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Abstract
Background and Objective: The SU84 was isolated from the rhizosphere of Curcuma longa and identified to be Streptomyces sp. via
analysis of its 16S rDNA sequence, chemotaxonomy and morphology. This study aimed to isolate major compounds from the extract
culture of strain SU84 and evaluate their antibacterial activity. Materials and Methods: The TLC and silica gel column chromatography
were  used  to  purify  major  compounds,  elucidate  1,3-dihydroxy-,2',2'-dimethylpyrano-(5,6)-xanthone  (compound  1)  and  lupeol
(compound 2) using mass spectrometry and nuclear magnetic resonance. One new chemical, compound 1, was first isolated from
microbial sources. Antibacterial, antioxidant and cytotoxic properties of these compounds were carried out. Results: Various bioassays
showed that compound 1 displayed antibacterial property against Gram-positive bacteria, with a minimum inhibitory concentration of
8-32 µg/mL and minimum bactericidal concentration of 32-128 µg/mL. In addition, the purified compounds were tested against normal
cell  lines  using  tetrazolium  assay.  The  results  did  not  show  cytotoxic  property  against  L929  and Vero cells, with IC50 values of
>512.00 µg/mL. Compounds 1 and 2 have also antioxidant properties, with IC50 values of 16.67±7.48 and 38.86±8.45 µg/mL, respectively.
Conclusion: The findings suggested that compounds of Streptomyces  sp. SU84 displayed antibacterial and antioxidant properties without
cytotoxic activity. Extensive studies of compound 1 may be useful for the advancement of improved methods for avoidance, control and
management of bacterial infections and metabolic-related free radical contribution.
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INTRODUCTION

Curcuma longa  (Linn.) (Zingiberaceae), commonly known
as  curcuma  or  turmeric,  is a medicinal plant that is
dispersedly allocated in tropical climate countries. Generally,
it is used for food flavoring and also used as a household
remedy  for  healing  several  disorders1.  The  plant  exhibits
anti-inflammatory,  antioxidant,   chemopreventive   and
chemotherapeutic  activities2.  It  has  been used for the
isolation of endophytic actinomycetes3. Some endophytic
actinomycetes are implicated in symbiotic associations with
host plants to produce antimicrobial agents4. Endophytic
actinomycetes live within plant tissues, creating a unique
ecological niche that influences their metabolite production.
This can lead to the production of novel and structurally
diverse compounds not found in soil actinomycetes5-6. In
addition, endophytic actinomycetes produced some novel
antibiotics which are effective against multi-drug-resistant
bacteria7-8. Antimicrobial agents produced by endophytes are
eco friendly, toxic to pathogens and do not harm the human.
Endophytes can indeed influence plant physiology in various
ways9. They can assist plants in acquiring essential nutrients
from the environment, promoting their growth and health.
Some  examples  include:  (1)  Stress   response:   Helping
plants    cope    with    drought,    salinity    and    pathogens10,
(2) Phytohormone production: Stimulating growth through
auxins, gibberellins and cytokinins11, (3) Nutrient acquisition:
Fixing nitrogen12, solubilizing phosphorus13 and producing
siderophores for iron uptake14 and (4) Pathogen protection:
Producing lytic enzymes15 and antibiotics16.  In our previous
study, endophytic Streptomyces sp. HK17 was isolated from
the root tissue of Curcuma longa. The isolated compounds
were identified to be flavonoids, which exhibited strong
antibacterial and anticandidal properties17. In this study, the
SU84 was isolated from the rhizosphere of Curcuma longa,
which exhibits antibacterial properties against Gram-positive
bacteria. The crude extract was used to purify major
compounds and their chemical structures were elucidated. In
addition, the antibacterial and cytotoxic properties were
evaluated.

MATERIALS AND METHODS

Study area: The study was carried out at the Departments of
Microbiology and Chemistry, Silpakorn University, Nakhon
Pathom, Thailand, from October 2022 to May 2023.

