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Abstract

Objective: Ascorbic acid’s acknowledged antioxidant and immune-stimulating qualities led to an increase in interest in its antibacterial
qualities. Nonetheless, comprehending the impact of ascorbic acid on distinct Escherichia coli strains continues to be challenging.
Methods: In this work, four strains of Escherichia coli—enterotoxigenic, enteroinvasive, enteropathogenic, and enteroaggregative—were
treated with three different doses of ascorbic acid: 5, 10, and 20 mg/ml. Escherichia coli strain vitality and proliferation were assessed using
spectrophotometer absorbance readings after treatment.

Results: On the treated strains, there was a discernible dose-dependent inhibitory effect. The absorption dropped off significantly from
0.310 + 0.082 when compared to the positive control (0 mg/ml) to 0.102 + 0.017 (P < 0.001) following the administration of 20 mg/ml of
vitamin C. Ascorbic acid at a 5 mg/ml concentration demonstrated the greatest inhibition from 0.310 + 0.082 to 0.125 + 0.025
(P < 0.001), despite the little incremental changes. Enteroaggregative Escherichia coli exhibited the most amount of inhibition, according
to our findings.

Condlusion: In the end, the experiment showed that ascorbic acid inhibits Escherichia coli growth. According to the studies, at lower doses,
ascorbic acid may be able to limit the growth of certain strains of Escherichia coli. To find out how much ascorbic acid is best consumed in

human situations or to comprehend the underlying mechanisms that contribute to its beneficial benefits, more research is needed.
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Introduction

Increased immunity is a known benefit of ascorbic acid.
Recent studies have concentrated on its antibacterial proper-
ties. The bacterium Escherichia coli is frequently found in the
stomachs of both humans and animals."” The intestines are
home to several forms of Escherichia coli, however some
strains have the capacity to cause fatalities as well as gastroin-
testinal and urinary issues. Because of the rise of bacteria that
are resistant to antibiotics, new treatments for Escherichia coli
are needed.”* Research on the antibacterial effects of ascorbic
acid has been greatly stimulated.”

Commonly known as ascorbic acid, ascorbic acid is a
strong antioxidant that is necessary for optimal immune
system performance.® Recent investigations have revealed that
ascorbic acid can demonstrate antibacterial activities, specifi-
cally targeting Escherichia coli” As a result, there was a rise in
interest in and excitement about the vitamin’s possible healing
properties.® It was discovered that ascorbic acid inhibited the
growth of certain Escherichia coli strains.” Ascorbic acid has a
significant potential as an antibacterial agent since, as demon-
strated by a study via Hassuna et al.,'’ large doses of the acid
decreased the survivability of Escherichia coli. Furthermore,
ascorbic acid interferes with the integrity of bacterial mem-
branes and inhibits their metabolic processes,'"'? and lowers
viability and proliferation.”” Ascorbic acid was also shown to
increase the effectiveness of antibiotics against strains of
Escherichia coli that were resistant to them," suggesting that
antibiotic resistance may eventually be resolved."

While the antibacterial activity of ascorbic acid against
Escherichia coli is promising, more research is still needed to
determine the exact doses, methods of action, and potential
side effects of ascorbic acid. This study investigates the anti-
bacterial characteristics of ascorbic acid and the ideal dosages
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required to inhibit the growth of several Escherichia coli
strains.

Methods

Escherichia coli used Strains

i. Escherichia coli Enterotoxigenic (ETEC) produces toxic
compounds while adhering to the gut lining with hair-like
projections called fimbriae. ETEC is a prevalent cause of
traveller’s diarrhoea and is known to persuade diarrhoea,
which is frequently detected in neonates.'®

ii. Escherichia coli Enteroinvasive (EIEC) gains entry into the
colon and eliminates the epithelial cells, causing diarrhea
that looks a lot like dysentery. An additional common
symptom is pyrexia.'”

. Escherichia coli Enteropathogenic (EPEC) binds to the intes-
tinal cells by way of the particular attachment protein
intimin. Watery stool is a common symptom of EPEC
infection, and it can also occasionally show hematochezia.
In low-income countries, EPEC is known to have an impact
on babies."

iv. Escherichia coli Enteroaggregative (EAEC) demonstrates a
distinct adhesion design to the epithelium of the gut, aggre-
gating, and producing enteroaggregative toxin. Pediatric
patients frequently experience prolonged diarrhea due to
the EAEC strain.”

