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ABSTRACT

It is possible that antimicrobial peripherally inserted central catheters, also known as central catheters, will lower the rate of
bloodstream infections caused by central lines. This is because piccs, which are also known as central catheters, are inserted
into the peripheral arteries. Using an in vitro biofilm colonization model, we evaluated the antimicrobial efficacy of a novel
gendine-coated (combination of chlorhexidine [chx] and gentian violet [gv]) picc. In this study compares piccs that have
been pretreated with minocycline/rifampin (m/r) and cholex. Rabbits were used in the research for this model. For a period
of four days, rabbits were implanted with peripherally inserted central catheters (piccs) in their jugular veins. These
catheters were either coated with gendine or left uncoated as a control. At the end of the four-day period, a histopathological
analysis was performed, A liquid chromatography-mass spectrometry measurement was done at various time points
throughout the experiment to determine the concentration of chx and gv in the blood. To test the antimicrobial, the strains of
methicillin-resistant staphylococcus aureus, vancomycin-resistant enterococci, Pseudomonas aeruginosa, Escherichia coli,
Acinetobacterbaumannii, Enterobacter cloacae, candida albicans, and candida glabrata were isolated from clinical
samples. In rabbits, gendine-coated piccs demonstrated a significantly lower rate of thrombosis and inflammation following
simulated intravascular indwellings of 24 hours and 1 week compared to uncoated controls. This was the case when
comparing the two groups of rabbits. During the entirety of the research project, not a single instance of gv was discovered
in any of the blood samples; on the other hand, chx was discovered in extremely low concentrations. From 24 hours to 1
week, all pathogens were completely prevented from adhering to the gendine-coated piccs (p 0,001), whereas it was not
prevented on the m/r-treated, chx-treated, or control piccs. Piccs that had been coated with gentine were found to be very
effective at preventing the formation of biofilm by multidrug-resistant bacterial and fungal pathogens. This was
demonstrated by the fact that no biofilm was found on the piccs. Piccs with a gendine coating were found to be
biocompatible when used within the intravascular environment. In addition, from pharmacokinetic testing, it was
determined that chx and gv were well within safe limits during acute systemic exposure from the gendine-coated catheters.
This was determined by the fact that the acute exposures were measured in milligrams per kilogram of body weight. This
was proven by the fact that the levels were located well within the acceptable ranges for safety.
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INTRODUCTION
The use of peripherally inserted central catheters improving the quality of wvascular care among
(piccs), such as the indwelling central line, is key to hospitalized and critically ill patients has recently been
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increasing. This is because piccs allow for prolonged
vascular access, which is essential for the delivery of
chemotherapy, dialysis, nutrition, and a wide variety of
other diagnostics and medications [1]. In spite of the fact
that they have the potential to save lives, peripherally
inserted central catheters, also known as piccs, have been
associated with bloodstream infections known as central
line-associated bloodstream infections, or clabsis [2—-4].
These infections can cause hospital stays to last longer,
which in turn leads to an increase in both costs and
mortality rates [2, 5]. Patients who are in critical
condition have a rate of 2.1 infections related to piccs for
every 1,000 catheter days (4). According to the findings
of a meta-analysis that was carried out not too long ago
on clabsis associated with piccs, it was discovered that
picc-associated clabsis occur in hospitalised patient
settings at the same frequency as those associated with
central venous catheters (cvcs). This research was carried
out on clabsis associated with piccs [6]. It was recently
estimated by the centers for disease control and
prevention (cdc) that there were 18,000 clabsis that took
place 23,000 cases of clabsi occurred in patients outside
of intensive care units (icus), according to the CDC.
Additionally, 2009 in the United Kingdom was estimated
to have recorded 18000 cases of clabsis in intensive care
units. [7]. In addition, there were 37,000 cases of clabsi
that were reported among patients in 2008 who were
receiving hemodialysis treatment in an outpatient setting
[7]. Only among cancer patients are there at least 400,000
new cases of clabsi reported each year [8] , and estimates
place the total annual cost anywhere from $296 million to
$2.3 billion [9,~11].