Isolation and antibacterial screening of actinomycetes:
Fifteen  samples  of  Curcuma  longa  rhizosphere  obtained
from   the    environs    of    Nakhon    Pathom    (13.8189417  N,

100.0413870 E), Thailand, were used for isolation. Each sample
was performed a 10-fold dilution using phosphate-buffered
saline (PBS) and was spread onto humic acid-vitamins (HV)
agar18 containing 100 µg/mL of nystatin and 50 µg/mL of
nalidixic acid to facilitate the isolation of slow-growing
actinomycetes; nystatin inhibits fungal growth, while nalidixic
acid inhibits many fast-growing Gram-negative bacteria17.
Forty-five isolates were screened for antibacterial properties
against the reference bacterial strains conducted in the
method of Hockett and Baltrus19 with slight modifications. Of
the 45 actinomycete strains, the SU84 exhibited the most
potent antibacterial property. It was identified based on
morphological,   physiological   and  chemotaxonomic
characterizations in accordance with the methods developed
by Kumar et al.3. The strain SU84 was cultured on ISP-2 agar for
15 days at 32EC, then extraction with ethyl acetate was carried
out20.

16S rDNA sequencing and phylogenetic tree construction:
Genomic DNA extraction of the strain SU84 was carried out
using Geneaid DNA extraction kit (Taiwan). The 16S rDNA was
amplified  by  PCR  using  Taq  DNA  polymerase  (Promega,
USA)   and   primer   A7-26f  (5'-CCGTCGACGAGCTC
AGAGTTTGATCCTGGCTCAG-3')    and    primer    B1523-1504r
(5'-CCCGGGTACCAAGCTTAAGGAGGTGATCCAGCCGCA-3'). The
conditions used for thermal cycling were as follows:
Denaturation at 95EC for 5 min, followed by 35 cycles of
denaturation at 95EC for 1 min, annealing at 56EC for 1 min
and extension at 72EC for min. At the end of the cycles, the
reaction mixture was kept at 72EC for 10 min and then cooled
to 4EC. The 15-kb amplified 16S rDNA fragment was separated
by agarose gel electrophoresis and purified by using a
QIAquick gel extraction kit (Qiagen, Germany). The purified
fragment was used directly for sequencing by the dideoxy
chain termination method, using a Big Dye Terminator cycle
sequencing  kit  (Applied  Biosystems,  USA)  and  an  ABI
PRISM 310 Genetic Analyzer (Applied Biosystems, USA). The
primers used for nucleotide sequencing were as follows:
Primer   A7-26f,    primer    B1523-1504r,    primer  C704-685r
(5'-TCTGCGCATTTCACCGCTAC-3')   and   primer  D1115-1100r
(5'-AGGGTTGCGCTCGTTG-3'). All of the obtained sequences
were assembled and then compared with similar sequences
from  the  reference  organisms,  using  the  BLAST  database
(a genome database of the National Center for Biotechnology
Information (NCBI)). The 16S rDNA sequences of the reference
strains were chosen from BLAST search results. Multiple
alignments of sequences determined in this study together
with reference sequences obtained from databases and
calculations of levels of sequence similarity were carried out
using the CLUSTAL W program,  version  1.74. The alignment 
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was manually verified and adjusted before the construction of
a phylogenetic tree. The phylogenetic tree was constructed
using neighbor joining method in MEGA 10 software.

MIC and MBC assays: The MIC and MBC assays were
determined by NCCLS guidelines using microbroth dilution
method21. The crude extract and purified compounds were
tested for their antibacterial ability against Bacillus cereus
ATCC 7064, Bacillus subtilis ATCC 6633, Escherichia coli ATCC
25922, methicillin-resistant Staphylococcus aureus Sp6 (the
clinical isolate), Pseudomonas aeruginosa ATCC 28753 and
Staphylococcus aureus ATCC 25923.

SYTOX green assay: An overnight culture of the bacteria
strains was centrifuged at 6,000g for 15 min. The bacterial cells
were washed and diluted with PBS to 107 cells/mL. The
compound  was  tested  at   the   concentration   of   its  MBC
(32-128 µg/mL). The SYTOX green assay was used to perform
as previously described by Lebaron et al.22.

Antioxidant assay: As 2,2-Diphenyl-1-Picrylhydrazyl (DPPH)
radical scavenging assay was performed as previously
described by Gulcin and Alwasel23. Briefly, each samples were
diluted in methanol at different concentrations. As 20 µL of
each sample were placed in a 96-well microplate, then 140 µL
of 2.0 mM DPPH solution was loaded into each well. The
microplate was incubated at 25EC in the dark for 30 min. The
absorbance was measured at 517 nm. Ascorbic acid was used
as positive control. The percentage of antioxidant properties
was calculated using the equation:

 
Absorbance of  control-
Absorbance of  sampleAntioxidant activity % = ×100
Absorbance of  control

The IC50 values were determined and reported.

