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Peritoneal dialysis (PD) is a well-established renal
replacement therapy (RRT) for end-stage renal failure
(ESRF)!") and offers certain clear advantages over
hemodialysis!*. However, PD is often associated with a
high risk of infection of the intraperitoneal cavity,
subcutaneous tunnel and catheter exit site, which may
subsequently form microbial biofilms!'. Generally, a
majority of PD patients suffer from bacterial and fungal
infections and if the infection(s) is diagnosed timely,
they can be resolved by appropriate antibiotic treatment.
However, the immune system of ESRF patients
continuing on PD may have been compromised and
infections are as frequent as once every 10-15 weeks
necessitating frequent use of conventional antimicrobial
drugs, which may cause emergence of drug resistance.
Further as, higher doses of antibiotics are often required
for such infections, this may cause intolerable toxicity.
Moreover, infections, if correct it as "not resolve and
sustain" for a week or more, may lead to infectious
peritonitist'), which severely affects the functioning of
the peritoneal membrane, and its resolution may require
hospitalization of the patient.

Clinically, treatment of infectious peritonitis involves
rapid resolution of infection by eradicating the causative
organism(s) and the preservation of peritoneal mem-
brane function. However, in the majority of severe
cases, treatment may fail to resolve the condition even
after intravenous and intraperitoneal antibiotics and the
patients are switched to hemodialysis, either tempora-
rily or permanently!'*). Switching to hemodialysis is
undesirable because of complications associated with
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temporary vascular access, reduced patient autonomy
and increased medical costs!'*). Infectious peritonitis is
not only the major cause of technique failure, but also
the leading cause of mortality and morbidity in PD
patientst!). Therefore, there is an urgent need to improve
the existing PD technique in terms of its efficacy against
infections and in vivo adequacy during long-term PD; so
that, the frequency of PD associated infections could be
reduced during prolonged PD and thereof to reduce the
traumatic and life-threatening episodes of infectious
peritonitist'l. Practically, this can be achieved through
developing infection resistant PD fluid composition
which could provide long term protection against a
variety of PD associated infections by bacteria,
mycobacteria, fungi or viruses. The key requisite to
develop such an efficient and novel composition is that
the composition should contain some antimicrobial
agents with novel mode of action and multiple
molecular targets to tackle microbial resistance.
Furthermore, these antimicrobial agents should preserve
their efficacy and adequacy (i.e. biocompatibility and
non-cytotoxicity) during their frequent and long-term
use.

Antimicrobial nanoparticles, especially metal (e.g.
gold, silver, titanium and bismuth) and metal oxide (e.g.
zinc oxide, titanium oxide, etc.) nanoparticles would be
of immense interest owing to their exclusive antimicro-
bial activity against a variety of infections and potential
wound healing and anti-inflammatory properties'* 1,
Metallic nanoparticles have been researched extensively
in the past and some of their classes have been found to
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be very effective in terms of their antimicrobial and anti-
biofilm properties®). Mechanistically, these nanoparti-
cles produce their antimicrobial activity through affect-
ing multiple pathways'®!. Thus, many concurrent
mutations would have to occur to develop resistance
to these nanoparticles’®’. Therefore, antimicrobial for-
mulations based on these nanoparticles could be
administered frequently as required to manage recurrent
and persistent infections during long-term PD with
reduced risk of developing resistance. Studies have
demonstrated that naturally occurring bacteria do not
develop antimicrobial resistance against metallic nano-
particles™); even some of their classes have the potential
to eradicate multidrug-resistant infections when these
are used in combination with antibiotics* >, Likewise,
some classes can limit biofilm formation either
independently or in combination with antibiotics.
Owing to such broad spectral antimicrobial properties
and activity against biofilms and formidable multidrug
resistant pathogens, metallic nanoparticles are finding
their potential applications as antimicrobial agents and
disinfectants to improve several biomedical devices,
pharmaceutical products and healthcare interventions
including medicines™>!. Based on these attributes, the
use of metallic nanoparticles can also be envisaged for
developing infection resistant composition of PD fluid
(as depicted in Fig. 1A4). The particular advantage of
employing metal based antimicrobial nanoparticles in
this translational research endeavor is that these can be
filter-sterilized and added directly to the PD fluid for
long term storage and prolonged shelf life!®!. Further
more, these can easily withstand temperature variations
(ranging from 4°C to 50°C, which is generally
encountered during transportation and storage of
medical products), under which conventional antibiotics
may inactivate or degrade. Moreover, the preparation of
nanoparticles is cost-effective and relatively simple
compared to antibiotics synthesis!* ",