Recently revised guidelines [3] published by the
centers for disease control and prevention acknowledge
the important role catheters with antimicrobial coatings
have in helping to prevent device-associated infections
during intensive care. In response to this
acknowledgement, the cdc upgraded their
recommendations for the use of these catheters to the
highest level possible (1a). Using catheters coated with
minocycline and rifampin (m/r), it has been demonstrated
that catheter-related bloodstream infections (clabsi) are
less likely to occur. Chryxidine and silver sulfadiazine
(chx/ss) antimicrobial catheters were shown to reduce the
rate of catheter-related bloodstream infections in a
clinical trial that was conducted nearly two decades ago
[12]. The trial was randomised and prospective, and it
was conducted in the united states (clabsi). On the other
hand, in a more recent and more extensive randomised
prospective trial, these catheters were unable Clabsi rates
should be significantly reduced [13, 14]. It has not been
studied empirically to determine whether it decreases
clabsi rates. Recent advancements have included a picc
that is treated only with chx [15]. A number of in vitro
studies have also found that m/r- and chx-treated piccs,
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whether commercially available or not, may not
effectively deter gram-negative bacteria such as
pseudomonas aeruginosa and fungi such as candida
species from colonizing catheters. This was found to be
the case despite the fact that these piccs are marketed to
reduce the risk of catheter colonisation caused by these
pathogens. This is the inference that one can make after
taking into account the findings of the studies [16]. As a
consequence of this, there is an ongoing need for a picc
that is either impregnated or coated with an antimicrobial
agent and Gram-negative bacteria and fungi are
susceptible to its effects.

In order to meet this demand, we came up with a
brand new picc that was coated with gendine, which is a
combination of gentian violet and chlorhexidine. In a
well-established model of bio-film colonisation, A
comparison was made between its antimicrobial
effectiveness and durability against pathogens isolated
from our hospital that are highly pathogenic and resistant
[10]. In addition, we compared it with commercially
available piccs that are m/r- and chx-treated. It is
important to consider the biofilm colonisation model
since microbial adherence to indwelling catheter surfaces
leads to formation of a biofilm over a complex process
that includes primary adherence, cell-to-cell interactions,
colony formation, and maturation of the biofilm [17].
Polysaccharides, proteins, and nucleic acids constitute the
majority of polymeric materials found in biofilms, which
are extremely complex communities. Biofilms can be
found in a variety of environments, including marine,
freshwater, and soil [18]. These biofilms have the ability
to hold onto nutrients for their constituent cells while also
shielding those cells Antimicrobial agents and host
immune responses [19]. Biofilms are clinically
significant because they are responsible for more than
eighty percent of microbial infections in the body. There
is a correlation between the formation of biofilms and as
many as sixty percent of all microbial infections [20];
biofilms are clinically significant because there is a
correlation between the formation of biofilms and as
many as sixty percent of all microbial infections [21]. A
histopathological examination was performed and
circulating antiseptic levels in the blood were analyzed
using liquid chromatography-mass spectrometry to test
the acute biocompatibility of the gendine-coated catheter
in vivo in a rabbit intravascular model. This was done in
order to determine whether or not the catheter would be
safe to use in a live animal. This was done in order to
establish whether or not the catheter could be used
without causing any harm.

MATERIALS AND METHODS
A step-by-step process was used to apply the coating
of gendine to the catheter.
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Following extrusion, gendine-coated
polyurethane intravenous catheters (piccs) were produced
by putting polyurethane piccs through a specialised
sequential treatment process. This was done in order to
create the catheters. As a direct consequence of this,
gendine was incorporated not only into the walls of the
catheter but also into its luminal and external surfaces.
Gendine was produced by combining gentian violet,
which was available for purchase from sigma-aldrich in
st. Louis, missouri, and chlorhexidine (sigma-aldrich). In
the research being conducted, both the controls and the
comparators were in the form of polyurethane piccs that
were readily available for purchase. At the radiation
facility of the md anderson cancer center, piccs that were
either uncoated or coated with gendine were gamma-
sterilized in order to remove any potentially harmful
bacteria. Piccs that had been sterilised with m/r or chx
prior to packaging were kept in a sterile environment.
Biofilm colonisation acts as a testing ground for
determining the Genentech-coated catheter antimicrobial
efficiency at baseline. This is done by exposing the
catheters to the biofilm.