MTT assay: Two cell lines (Vero cells; African green monkey
kidney epithelial cells and L929 cells; Murine fibroblast cells)
were  grown  in  DMEM   containing   10%   FCS   and   2   mM
L-glutamine. These cells are most commonly used to evaluate
the cytotoxicity of purified compounds using the 3-[4,5-
dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT)
assay24.

Purification and structure elucidation of the compounds:
Silica gel column chromatography and TLC were used to
purify   the    compounds.   The   crude   extract   (8.76   g)  was

fractionated using a methanol-chloroform mixture with
increasing polarity. The fractions eluted using 5-10% methanol
in      chloroform      were      purified      using      TLC    (solvent:
Chloroform/ethyl acetate, 3/5), which yielded 12.37 mg of
compound 1. The fractions were obtained using 2.5-5%
methanol in chloroform, which yielded 10.42 mg of
compound 2. The chemical structures of purified compounds
were elucidated using the following methods. Melting points
were determined on a Stuart SMP20 melting point apparatus
(Stuart, United Kingdom). Ultraviolet spectra were recorded on
methanol solutions with a PerkinElmer Lambda 35 UV-VIS
spectrophotometer (PerkinElmer Life and Analytical Sciences,
USA). The 1H- and 13C- Nuclear Magnetic Resonance (NMR)
spectra were recorded at 300 MHz for 1H- and 75 MHz for 13C
with a Bruker AVANCE 300 spectrometer (Bruker, Germany).
Mass spectra were recorded on a POLARIS Q mass
spectrometer (Thermo Fisher Scientific, USA).

Statistical  analysis:  Each  experiment  was  performed  in
triplicate. Data was analyzed by using SPSS Statistics for
Windows, Version 20.0 software (IBM, Armonk, New York, USA)
for Windows. Values of p<0.05 were considered to indicate
statistical significance.

RESULTS

Forty-five actinomycete isolates were isolated from
Curcuma longa  rhizosphere.  All  isolates  were  investigated
for their antibacterial property by measuring the diameter of
the inhibition zone surrounding their colonies. The SU84
exhibited promising activities against almost all testing
bacteria.

The morphological observation of the SU84 showed
monopodially  branched  sporophores  and  flexuous  with
oval-shaped  spores  and  the  aerial  and  substrate  mycelia
were  well  developed  without  fragmentation  (Fig.  1).  The
aerial mycelia were cream color, changing to grey, with a pale
yellow  pigment  after  7  days  of  incubation.  Based  on  the
results from the morphological observations and those from
the  detection  of  LL-diaminopimelic  acid  in  whole-cell
extract,  the  SU84  was  identified  as  Streptomyces. The
BLAST analysis of the 16S rDNA gene revealed that
Streptomyces  sp.  SU84   was  closely  related  to
Streptomyces cupreus strain PSKA01 (98.84%). Phylogenetic
tree showed the sharing cluster with Streptomyces cupreus
strain PSKA01, Streptomyces misionensis  strain KER and
Streptomyces griseoviridis strain K61 (Fig. 2). The 16S rDNA
sequence of the SU84 was deposited in GenBank (accession
number LC757224).
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Fig. 1(a-b): Morphological characteristics of Streptomyces sp. SU84, (a) Colony appearance  and (b) A light micrograph of
Streptomyces sp. SU84 after 21 days of growth on ISP-2 agar at 30EC.
Bar = 5 µm

The purified compounds were isolated from the crude
extract of Streptomyces sp. SU84 and their spectral data were
reported as follows:

C Compound 1: It was a pale yellow amorphous powder with
the  following  characteristics (Table 1): 165-167EC, MS m/z
(rel. int.): 310.2 [M+] (53), 295.2 [M+-15] (100), 253.1 (15),
212.1 (10), 187.1 (12), 147.6 (57), 83.1 (8), 57.1 (8); MS [M+]
312.2; molecular formula: C18H14O5; 1H-NMR (*, CD3OD):
13.27 (1H, s, 1-OH), 6.33 (H-2, d, J = 2.63 Hz), 3.50 (1H, s, 3-
OH), 6.22 (H-4, d, J = 2.63 Hz), 7.22 (H-7, d, J = 9.24 Hz), 7.16
(H-8, d, J = 9.25 Hz), 5.82 (H-3’, d, J = 10.10 Hz), 8.00 (H-4’, d,
J = 10.10 Hz),  1.25  (3H,s,  H-5’),  1.46 (3H, s, H-6’); 13C-NMR
(*,  CD3OD):  164.23  (C-1),  98.42  (C-2), 163.11 (C-3), 93.62
(C-4), 157.62 (C-4a), 149.57 (C-5), 151.93 (C-5a), 90.82 (C-6),
117.93 (C-7), 124.64 (C-8), 151.91 (C-8a), 183.57 (C-9), 104.71
(C-9a), 75.71 (C-2’), 133.00 (C-3’), 120.94 (C-4’), 27.52 (C-5’)
and 29.88 (C-6) 

C Compound  2:  It  was   a   white   amorphous   powder   with
the following characteristics: mp. 214-216EC, molecular
formular: C30H50O; 1H-NMR (*, CDCl3): 0.76 (s, 3H), 0.78 (s, 3H),
0.83 (s, 3H0, 0.92 (d, J = 3.7 Hz, 2H), 0.94 (s, 3H), 0.96 (s, 3H),
0.98  (dd,  J  =  3.7;  2.5 Hz, 1H), 1.01 (d, J = 2.5 Hz, 1H), 1.03
(s, 3H), 1.06 (dd, J = 3.7; 4.9 Hz, 1H), 1.10 - 1.38; bulk signals
of  CH2,  1.68  (s,  3H),  2.05(s,  1H),  2.37 (sext, 1H), 3.19 (dd,
J  =  4.9;  4.9  Hz,  1H),  4.56 (dd, J = 1.2; 1.2 Hz, 1H), 4.68 (d,
J = 2.5 Hz, 1H). 13C-NMR (*, CD3OD): 14.72 (CH3), 15.55 (CH3),
16.15 (CH3), 16.30 (CH3), 18.18 (CH3), 18.48 (CH2), 19.48 (CH3),
21.09 (CH2), 25.28 (CH2), 27.56 (CH2), 28.16 (CH3), 30.00 (CH2),
34.42 (CH2), 35.74 (CH2), 37.33 (CH2), 38.21 (CH), 38.86 (CH2),
39.03 (C), 40.17 (CH), 40.98 (C), 42.99 (C), 43.17 (C), 48.16
(CH), 48.44 (CH), 50.58 (CH), 55.45 (CH), 78.95 (CH), 109.51
(CH2) and 151.19 (C)

We were able to elucidate the structure of compound 1
as 1,3-dihydroxy-,2',2'-dimethylpyrano-(5,6)-xanthone, while
compound 2 was identified as lupeol based on a comparison
of the spectral data in this study to those of previous studies
(Fig. 3).

Table 2 shows the antibacterial properties of the
compounds.  The  crude  extract  inhibited  the  growth of
Gram-positive bacteria, with MICs of 32-64 µg/mL and MBCs
of 128-512 µg/mL. Compound 1 showed strong activities
against   Gram-positive   bacteria,   while   compound  2
showed low  MIC  and  no  MBC   activities   against   the 
tested bacteria.  The  antioxidant  activity  expressed  as  IC50 
values  of  the  compounds  were  shown  in  Table  3. A
significant difference was observed among test substances.
With IC50 of 16.67±7.48 µg/mL of compound 1 had DPPH
scavenging activity close to that of ascorbic acid. These results
suggested that these compounds have a potential antioxidant
property.

The crude extract and compound 1 did not exhibit
cytotoxic activities against L929 and Vero cells, with IC50 values
of >512.00 µg/mL (Table 4). In contrast, potent cytotoxicity
was observed in the Vero and L929 cells for compound 2, with
IC50 values of 145.38 and 127.64 µg/mL, respectively. These
results indicated that compound 1 is not toxic to cells,
implying its potential as a non-toxic agent.