=

ii

Escherichia coli Strains Culturing
and Management

Escherichia coli suspended in peptone water was added to
freshly produced broths, which were then incubated for two
hours. Using a previously reported methodology by Isela et al.,
L-Ascorbic Acid was added to (3) different batches of
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Trypticase Soy Broth (TSB; Himedia, India) to produce final
concentrations of 5, 10, and 20 mg/ml.* In test tubes holding
1000 uL of the produced solution, 250 pL of the bacterial
broth (Escherichia coli) were added as part of the experimental
method. After that, tubes were incubated aerobically
throughout the entire night at 37°C. Three treatment groups
were used in the experimental setup: uninoculated TSB
enriched in ascorbic acid, uninoculated TSB devoid of ascorbic
acid, and bacterial broths in TSB without ascorbic acid (posi-
tive control). The absorbance of the infected broths and con-
trols was measured by spectrophotometric analysis using a
microplate reader (BIO-RAD Model 680) set to 450 nm.

Statistical Analysis

An liberated samples t-test and SPSS software (SPSS 20.0)
were charity for a statistical revision. P values were considered
statistically significant if they were less than 0.005.

Results

With varying ascorbic acid concentrations, the Enterotoxigenic
Escherichia coli samples’ mean absorbance varied. As the con-
centration of ascorbic acid increased, the absorbance dropped
from 0.140 + 0.012 to 0.107 + 0.015 (P < 0.001), In contrast,
the positive controls (Table 1 or Figure 1) had a high absorb-
ance of 0.310 + 0.082.

The content of ascorbic acid as well as the average absorb-
ance values of interventions Escherichia coli were found to be

Table 1. Compares the absorption results for Escherichia coli
which is toxic (Enterotoxigenic Escherichia coli) after being
treated with ascorbic acid

Dealing groups (Mean + SEM) P value
(Ascorbic acid control) (0.089 +0.010)d
(Negative control) (0.090+0.013)d
Positive control (0 mg/ml) (0.310+0.082) a
0.003 **
Ascorbic acid (5 mg/ml) (0.140 £ 0.012) b
Ascorbic acid (10 mg/ml) (0.111£0.013) ¢
Ascorbic acid (20 mg/ml) (0.107 £ 0.015) ¢

The same letters means no differences between them at P-value < 0.01.
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Fig.1 Compares the absorption results for Escherichia coli which

is toxic (Enterotoxigenic Escherichia coli) after being treated with
ascorbicacid.
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correlated similarly. Comparing the absorbance to the control
groups that where positive (Table 2 or Figure 2), statistical
analysis showed a substantial decrease with increasing ascorbic
acid content, from 0.130 + 0.02 to 0.104 + 0.01 (P < 0.001).

The findings show that the mean absorbance values for
enteropathogenic Escherichia coli and the ascorbic acid concen-
tration have a negative connection. Comparing the absorb-
ance to control groups that where the positive (Table 2 or
Figure 2), statistical analysis showed a substantial decrease in
absorbance with increasing ascorbic acid content, from
0.125 £ 0.025 to 0.106 + 0.018 (P < 0.001).

The findings show that there is a negative relationship
between the mean absorbance values for enteroaggregative
Escherichia coli and the ascorbic acid concentration. Com-
paring the absorbance to the positive controls, statistical anal-
ysis showed a substantial decrease with increasing ascorbic
acid concentration, from 0.127 + 0.024 to 0.102 + 0.017
(P <0.001) (Table 3 and Figure 3).

The variance in ascorbic acid absorbance at 5, 10, or 20
mg/ml concentrations was compared to the comparable values
of ascorbic acid at the groups 0, 5, & 10 mg/ml absorptions
using a comparison analysis. There was no statistically signifi-
cant changes between the absorption ethics of Escherichia coli
to Ascorbic acid absorptions at the groups 10 & 20 mg/ml
(when Pis 0.315), despite the point of the concentration which
where 20 mg/ml of Ascorbic acid demonstrated the strongest
repression of Escherichia coli. As a result, the findings demon-
strated that ascorbic acid’s inhibitory effect stops at a absorp-
tion of the group 10 mg/ml. However, there were statistically
significant changes in Escherichia coli absorption ranks
(P < 0.001) between the variety groups of 0-5 mg/ml & 5-10
mg/ml of ascorbic acid dealings (Table 4 & Figure 4).