The following catheters were tested using a
biofilm colonisation model to determine whether or not
they had A comparison of catheters treated with M/R,
Chx, and Gendine for their ability to prevent biofilm
formation [16, 22]. In a study performed on piccs
uncoated, m/r-treated segments, chx-treated segments,
and gendine-coated segments, researchers assessed their
ability to inhibit the formation of biofilm by methicillin-
resistant staphylococci (mrsa) strain mdacc4798 and
vancomycin-resistant enterococci strain  mdacc3238.
Aeruginosa strain mdacc4689, and Escherichia these
isolated strains originated from patients who were
infected at our medical facility and were collected from
those patients. At the beginning of the procedure, there
was a sterile 24-well tissue culture plate containing one
milliliter of human donor plasma, along with triplicate
picc segments. This was done so that the formation and
binding of blood proteins could be improved. After that,
the plates were heated to 37 degrees celsius and left there
for a full day. We then removed the plasma from the
incubation and replaced it with mueller-hinton broth
containing 5.0 x 105 cells from diverse species of
organisms. This continued until the completion of the
incubation process. After that, this mixture was allowed
to continue to incubate for another twenty-four hours.
After the incubation period was complete, the microbial
inoculum was discarded, and the segments were washed
by shaking them for thirty minutes in one milliliter of
sterile saline that contained 9.9 percent sodium chloride.
Following the removal of the segments using sterile
sticks, they were suspended in 5 milliliters of saline
solution containing a concentration of 0.9% and
subjected to sonication for a period of 15 minutes. During
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the process of sonication, a five-ml wash in dey/engley
(d/e) neutralizing broth was also used to test the catheter
segments in an effort to stop any antiseptic activity that
may have been left behind. This was done in an effort to
prevent any cross-contamination from occurring [23, 24].
After sonication, each sample was given a 5-second spin
in a vortex. Next, 100 | of liquid from each segment was
serially diluted and spread onto a plate containing
trypticase soy agar with 5% sheep blood. Finally, the
plate was incubated at 37 degrees celsius for 24 hours.
This was done in order to facilitate the performance of a
for yeast, we used sabouraud dextrose agar to culture the
cultures. After that, the plates were put in an oven at 37
degrees celsius for twenty-four hours while they were
turned upside down, and then the growth of the colonies
was measured. Five colonies were required as the bare
minimum for any detection to be made. The experiments
were carried out a total of three times, which resulted in a
total of six distinct segments.

The durability of the protection against biofilm
colonisation offered by the gendine coating that is
applied to catheters

Following an incubation period of one week in
serum, We tested the length of time it takes for MRSA,
VRE, and P to inhibit the formation of biofilm on
uncoated control, m/r-treated, and chx-treated gendine-
coated picc segments. NOSA, |E. Coli, A. Baumannii, E.
Cloacae, K. Pneumoniae, C. Albicans. To simulate the
release of biological antimicrobial agents from an
indwelling picc, 12 segments of each picc were soaked in
serum for ten milliliters and incubated at 37 degrees
Celsius for seven days. Simulating the release of a PICC
was done in this way. The serum samples were removed
after a week, then put through a series of tests to
determine the degree to which the antimicrobial activity
of the samples was still present after being subjected to a
biofilm colonization model [16, 22].

Examination of the product's viability in living
organisms (in vivo)

The facility at the md anderson cancer center
that is dedicated to the conduct of research involving
animals was utilised for the study. As was discussed in
the previous section, the in vivo model consisted of a
living rabbit [25]. New zealand women (female) white
rabbits ranging in weight from 2.5 to 3.5 kg were used in
the experiment after being acclimatised to the
environment for a week. The hygienic procedures of
surgery were carried out in a room designated
specifically for that purpose, known as an operating
room. After the rabbits were initially put under general
anaesthesia with isoflurane at a concentration of 5
percent, they were subsequently intubated and given
isoflurane for their local anaesthesia (0.8 to 1.5 percent).