Bacteria subjected to compound 1 exhibited intense
fluorescence after SYTOX green staining (Fig. 4), suggesting
that compound 1 exerts its antibacterial activity by causing
damage to bacterial membranes and cell walls. The SYTOX
green stain helps assess cell viability after antibacterial
treatment. It only enters and stains dead/damaged cells with
compromised membranes. This allows for rapid and easy
quantification of non-viable cells.
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Fig. 2: Neighbour-joining phylogenetic tree of Streptomyces sp. SU84, including the closely related strains of 16S rDNA gene
sequences retrieved from GenBank.
Accession numbers appear in parentheses. Bootstrap values (1,000 replicates) are given as a percentage (bar 0.01 substitutions per site)

Fig. 3(a-b): Chemical structures of (a) 1,3-dihydroxy-,2',2'-dimethylpyrano-(5,6)-xanthone and (b) lupeol.
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Fig. 4(a-d): Fluorescence    microscopy    of   bacterial   cells   treated   with   purified   compound   after   SYTOX   green   assay,
(a) Staphylococcus aureus  ATCC 25923, (b) Methicillin-resistant Staphylococcus aureus  Sp6, (c) Bacillus cereus  ATCC
7064 and (d) Bacillus subtilis  ATCC 6633.
Bar = 20 µm

Table 1: 1H NMR, 13C NMR and HMBC data for compound 1
Position *H (ppm) Groups *C (ppm) HMBC
1 13.27; s; (1H) OH 164.23 H-1
2 6.33; d; J = 2.63 Hz (1H) CH 98.42 H-1, H-5’, H-8
3 3.50; s; (1H) OH 163.11 -
4 6.22; d; J = 2.63 Hz (1H) CH 93.62 H-8, H-7’
4a - - 157.62 H-4
5 - - 149.57 H-7, H-8
5a - - 151.93 -
6 - - 90.82 -
7 7.22; d; J = 9.24 Hz (1H) CH 117.93 H-4
8 7.16; d; J = 9.25 Hz (1H) CH 124.64 H-5’
8a - - 151.91 H-7, H-8
9 - - 183.57 -
9a - - 107.71 H-1, H-4
2’ - - 75.71 H-5’
3’ 5.82; d; J = 10.10 Hz (1H) CH 133.00 H-7, H-7’
4’ 8.00; d; J = 10.10 Hz (1H) CH 120.94 H-8
5’ 1.25; s; (3H) CH3 27.52 H-7
6’ 1.46; s; (3H) CH3 29.88 H-4
1H and 13C-NMR assignments on purified compound [1H (300 MHZ), 13C-NMR (75 MHZ), CDCl3, J = coupling constant, s: Singlet and d: Doublet]. 

Table 2: MIC and MBC of the purified compounds and crude extract against tested bacteria
MIC (µg/mL) MBC (µg/mL)

------------------------------------------------------------------------------------ ------------------------------------------------------------------------------------------
Test substance aB.c. B.s. S.a. MRSA E.c. P.a. aB.c. B.s. S.a. MRSA E.c. P.a. 
Crude extract 32 32 32 64 >512 >512 256 256 128 512 >512 >512
Compound 1 16 16 8 32 256 256 64 64 32 128 >512 >512
Compound 2 256 256 256 256 256 512 >512 >512 >512 >512 >512 >512
Chloramphenicol 2 2 1 2 8 8 4 4 2 4 16 16
aB.c.: Bacillus cereus ATCC 7064, B.s.: Bacillus subtilis ATCC 6633, S.a.: Staphylococcus aureus ATCC 25923, MRSA: Methicillin-Resistant Staphylococcus aureus Sp6 (the
clinical isolate), E.c.: Escherichia coli ATCC 25922 and P.a.; Pseudomonas aeruginosa ATCC 28753.
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Table 3: Antioxidant activity (IC50) of the purified compounds and crude extract by DPPH assay
Test substance IC50 (µg/mL)
Crude extract 52.38±12.64d

Compound 1 16.67±7.48c

Compound 2 38.86±8.45b

Ascorbic acid 5.05±1.24a

n = 3 and Means values within a column with different superscript letters are significantly different at p<0.05

Table 4: Cytotoxicity activity (IC50) of the purified compounds and crude extract in two cell lines
IC50a (µg/mL)

---------------------------------------------------------------------------------------------------------------------
Test substance L929 Vero
Crude extract >512.00 >512.00
Compound 1 >512.00 >512.00
Compound 2 145.38 127.64
a: IC50 values represent the concentration causing 50% growth inhibition

