
this resistance enzyme is needed. The results of the
present study showed that when polymyxin B
antibiotic is used together with calycosin,
synergistic effects are observed in inhibiting the
growth of E. coli, S. dysenteriae, S. typhimurium and
B. cereus. This finding is very important because CA
can help prevent resistance to antibiotics in these
bacteria. In a study, it was shown that calycosin
inhibits the growth of gram-negative bacteria
resistant to polymyxin B without affecting the
expression of MCR-1 protein indicating the
restoration of the bactericidal effect of this antibiotic
by calycosin [12]. This compound has broad
pharmacological effects such as antiviral, anti-
inflammatory and antioxidant effects [29]. In the
present study, it was shown for the first time that this
compound can inhibit the growth of E. coli, S.
dysenteriae, S. typhimurium, S. aureus and B. cereus
bacteria; this is one of the novelties of the current
research. However, more studies are needed to
understand the growth inhibition mechanisms of
these bacteria. The hydroxyl phenol functional
group is present in CA, and one of the possible
reasons for inhibiting the growth of bacteria in the
present study can be attributed to the presence of this
functional group. Also, the presence of the hydroxy
group at the 7 positions of CA can be one of the

I
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reasons for its bactericidal activity [30]. Studies
have shown that removing this functional group
from isoflavone leads to the loss of bactericidal
activity [30]. Therefore, there is a strong correlation
between the bactericidal structure-activity of
calycosin compound.

One of the important results of the current research is
confirming the synergistic effects of streptomycin,
ciprofloxacin and vancomycin antibiotics with
calycosin, which is being reported for the first time.
Finding natural compounds with antibacterial
properties and verifying their synergistic effects with
antibiotics is of great importance, because these
compounds can reduce the prescribed dose of
antibiotics in a variety of diseases and, therefore,
minimize the possibility of antibiotic resistance [31].
The World Health Organization has placed special
emphasis on finding natural compounds to replace
antibiotics; this research showed that CA has the
potential to be used therapeutically in infections
caused by E. coli, S. dysenteriae, S. typhimurium, S.
aureus and B. cereus along with antibiotics. However,
in vivo studies and clinical trials are needed to confirm
the effects of this compound.

We also studied the antitumor effects of calycosin
on HT-29 cells. The results indicated the antitumor
effects of this compound. Antitumor effects of CA
have been reported in some studies. The mechanism
of antitumor effects of this compound was attributed
to its effect on MAPK and PI3K/AKt pathways [22].
Also, downregulation of c-Met was reported as one
of the inhibitory mechanisms of calycosin in
glioblastomas [32]. Induction of apoptosis was
suggested as the main anti-tumor mechanism of CA
in colorectal cancer cell by regulation of ERB/miR-
17 signaling pathway [21]. Therefore, CA with
antitumor effects in a variety of malignancies can be
considered as an adjuvant cancer treatment option.
However, there is a need for clinical studies in this
field.

5. Conclusion

In general, it can be concluded that CA has strong
potential for antibacterial effects against E. coli, S.
dysenteriae, S. typhimurium, S. aureus and B. cereus
bacteria. These antibacterial effects become stronger
when combined with streptomycin, polymyxin B,
ciprofloxacin, and vancomycin antibiotics leading to
synergistic effects. Also, this compound showed anti-
tumor effects on HT-29 colon cancer cell line. The
current study confirms that calycosin has antibacterial
and antitumor effects. Nevertheless, clinical studies in
this field are warranted for application in clinical
conditions and infections.
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