Dr. ParijalyothiPrakash. / ActaBiomedicaScientia. 2014; 1(4): 200-210.

After bluntly dissecting the subcutaneous tissue to expose
the jugular vein in each rabbit and making Rabbits are
shaved at the right jugular groove using a small incision,
gamma-sterilized 5-french picc catheters were then
inserted through the incision. The catheters were
approximately 15 centimetres (about 6 inches) long.
After isolating the jugular vein, a complete wrapping of it
was accomplished with a silk suture of the 3-0 size. An
incision was made in the vein, then the catheter was
guided toward the heart by inserting it in the jugular vein
after the vein had been cut. The incision was stitched
back together with the assistance of some surgical glue.
First, surgical glue was used to secure the catheter in
place at the site of the venous incision. Next, the catheter
was tacked to the muscle to further ensure that it would
not shift out of place. Using a trocar, the remaining
portion of the catheter was threaded through the skin and
tunnelled subcutaneously to the dorsal scapular region.
After that, it was affixed to the muscle tissue that lay
beneath the skin, exteriorized via a Sutured under the
skin after ligating and stapling the incision.

Both herds of rabbits were kept apart from one
another for their own safety (a and b). Piccs coated with
gendine were inserted into the jugular veins of three
rabbits in group a, while Two rabbits were implanted
with uncoated control piccs in group b. The results of this
study are presented below. The exact same procedure
was carried out on both groups. We took the temperatures
of the rabbits, as well as measurements of their body
weight loss, the amount of food and water that they
consumed, as well as their overall intake. In order to
obtain control samples of blood, the ear vein was
punctured 0 hours before the experiment began. This was
done before the catheters were actually inserted into the
patients. Following the insertion of the catheters, At 2,
24, 72, and 96 hours, blood samples were drawn from the
ear veins later respectively. After being centrifuged to
separate the plasma from the blood samples, the samples
were stored at a temperature of -80 degrees celsius in
order to determine their chlorhexidine and gentian violet
concentrations, they were analyzed by liquid
chromatography-mass spectrometry. They were then
presented with the results.

After they had passed away, rabbits were dissected
and histopathology was performed on them

After the rabbits were put to death by giving
them an overdose of euthanasia medication
intravenously, complete necropsies were performed on
their bodies to determine what had caused their deaths.
When collecting the tissue samples, a sterile surgical
technique was utilised at all times to ensure patient
safety. It was done to collect A tissue sample from the
dorsal scapular area, derived from the jugular vein and
the subcutaneous tunnel then it was done to place those
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tissues in formalin and glutaraldehyde at a concentration
of five percent. Each tissue sample that was sent in was
An evaluation of the histological findings of paraffin
processed tissues, sections, and staining with
hematoxylin and eosin. Additionally, each tissue sample
had three cross-sections that were analysed for toxicity
and inflammatory infiltrate. When a pathologist
examined the sections of tissue that were taken from the
patient, they did so without being aware of which
treatment group the patient was in. Blinding was used for
both the person who collected the tissue and blood
samples as well as the pathologist, so neither of them
knew which kind of catheter was used in each rabbit.
This ensured that the results of the study would be
accurate. In addition to that, the rabbits were made blind.
The extent of the inflammatory response was evaluated
based on the number of inflammatory cells that were
counted, which served as the basis for this evaluation.

Using liquid chromatography and mass spectrometry,
an investigation of chlorhexidine and gentian violet
was carried out