DISCUSSION

Current investigations revealed that Streptomyces sp.
SU84 showed strong antibacterial properties. To our
knowledge, this is the first report on the isolation of 1,3-
dihydroxy-2',2'-dimethylpyrano-(5,6)-xanthone from
Streptomyces  sp. SU84. Generally, xanthones  are produced
by plants and fungi25-30; however, polycyclic xanthones have
only been isolated and synthesised from actinomycetes31-37.
These xanthones showed selective inhibitory activity against
various bacteria38-44. In the past, aromatic xanthones have
been obtained from Streptomyces cervinus45. They have also
been reported with antibacterial activity against anaerobic
bacteria45, such as Bacteroides fragilis, Bifidobacterium
bifidum, Clostridium perfringens, Eubacterium lentum,
Lactobacillus acidophilus and Peptococcus prevotii, with MIC
values ranging from 0.006-0.195 µg/mL. Furthermore,
cervinomycin; a derivative of xanthones has been reported to
cause damage to phospholipids in bacterial cytoplasmic
membrane46. In addition, a literature survey suggests that
xanthones are also known to have antioxidant property47. They
react with the free radicals in preventing the onset of health
disorders such as; Alzheimer’s disease, arrhythmia,
atherosclerosis, carcinogenesis, diabetes, inflammation and
rheumatoid arthritis48.

In this study, 1,3-dihydroxy-,2',2'-dimethylpyrano-(5,6)-
xanthone inhibited the growth of Gram-positive bacteria, with
MICs and MBCs in the range of 8-32 µg/mL and 32-128 µg/mL,
respectively. The SYTOX green assay was used to determine
the antimicrobial effects and the results confirmed that
compound  1  exhibits  antibacterial   properties   against
Gram-positive bacteria. It was suggested that the mode of
action of this compound disrupted the cytoplasmic
membrane and cell wall functions, causing to leakage and lysis
of cells. The SYTOX green dye is a high-affinity to nucleic acid,
normally, it does not cross the membranes of live cells, but in

case  of  leakage  cells,  it  easily  penetrates  cells  which
showed great fluorescence49,50. Damage to the cell membrane
disturbs many vital cell processes, including nutrient
processing, leakage of cellular components, energy
conversion, secretion of growth regulators and synthesis of
structural macromolecules51,52. The results indicated the
potential of compound 1 not only as an antibacterial agent
but also as an antioxidant. These results are confirmed with
the results described for antibacterial xanthone (buanmycin),
which was reported by Moon et al.53.

Lupeol was also isolated from Streptomyces sp. SU84
culture. This compound has been isolated from fruits such as
cucumber, fig, guava and tomato54 and exhibits a spectrum of
pharmacological activities55-58, including antimicrobial
properties59. Lupeol has been reported to have antibacterial
properties against S. aureus, E. coli and B. subtilis, with MIC
values of 130, 150 and 220 µg/mL, respectively25. However, in
this study, the MIC of this compound against these bacteria
was 256 µg/mL, which was lower than that of compound 1
and the antioxidant property of this compound was also lower
as well.
The compounds presented herein have potential

antioxidant and antibacterial properties, which could be of
interest for further development into account the growing
health problems related to oxidative stress and antibacterial
resistance. However, further study on the pathogenesis of
bacterial membranes and cell walls will be investigated
elsewhere.

CONCLUSION

In summary, 1,3-dihydroxy-,2',2'-dimethylpyrano-(5,6)-
xanthone was isolated from Streptomyces sp. SU84. This
compound exhibited antibacterial and antioxidant properties
against Gram-positive bacteria via disruption of bacterial cell
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walls and cytoplasmic membrane. It also exhibited low
cytotoxicity against L929 and vero cells. These results suggest
that this compound is a potential therapeutic option for
prevention, control and treatment of health disorders
implicated in free radicals and bacterial infections.

SIGNIFICANCE STATEMENT

In this study, Streptomyces sp. SU84 was isolated from the
rhizosphere of Curcuma longa. This strain could produce 1,3-
dihydroxy-,2',2'-dimethylpyrano-(5,6)-xanthone (compound 1)
and lupeol (compound 2). Compound 1 had antibacterial and
antioxidant activities with weak cytotoxic activity on the
normal cells. This study will help researchers uncover
compound 1 as a potential alternative for treatments of
bacterial infections and health problems related to oxidative
stress.
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