Table 2. Compares the absorption results for Escherichia coli
which is pathogenic (Enteropathogenic Escherichia coli) after
being treated with ascorbic acid

Dealing groups (Mean =+ SEM) Pvalue
(Ascorbic acid control) (0.089 +0.010)d
(Negative control) (0.090 +0.013) d
Positive control (0 mg/ml) (0.310 + 0.082) a
0.014 **
Ascorbic acid (5 mg/ml) (0.125 £ 0.025) b
Ascorbic acid (10 mg/ml) (0.109£0.013)
Ascorbic acid (20 mg/ml) (0.106 +0.018) ¢

The same letters means no differences between them at P-value < 0.01.
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Fig. 2 Compares the absorption results for Escherichia coli which
is pathogenic (Enteropathogenic Escherichia coli) after being
treated with ascorbic acid.
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Table 3. Compares the absorption results for Escherichia coli
which is aggregative (Enteroaggregative Escherichia coli) after
being treated with ascorbic acid

Dealing groups (Mean + SEM) P-value
(Ascorbic acid control) (0.089 +0.010)d
(Negative control) (0.090 +0.013)d
Positive control (0 mg/ml) (0.310+£0.082) a
0.007 **
Ascorbic acid (5 mg/ml) (0.127 £ 0.024) b
Ascorbic acid (10 mg/ml) (0.104 £0.013) ¢
Ascorbic acid (20 mg/ml) (0.102 £ 0.017) ¢

The same letters means no differences between them at P-value
<0.01.

Mean absorbance
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i

Vit C Control NC PC (0 mg/ml) Vit C (5 mg/ml) Vit C (10 mg/ml) Vit C (20 mg/ml)

Fig. 3 Compares the absorption results for Escherichia coli which
is aggregative (Enteroaggregative Escherichia coli) after being
treated with ascorbic acid.

Discussion

A significant global health problem is the predominance of
enteric infections caused by various pathogenic strainings of
Escherichia coli, such as enterotoxigenic, enteroinvasive, enter-
opathogenic, and enteroaggregative strains.”’ Researchers
have been looking on potential treatments for these infections,
like using ascorbic acid.”” Different strains of Escherichia coli
cause different kinds of gastrointestinal disorders. ETEC
causes diarrhoea through the generation of toxins,” but EIEC
can penetrate and harm intestinal cells. Escherichia coli comes
in two varieties: EPEC and EAEC, and they interact with intes-
tinal cells in different ways.”* Whereas EPEC is recognized to
adhere to the gut cells and form “joining and exposing” lacer-
ations, EAEC is identified to produce a biofilms inside diges-
tive region. All strains retains A unique pathogenic process.”

A vital nutritional component known for it’s antioxidative
properties and role in immune system function is ascorbic
acid (Ascorbic acid).’*” It has been discovered that ascorbic
acid possesses antibacterial qualities, such as the capacity to
hinder the growth and pathogenicity of Escherichia coli
strains.”*® Ascorbic acid has the potential to reduce the patho-
genicity of Escherichia coli by disrupting bacterial cell mem-
branes, impeding bacterial adhesion, and inhibiting the
generation of toxins.”>*

There is still much to learn about the exact mechanism by
which ascorbic acid inhibits the growth of Escherichia coli
strains. However, research studies suggest a number of pos-
sible pathways, including the possibility that ascorbic acid
could weaken the bacterial cell membrane’s structural sta-
bility.”! It has been discovered that giving ascorbic acid to bac-
teria causes oxidative stress, which damages the cell’s
membrane and other internal components, among other
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structural elements.”” The release of intracellular components
could have a negative impact on the survival and functionality
of the bacterial cells. When essential cellular operations are
interfered with, the bacteria may not be able to maintain its
normal physiological functioning. Escherichia coli growth can
be inhibited by the loss of cellular integrity and impaired
structural stability.”