The analytical technique known as liquid
chromatography-tandem mass spectrometry (lc-ms/ms)
was utilised in order to recognise and quantify both
chlorhexidine (chx) and gentian violet (gv). This method
was carried out with the assistance of an
ultraperformance liquid chromatography apparatus - a
waters acquityultraperformance liquid chromatography -
coupled to a waters xevotg-s triple quadrupole mass
spectrometer that was situated in milford, massachusetts
and featured a temperature-controlled oven. The
temperature-controlled  oven  was  located in
phenomenexkinetex phenyl-hexyl column was the
analytical column that was used to chromatographically
separate the compounds. It had a particle size of 2.6
microns and dimensions of Torrance, California, 2.1 by
100 millimeters. We employed a linear gradient
consisting of water (@) 0.1 percent formic acid and
acetonitrile (b) 0.1 percent formic acid. In 4.75 minutes,
the gradient went from being five percent b to being
ninety-five percent b. Through the experiment, the flow
rate and temperature were kept at 0.300 mL per minute
and 60 degrees Celsius, respectively. Ten minutes' worth
of time was required in order to finish the analysis in its
entirety. The retention time for chx was 3.29 0.1 minutes,
while the retention time for gv was 4.53 0.1 minutes.
When it came to the detection and quantification of chx
and gv, the precise mass transitions that were used were
253.2 to 170.0 and 372.2 to 356.4, respectively. The
protein in the plasma samples could be precipitated by
adding ice-cold acetonitrile to the plasma in a ratio of 1:1
volume-to-volume. This allowed the protein to be
separated from the plasma. The plasma samples went
through this process in order to analyse them. The chx
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and gv recovery rates were both significantly higher than
ninety percent. Following this step, a portion of the
sample that had previously been cleaned of protein was
transferred into an Ic sample vial so that it could be
analysed using lc-ms/ms. High-performance liquid
chromatography (hplc) was conducted on rabbit blood
samples with each analytical scientist blinded to the
catheter type.

Statistical analysis techniques and procedures

In order to make a comparison of the viable cfu
that were recovered from biofilm colonisation model
tests, the kruskal-wallis test was first applied to each
organism. The purpose of this was to determine whether
or not there was a significant difference between the
organisms Awilcoxon rank sum test was used to assess
the significance of a significant result in the test to those
found on the other types of catheters, including chx-
treated catheters, m/r-treated catheters, and uncoated
control catheters. The levels of the post hoc pairwise
comparisons were adjusted using holm's sequential
bonferroni method in order to lower the probability of
making a type i error. A two-way nonparametric analysis
of variance was utilised in order to make comparisons of
colony forming units (cfu) between the different kinds of
catheters (ANOVA). From week 0 through week 1, this
was done so that an evaluation could be made regarding
how stable the prolonged biofilm inhibition was. All of
the tests, with the exception of the specific pairwise
comparisons that we carried out, were divided into two
parts, and a significance level of 0.05 was applied to each

one. In every one of the statistical analyses, the version
9.3 of SAS was the software that was utilised (SAS
institute, INC., CARY, NC).

Results
In this study, the pharmacokinetics of chlorhexidine
and gentian violet were investigated using the LC-MS
technique

Plasma collected from rabbits with gendine-
coated catheters as well as plasma spiked with gentiana
violet and chlorhexidine standards both produced results
that showed the presence of chlorhexidine and gentian
violet without the presence of any interfering peaks. This
was the case regardless of whether the plasma was spiked
with the standards or collected from rabbits. In the range
of 0.05 ng/ml to 2.5 ng/ml, the linear correlation curve
was observed and the correlation coefficients were
calculated for chlorhexidine and gentian violet,
respectively, were 0.9937 and 0.9995. At their respective
concentrations, 0.05 ng/ml was found to be the level
below which chlorhexidine and gentian violet could be
distinguished from background noise. After two hours,
the mean concentration of chx was 0.91 ng/ml; after 24
hours, it was 1.08 ng/ml; after 72 hours, it was 0.41
ng/ml; and after two days, it was 0.29 ng/ml. At two
hours, it was 0.91 ng/ml; at 24 hours, it was 1.08 ng/ml;
at 72 hours, it was 0.41 ng/ml (at 96 h). After conducting
the necessary tests, the researchers found that none of the
plasma samples contained any detectable levels of the
gene gv (table 1).

