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Abstract

Natural products, such as Rosmarinic acid (RA), can be utilized as alternatives to
therapies or treatments that may have harmful consequences to the host. RA has
demonstrated anti-cancer properties and antibacterial activity. The objective of this
research was to evaluate the potential of RA to reduce growth of a Colorectal cancer
(CRC)-promoting bacteria, such as E coli-NC101, which produces a genotoxin that
promotes DNA damage in intestinal epithelial cells (IECs). NC101 was cultured with a
series of 2-fold dilutions of RA ranging from 1omg/mL to 0.01mg/mL, and OD600 was
measured to determine the minimum inhibitory concentration (MIC). RA significantly
decreased E.coli-NC101 stationary growth at 5smg/mL (p<0.001). Growth curve analysis
showed that this RA-induced decrease delayed the growth of NC101 at this
concentration. Further experiments will determine the effect of RA on NC101-induced
DNA damage.
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Introduction

Rosmarinic acid is a phenolic compound originally isolated from rosemary, but also
found in other plants and herbs consumed in the form of teas, spices, and fruits?2.
Natural products, such as RA, have been utilized to treat diseases such as cancer,
inflammation, and infections®34. Amongst the cancers that RA has reported activity

@ @ © 2025 Joi Monsanto, Keiondra Chatman, and Jillian L. Pope. This open access
article is distributed under a Creative Commons Attribution 4.0 License

(https://creativecommons.org/licenses/by/4.0/)


https://sciwheel.com/work/citation?ids=16571019&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=16475777&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=18207331,16571019,13368034&pre=&pre=&pre=&suf=&suf=&suf=&sa=0,0,0&dbf=0&dbf=0&dbf=0

Monsanto, et al.

against is colorectal cancer (CRC)5. Colon cancer primarily affects the large intestine
and can be initiated by several factors including genetics, inflammation, and/or
dysbiosis which can allow harmful bacteria, or pathogens, the opportunity to cause
harm. In a recent study, RA had the ability to reduce colitis severity, inflammation-
related protein expression, tumor incidence, and colorectal adenoma development (Jin
et al. 2021). Additionally, RA has also demonstrated the ability to modulate the
intestinal microbiome to influence the severity of colitis®.

With its ability to reduce tumor burden, regulate inflammation, and modulate the
microbiome, we hypothesized RA could potentially be an antibiotic alternative for
opportunistic microbes that have specific activities that contribute to its virulence, such
as that of E. coli NC101. RA has indeed demonstrated antibacterial activity against other
strains of E. coli and microbes associated with foodborne illnesses?. E. coli NC101 is a
commensal bacterium isolated from the intestine of a mouse, that was found to possess
the pks (polyketide synthase) gene8, which is responsible for the production of a
genotoxin, colibactin. Colibactin can cause DNA damage in intestinal epithelial cells,
which contributes to colorectal tumorigenesis. Almost 70% of CRC patients were found
to have pks+ E. coli within their colon mucosa8. This further highlights the importance
of identifying agents such as RA that can reduce the bacterial load of antibiotic-resistant
microbes containing virulent genes such as the pks. In this study, we begin our
investigation of the effect of rosmarinic acid on the CRC-inducing bacterium, E.coli
NCio1.

Materials and Methods

Preparation of Bacterial suspension

E. coli NC101 was streaked on a fresh LB agar plate from a frozen glycerol stock using a
sterile loop and allowed to incubate overnight 37°C. This stock plate was regenerated
every 2 weeks. To prepare the bacterial suspension, a single colony was selected from
the stock plate to inoculate 5 mL of LB broth which was then placed into a shaking
incubator overnight at 37°C. The overnight culture was sub cultured for two hours at
37°C. The OD 600 was measured using the Nanodrop One (Thermofisher Scientific) to
estimate desired amount of suspension needed for a concentration of bacterial cells for
plating using predetermined CFU calculation.

Stationary Experiment (MIC Determination)

The micro-broth dilution method was used to determine the minimum inhibitory
concentration (MIC). A stock solution of Rosmarinic Acid (RA) (Millipore-Sigma) was
prepared by dissolving in DMSO. Two-fold serial dilutions of RA in LB broth (100uL)


https://sciwheel.com/work/citation?ids=16570997&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=16414040&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=16534966&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=91644&pre=&suf=&sa=0&dbf=0
https://sciwheel.com/work/citation?ids=91644&pre=&suf=&sa=0&dbf=0

Tallahassee State College Undergraduate Research Journal 1(1)

were prepared in 96 well polystyrene plate in duplicate. 100uL of bacteria suspension
containing 50 000 cells was added to each well to give a final volume of 200uL per well.
Wells containing LB broth and LB containing DMSO were used as controls. The OD600
was measured using a Tecan plate reader (Infinite M200Pro) and then placed into
incubator overnight. The following day, the OD600 was measured and the plate
discarded according to safety guidelines.