Depending on the type of strain and the proposed use,
there may be variations in the ascorbic acid concentration that
works best against Escherichia coli bacteria.”” Numerous inves-
tigations have been carried out to assess the effectiveness of
various concentrations. Research has indicated that focuses in
the 1-10 mm series may inhibit Escherichia coli growing and
pathogenicity. Specifically, concentrations higher than 20 mM

Table 4. The variation in relative absorbance between
Escherichia coli strains as the concentration of ascorbic acid
increases

Enterotoxigenic Escherichia coli

Ascorbic acid (mg/ml) Mean = SEM P-value
Control (Positive groups) 0 (0.310 +0.082) a
©) (0.140 £0.012) b
5) (0.140 £ 0.012) b
0.002 **
(10) (0.111£0.026) ¢
(10) (0.111£0.014) ¢
(20) (0.107 £0.019) ¢

The same letters means no differences between them at P-value < 0.01.

Enteroinvasive Escherichia coli

Ascorbicacid (mg/ml) Mean + SEM P-value
Control (Positive groups) O (0.310 + 0.082) a
5) (0.130 +0.02) b
©) (0.130+0.02) b
(10) (0.107 £0.01)c 0.002%
(10) (0.107 £0.01) c
(20) (0.104 +0.01) ¢
Enteropathogenic Escherichia coli
Ascorbicacid (mg/ml) Mean + SEM P-value
Control (Positive groups) 0 (0.310+0.082) a
(5) (0.125 +0.025) b
(5) (0.125 £ 0.025) b
(10 (0.109£0.013) ¢ 0.029%
(10) (0.109 £0.013) ¢
(20) (0.106 + 0.018) ¢
Enteroaggregative Escherichia coli
Ascorbic acid (mg/ml) Mean = SEM P-value
Control (Positive groups) 0 (0.310 +0.082) a
©) (0.127 £ 0.024) b
5) (0.127 £ 0.024) b
(10) (0.104 £ 0.013) ¢ 0.035"
(10) (0.104 +0.013) ¢
(20) (0.102 £ 0.017) c

The same letters means no differences between them at P-value < 0.05.
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Fig. 4 The variation in relative absorbance between Escherichia coli strains as the concentration of ascorbic acid increases.
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have the potential to cause cytotoxicity to host-derived healthy
cells, while concentrations lower than this threshold might not
have significant inhibitory effects.”

Due to small size of the sample only 4 different types of
Escherichia coli strains were included—our findings might not
apply to the total population of these strains. The small sample
size could restrict how far the results can be applied. The four
Escherichia coli strains chosen for the study had minimal
genetic variety, which could lead to insufficient variation
within the species. This issue may therefore limit the data’ gen-
eralizability to other strains of Escherichia coli. In order to
guarantee an accurate assessment of the effect of ascorbic acid,
appropriate control groups must be included. Without ade-
quate controls, it becomes challenging to determine whether
the observed effects are solely due to ascorbic acid or if there
are other contributing factors.

The impact of ascorbic acid was assessed quantitatively
using the absorbance intensity of Escherichia coli cells.
Measuring with accuracy and objectivity may help increase
the study’s repeatability and dependability. Furthermore,
the absorption intensity measurement demonstrates a high
level of sensitivity, making it possible to identify even minute
differences in the samples. Because of this increased sensi-
tivity, it is possible to identify even the smallest differences
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in how Escherichia coli strains react to different Ascorbic
acid concentrations. Our findings, which are intriguing,
suggest that ascorbic acid has the ability to considerably
(P < 0.001) affect the survivability of the four strains of
Escherichia coli, suggesting that it may find application as an
antibacterial agent.

Conclusion

As a preventive and therapeutic measure against infections
brought on by different strains of Escherichia coli, ascorbic acid
shows promise. The capacity of ascorbic acid to rupture bacte-
rial cell membranes, obstruct adhesion, and prevent the for-
mation of toxins is thought to be the cause of its inhibitory
effects on the development and pathogenicity of Escherichia
coli. To ascertain the ideal concentration and fully clarify the
underlying mechanisms, more research is necessary. But more
research is needed to fully understand the potential of
ascorbic acid as an additional intervention in the treatment of
Escherichia coli infections.
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