TABLE 1: Chlorhexidine and gentian violet concentrations in plasma as assessed by liquid chromatography/mass
spectrometry
Rabbit group? CONCN (ng/ml) at time (h):
0 2 24 72 96
CHX | GV | CHX GV | CHX GV | CHX GV | CHX GV
Control rabbits
#1 0.00 | 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00 0.00
#2 0.00 | 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00 0.00
Mean + SD | 0.00 | 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00 0.00
GEN-rabbits
#1 0.00 | 0.00 | 0.92 0.00 | 0.60 0.00 | 0.40 0.00 | 0.32 0.00
#2 0.00 | 0.00 | 0.92 0.00 | 2.28 0.00 | 0.52 0.00 | 0.40 0.00
#3 0.00 | 0.00 | 0.88 0.00 | 0.36 0.00 | 0.32 0.00 | 0.16 0.00
Mean+SD | 0.00 | 0.00 | 0.91+0.02 | 0.00 | 1.08 +1.05 | 0.00 | 0.41+0.10 | 0.00 | 0.29+0.12 | 0.00

8the rabbits that were used as the control group
had catheters inserted into their jugular veins that did not
have any kind of coating on them. Two rabbits were
utilized for the purpose of functioning as the control
group. In order to carry out the experiment on the GEN-
rabbits, catheters covered in gendine were inserted into
the rabbits' jugular veins. The standard procedure called
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for there to be three rabbits in the experimental group. In
order to get ready for inserting the catheters at the
beginning of the experiment (0 h), blood samples were
taken at the beginning of the experiment. In their
respective tests, chlorhexidine (CHX) and gentian violet
(GV) each had a detection limit of 0.5 pg/ml as their
lowest possible concentration.
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DISCUSSION

According to the findings of our research,
gendine-coated catheters Coated catheters have been
found to reduce the formation of biofilms and the
subsequent colonization by multi-resistant Gram-positive
and Gram-negative bacteria and fungi significantly more
than uncoated catheters. In addition to these
microorganisms, P. aeruginosa, E. coli, A. baumannii, E.
cloacae, C. albicans, and C. glabrata (P 0.0001).
Furthermore, the gendine-coated catheters provided a
significantly higher antibiofilm activity and proved to be
significantly better than the M/R and CHX-treated
catheters that are commercially available against the
majority of the pathogens that were examined. These
findings were based on a comparison of the catheters'
antibiofilm activities and levels of effectiveness. After a
week of immersion in serum, Genedine-coated catheters
prevented the formation of biofilm significantly better
than those treated with traditional M/R and CHX
colonisation by a variety of nosocomial pathogens. This
was determined by testing the catheters. This was the
case when examining the similarities and differences
between the three varieties of treated catheters.

In large prospective randomised trials [26, 28,
29] M/R-treated catheters were observed to provide
prolonged antimicrobial activity in vitro [26], had
excellent activity against multidrug-resistant
staphylococci [27], and completely prevented CLABSIs
caused by staphylococci in the pilot study [28]; however,
M/R-treated catheters were not completely effective in
preventing CLABSIs caused by Gram-negative bacteria,
such as Klebsiellapneumoniae, Entero. Between 1986
and 1999, 14% to 19% of all CLABSI cases in the United
States were caused by Gram-negative bacteria. Between
2004 and 2008, 28% of all CLABSI cases in the United
States were caused by Gram-negative bacteria. There was
an increase of 19 percent between the years of 1986 and
1999 in the number of CLABSI cases. [32]. The
mortality rate associated with health care-associated
candidemia is reported to range between 38 and 49
percent. Candida species account for approximately 15
percent of all CLABSIs. This information comes from
various sources [33]. Therefore, our cutting-edge
gendine-coated catheter has the potential to be helpful in
preventing catheter-related infections caused by Gram-
negative bacterial CLABSIs along with Gram-positive
bacterial and fungal catheter-related infections. This is
because gendine is known to inhibit the growth of Gram-
negative bacteria.