Shaking Experiment (Growth Curve Analysis)

Overnight cultures of bacteria were prepared in LB from selection of a single colony and
subcultured as indicated above. After measuring OD 600, 50 000 cells (100 uL of LB
broth) was added to desired wells containing 100uL. of RA prepared in the same manner
as the stationary experiment plate above. Wells containing LB broth and LB containing
DMSO were used as controls. To prevent loss of media due to evaporation, 200uL of
water was added to the wells along the perimeter of the plate. The starting OD was
measured and recorded using the Tecan plate reader and placed into a shaking
incubator, 37°C. The OD 600 of plate was read and recorded every 60 minutes up to six
hours.

Statistical Analysis

Statistical analysis was performed using Graphpad Prism (version 6.0) Experiments
were performed in triplicate and data expressed as mean + SD.

Results and Discussion

To determine whether RA has an effect on the pathogenic E.coli strain NC101 we
experimentally evaluated its ability to reduce bacterial growth in culture.

Effect of RA on NC101 stationary growth

To examine the effect of Rosmarinic acid (RA) on NC101 bacterial growth, we employed
the micro-broth dilution method. This method is utilized to identify the minimum
inhibitory concentration (MIC), which is defined as the lowest concentration of drug
that can inhibit visible growth of bacteria. E. coli NC101 bacteria were allowed to grow
in the presence of serial dilutions of RA diluted in LB broth starting from 1omg/mL.
The OD 600 was measured after plating and 24 hours after incubation. Figure 1A shows
representative plate after bacteria were allowed to grow 24 hours. At RA concentrations
of 5mg/mL and 10mg/mL the turbidity of the wells appeared much less than that of the
wells containing no RA (wells D4). The OD 600 values at 0 hr and 24 hr were graphed
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as shown in Figure 1B. As observed in the plate, there was a significant decrease in the
OD 600 values at 5mg/mL (p<0.001) and 10mg/mL (p<0.001) compared to control.
Since RA was dissolved in DMSO, we cultured NC101 bacteria in 10% DMSO, which is
equivalent to the amount that would be present in the 5mg/mL well, to determine if the
sudden drop in growth was due to the higher concentration of DMSO. As indicated,
there was no significant difference in the bacterial growth in 10% DMSO compared to
control.
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Figure 1. Stationary Growth of NC101 exposed to increasing concentrations of RA.
Representative plate (1A) after 24 hour incubation. (1B) Graph shows OD 600 after plate setup (0 hr)
and at endpoint (24 hr). ***p<0.001 compared to Untreated control (0 mg/mL), One-way Anova, . Error
bars represent standard deviation (n=3).
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Effect of RA on NC101 Growth Curve

To measure the effect of RA on the growth rate of NC101, the shaking plate experiment
was used to do a comparative growth curve analysis of E.coli NC101 exposed to the
various concentrations of RA. Bacterial growth was measured using a plate reader at
indicated times (Figure 2). These results show that the bacteria E. coli NC101 growth
was unaffected for the majority of the concentrations, yet experienced a noticeable delay
in growth at 5 mg/mL and a complete inhibition of growth 10 mg/mL of RA.
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Figure 2. Comparative Growth Curve Analysis of NC101 exposed to RA. Bacterial growth curve
was generated by measuring OD every 60 minutes after treatment with serial dilutions of RA (0-10
mg/mL). Error bars represent standard deviation (n=3).

Discussion and Conclusion

The need for antibiotic alternatives has risen greatly with both the advancement of
medicine and the adaptation of pathogenic microbes to these advances. Bioactive
compounds isolated from plants serve as attractive candidates due to their ability to
target multiple mechanisms, and most importantly due to the lesser impact they have on
the host. For example, broad-spectrum antibiotics can deplete beneficial microbes and
with prolonged use create conditions that leave the host compromised and open to
colonization by opportunistic pathogens. Additionally, beyond their ability to behave as
an antibiotic, these naturally derived compounds can further impact microbes by
interfering with mechanisms that impact their virulence9°. In this study we
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interrogated the antimicrobial activity of rosmarinic acid against a cancer-promoting
pathogen, E. coli NC101, by investigating its ability to inhibit bacterial growth.

While we were able to observe a significant decrease (Fig 1B) and delay (Fig 2B) in
NCi101 growth at 5mg/mL of RA, this is a relatively high dosage compared to that
identified against other E.coli strains (< 1mg/mL) and even a well known antibiotic
resistant bacterium MRSA (Methicillin-resistant Staphylococcus aureus) (<
1.5mg/mL)71. E coli NC101 is best characterized by its carriage of the pks virulence
gene, a genetic cluster that encodes for the genotoxin colibactin that induces DNA
damage in epithelial cells and contributes to colorectal cancer pathogenesis. Microbes
that possess virulence genes can be more resistant to treatments by antibiotics and
antibiotic alternatives, which may explain the high dosage observed in this study. While
RA may not be a suitable antibiotic alternative, it would be worthwhile to examine the
effect of RA on NC101 virulence properties such as DNA damage and biofilm formation.
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