Metallic nanoparticles of varying sizes, shapes, and
properties can be synthesized using variety of chemical
and physical methods. However, these methods often
lead to the presence of some toxic chemicals adsorbed
on the surface and, if are used in pharmaceutical
products or biomedical applications, these could
produce intolerable toxicity and adverse effects to
humans'®!. This is not an issue when it comes to
biologically synthesized nanoparticles, i.e. those
synthesized from biomaterials derived from micro-
organisms or plant parts following green chemistry
approach!®. Green synthesis of nanoparticles (using
either plant products or microorganisms) is considered
as environmentally benign and cost-effective replace-
ment to the toxic chemical and physical methods.

Compared to plant mediated synthesis, the synthesis
of nanoparticles using microorganisms is relatively
more tedious and time consuming process, as it requires
more steps in maintaining cell culture, longer incubation
time for intracellular reduction of metal ions and more
steps to purify synthesized nanoparticles. On the other
hand, plant mediated green synthesis of nanoparticles is
relatively simple and provides several clear advan-
tages?! like (a) extracellular and rapid biosynthesis as
water soluble phytochemicals reduce the metal ions in a
much shorter time, (b) no need to maintain time-
consuming microbial cultures and purification steps as
required in microbial mediated biogenic synthesis, (c)
preparation is safe to handle and is free from problems
arising due to microbial contamination, (d) cost
effectiveness as the use of plant extracts reduces the
cost incurring in maintaining microbial cultures and to
isolate and purify the synthesized nanoparticles in
multiple steps, and (e) availability of broad variability of
metabolites that may aid in reduction. The generalized
flowchart for plant mediated nano-biosynthesis is
shown in Fig. 1B.

Studies have shown that biologically synthesized
nanoparticles exhibit better biocompatibility and less
cytotoxicity compared to their counterparts prepared
using chemical or physical methods®!. Here, I envisage
that metal nanoparticles synthesized biologically can
also be used to impart infection resistant properties to
peritoneal dialysis fluid owing to their relatively low in
vivo toxicity and higher biocompatibility. A recent study
has shown that zinc oxide nanoparticles synthesized
biologically exhibit significantly higher biocidal activity
against various pathogens when compared to chemi-
cally synthesized ZnO nanoparticles!?). Such prelimin-
ary studies suggest that biologically synthesized
nanoparticles have huge potential to address future
medical concerns. However, before putting these
nanoparticles into human healthcare actions, the key
step is to rule out their nano-toxicity and adverse effects
on long-term exposure. Therefore, efforts are required
to evaluate their pharmacology through conducting
dose dependent as well as time of exposure dependent
ex vivo and in vivo studies on human cell lines and
animal models. After successful evaluation of preclini-
cal efficacy and toxicity, nanoparticles showing favor-
able in vivo pharmacology response can be envisaged to
develop infection resistant composition of peritoneal
dialysis (PD) fluid. Simply, this will be achieved
through adding non-toxic doses of these nanoparticles
into different types of PD fluids widely used in clinics
and subsequently, evaluating (a) their efficacy against
variety of healthcare associated infections, (b) in vivo
adequacy, and (c) time stability to ensure their long-term
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Fig. 1 A: Pictorial illustration for developing infection resistant PD fluid composition through the use antimicrobial nanoparticles (AM-NPs).
B: Flowchart denoting the plant-mediated biological synthesis of nanoparticles. The acronyms AM, NPs, PD, UV, SPR, SEM, TEM, DLS, and
XRD used in (A) and (B) represent, respectively, anti-microbial, nanoparticles, peritoneal dialysis, ultraviolet, surface plasma resonance,
scanning electron microscope, transmission electron microscope, dynamics light scattering and X-ray diffraction.

storage and prolonged shelf life. Strategically, a good
start in this direction could be to evaluate the use of
nano-sized particles of zinc oxide (ZnO) which is
already listed as "generally recognized as safe (GRAS)"
by the U.S. Food and Drug Administration
(21CFR182.8991). Further more, various studies have
shown that ZnO nanoparticles exhibit antimicrobial
properties and is also used as food additive for its long-
term preservation'?!. Likewise, the use of other
antimicrobial nanomaterials safe to human beings (e.g.
preferably Copper or Silver oxide NPs) can also be
explored in the design of infection resistant PD fluid and
further to bring the resulted composition into clinical
use through performing meticulous translational
research. Important to mention here is that the new
PD fluid composition containing non-toxic doses of
metallic nanoparticles would be delivered directly into
the intraperitoneal cavity, therefore, intraperitoneal
uptake of these nanoparticles to other parts of the
body and thereof non-specific dissemination may lead
to unexpected toxicities, side effects and other compli-
cations. Therefore, before putting the new PD fluid
composition in clinical use, it would require careful
assessment of its pharmacology and pharmacoknietics.