Gendine is constructed out of its two constituent
chemicals, which are gentian violet and chlorhexidine.
The gentian violet dye is a triphenylmethane compound
that has properties that are effective against bacteria,
fungi, and helminths. Since a significant number of years
ago, gentian violet has been used all over the world
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Patients suffering from oropharyngeal candidiasis can use
it as an oral rinse. Skin lesions around the neonatal oral
cavity are the most common reason for using this
method. A wide variety of medical applications have
been accomplished with the help of these applications. It
has  been  demonstrated that the  cationic
polybiguanidechlorhexidine  possesses  antimicrobial
activity. In addition to this, it has been implemented in a
wide variety of different medical contexts. As a hand
scrub and for disinfecting surgical sites on the skin, a
solution of chlorhexidine and alcohol is used [37, 38].
[37, 38]. In addition, studies have shown that the use of
chlorhexidine in the treatment of infections of the
umbilical cord in newborns is effective [39-41]. In
addition to this, chlorhexidine has been infused into latex
gloves through a process known as the impregnating
process [42]. Chlorhexidine is one of the two
antimicrobial components that are found in gendine. It is
the one that makes the outer membranes of pathogens
more permeable, which in turn causes the contents of
their cells to leak out. Gendine is used to treat a variety of
bacterial infections [43]. One of the mechanisms by
which gentian violet inhibits DNA replication is that it
induces cell penetration and DNA binding. The formation
of hydroxyl and perhydroxy radicals is the mechanism
that enables this to take place [44, 45]. Despite the fact
that chlorhexidine and gentian violet each have their own
unique mechanisms of action, our hypothesis is that In
combination with gentian violet, chlorhexidine leads to
an increase in permeability.

A new antiseptic combination, gendine, that is
not commonly used for treating systemic infections, is
expected to prove more effective than current catheter
treatments and may lead to a decrease in the likelihood of
antibiotic-resistant pathogens evolving. A systemic
infection cannot be treated with gendine. In addition,
there have been reports in recent times of pathogens that
are becoming increasingly resistant to chlorhexidineon its
own. This is something that is happening more and more
frequently. There have been reports of chlorhexidine
resistance in Chlorhexidine is resistant to Gram-negative
bacteria like P. aeruginosa, A. baumannii, K.
pneumoniae, and E. coli [46-48], as well as MRSA
isolates have been found to be resistant to chlorhexidine.
In addition, there have been reports of chlorhexidine
resistance in Gram-positive bacteria such as K.
pneumoniae [48]. In addition, recent reports have
indicated that clinical isolates of A. baumannii have
demonstrated increases in the minimum inhibitory
concentrations (MICs) that chlorhexidine requires in
order to beeffective against the bacteria [49]. In this case,
the CHX PICC, which contains only chlorhexidine, not
only does not effectively fight pathogens with resistance
to chlorhexidine, but also poses a threat to causing
infection in other parts of the body but it also helps to
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contribute to the development of pathogens that are
resistant to chlorhexidine. In point of fact, the findings of
this study shed light on the restrictions placed on the
effectiveness of the CHX PICC in combating multidrug-
resistant Gram-negative and fungal organisms. [Citation
needed] [Citation needed] In contrast, the gendine-coated
PICC not only had The gendine-coated catheter has
significant antimicrobial efficacy, but also a low risk of
developing chlorhexidine-resistant bacteria and fungus as
a result of being used in conjunction with antiseptic
treatment.

Our rabbit model was found to have very low
levels of chlorhexidine pharmacokinetics, with
concentrations between 0.29 and 1.1 ng/ml over a four-
day period. These results were obtained after
administering the drug to the rabbits over the course of
four days. These levels of chlorhexidine were a
considerable amount lower than the level that earlier
research had shown to be safely tolerated by the body.
After an umbilical cord disinfection treatment with
chlorhexidine at a concentration of one percent for a
period of nine days, the 23 newborns were tested and 32
ng/ml of chlorhexidine was detected in their blood. In
this case, the treatment was administered to the 50
infants. The results of a more recent study revealed that
our children exposed to chlorhexidine had chlorhexidine
levels of up to 4.5ng/ml in 23 of their blood samples, and
17ng/ml in 15 of them. By analyzing the chlorhexidine
levels in the children's blood [51] it was determined that
the children had been exposed to chlorhexidine.
Chlorhexidine was detected in the blood of 34 out of 96
patients after they were washed with 0.2 percent
chlorhexidine solutions after vaginal washing. Levels
varied between 10ng/ml and 83ng/ml in the blood
samples. This was in response to the fact that the levels
of chlorhexidine were found to be present in the vaginal
washing solution. These levels ranged anywhere from ten
to eighty-three ng/ml [52]. In another study, researchers
found that ten out of twenty infants who had received
chlorhexidine antiseptics at a concentration of 2 percent
just prior to the insertion of a PICC line [53] had
detectable levels of chlorhexidine in their serum, ranging
from 1.6 to 206 ng/ml. This was the case even though the
infants had received the chlorhexidine antiseptics just
prior to the insertion of the PICC line. Chronic exposure
levels to chlorhexidine from the gendine-coated catheter
will likely be equivalent to those of catheters in general.
Blood samples from this patient did not contain any
gentian violet.

The antimicrobial testing that was done for our
current gendine-coated catheter study was performed
using a quantitative biofilm colonisation model. This is
one of the most significant differences between our
previousgendine-coated catheter study [22] and the study
that we are currently conducting. Our team has reported

206 |Page

in the past [22—24, 34] that address the design of devices
treated with gendine including endotracheal tubes, CVCs,
urinary catheters, and gloves made of various polymers.
A wide variety of bacteria and fungi were shown to be
effectively inhibited by the gendine coating of these
devices [22-24, 34]. Moreover, an infusion of gendine
into rabbit urinary catheters significantly reduced urinary
tract infections (54) that was put through an E. coli test.
This was the case even though the rabbit was exposed to
the bacteria.

Although there is a slight difference in
inflammatory changes between the uncoated control
catheters and the gendine-coated catheters, based on the
variety and number of samples that were examined, there
does not appear to be any treatment-related effect.
Although the thrombotic and inflammatory changes
observed in the untreated control catheters tended to be
worse when compared to that observed in the gendine-
coated catheters, despite the fact that there were
overlapping variations. This was the case despite the fact
that there were overlapping variations. It has been
demonstrated that gentian violet has the ability to inhibit
NADPH oxidases in mammalian cells, which ultimately
leads to an inhibition of NF-kB and anti-inflammatory
activity [55]. It's possible that this is one of the factors
that leads to the phenomenon.

The presence of gentian violet was investigated
using blood samples taken from rabbits, but no detectable
levels of the pigment were found in the rabbits' blood.
Based on these findings, it appears that very little to no
gentian violet is absorbed or accumulated in the blood. It
was reported that hundreds of thousands of people in
South America [55] used gentian violet as a direct
additive to their blood at concentrations of 0.6 mM
(>200,000 ng/ml) in order to prevent the transmission of
Chagas disease [45, 56]. This was accomplished without
any major adverse effects, and the patient tissues were
only stained in a reversible manner. In a clinical trial that
involved seventy elderly patients and looked at the
topical treatment of full- and partial-thickness wounds
with one percent gentian violet, more than ninety percent
of the wounds were completely healed. There were no
adverse effects linked to the gentian violet, and the
wounds completely healed in more than ninetieth of the
cases [57]. A recent study reports the clinical use of
gentian violet at concentrations of less than 0.1 percent in
the treatment of complex dermatology patients and in the
treatment of skin cancer [55], and this was found to be
safe and effective.

The conclusions that can be drawn from this
research are hampered by a number of factors. To begin,
the microbiologist who took part in this study and was
responsible for conducting the biofilm colonization
experiment on catheters did not have their eyes covered
during the process. Second, the primary objective of the
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in the study, chlorhexidine and gentian violet were tested
for their acute toxicity. This was the primary reason for
conducting the research. In the future, we are going to
investigate how chronic toxicity affects the prolonged
implantation of catheters and see what effects it has.
Specifically, we are going to look into the effects that it
has.

CONCLUSIONS

PICCs that had been treated with gendine M/R
and CHX significantly outperformed PICCs that were
commercially available in terms of preventing a wide
variety of highly pathogenic Gram-positive and Gram-
negative bacteria and fungi from forming biofilm on the
PICCs. This was the case in terms of preventing the
formation of biofilm. The fact that both of these
treatments were already available on the market did not
change the outcome of this situation. Chlorhexidine and
gentian violet acute exposures from gendine-coated
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