In this regard, pharmacometabolomics, an emerging
application of metabolomics for deriving early pre-
clinical indications of efficacy and toxicity of pharma-
ceutical products, has huge potential to guide the
anticipated translational research endeavors.

Different from metal-based nano-particles, the use of
nano-scale antimicrobial materials derived from natural
biological substances, including oligo/poly-saccharide
based nanoparticles, liposomes, dendrimers, and etc.,
can also be envisaged in this translational research
endeavor. Further, the use of promising antimicrobial
nanoparticles in conjunction with novel antibiotic
agents can also be explored to manage multidrug
resistant pathogens and formation of biofilms during
long-term PD. The antibiotics can be added directly into
the PD fluid containing antimicrobial nanoparticles at
the time of intra-peritoneal instillation. Recently, Dr.
Yang's group and their collaborators from IBM
Research have co-developed a biodegradable, biocom-
patible and cost-effective hydrogel that can adapt
different shapes and can target variety of bacteria and
fungi responsible for healthcare associated infections ™.
The remarkable property of these hydrogels is their
ability to target multidrug-resistant biofilms and to
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eliminate naturally by the body owing to their
biodegradable nature. Therefore, these hydrogels
could also serve as useful starting material in this
endeavor i.e. to evaluate their clinically safe use for
eradicating intraperitoneal, catheter exit-site and sub-
cutaneous tunnel infections which are often caused by
microbial adhesion and subsequent biofilm formation
following episode(s) of infection.

In conclusion, necessity to improve the PD technol-
ogy for limiting frequent PD associated infections and
possibility to encompass the benefits of antimicrobial
nanoparticles synthesized biologically, have been dis-
cussed in a translation research perspective. Particularly,
the biocompatibility and cytotoxicity of metal based
antimicrobial nanoparticles are the key issues to be
addressed before putting them into clinical applications.
I foresee that this perspective article would definitely
appeal some of the biomedical researchers to put their
conscience efforts in the direction of developing
infection resistant PD fluid composition or nanotech-
nology based solutions targeting PD related biofilms for
its efficient and long-term management.

Acknowledgements

I would like to acknowledge Dr. Narayan Prasad
(Department of Nephrology, SGPGIMS, Lucknow-
226014), Dr. V Karthick (Nanoscience Division, Centre
for Ocean Research, Sathyabama University, Chennai-
600119) and Dr. Sudipta Saha (Department of Pharma-
ceutical Sciences, Babasaheb Bhimrao Ambedkar
University, Vidya Vihar, Raibareli Road, Lucknow-
226025, Uttar Pradesh) for all their useful suggestions

and critical comments while preparing this research
perspective.

References

[1] LiPK, Szeto CC, Piraino B, et al., and the International Society
for Peritoneal Dialysis. Peritoneal dialysis-related infections
recommendations: 2010 update[J]. Perit Dial Int, 2010, 30(4):
393-423.

[2] Kumar D. Use of biogenic nanomaterials to improve the
peritoneal dialysis technique: A Translational Research Per-
spective[OL]. arXiv org, 2015;1508.02200:1-13.

[3] Piraino B, Bailie GR, Bernardini J, et al., and the ISPD Ad Hoc
Advisory Committee. Peritoneal dialysis-related infections
recommendations: 2005 update[J]. Perit Dial Int, 2005, 25
(2): 107-131.

[4] Huh AJ, Kwon YJ. "Nanoantibiotics": a new paradigm for
treating infectious diseases using nanomaterials in the anti-
biotics resistant era[J]. J Control Release, 2011, 156(2): 128—
145.

[5] Taylor E, Webster TJ. Reducing infections through nanotech-
nology and nanoparticles[J]. Int J Nanomedicine, 2011, 6:
1463—-1473.

[6] Thakkar KN, Mhatre SS, Parikh RY. Biological synthesis of
metallic nanoparticles[J]. Nanomedicine, 2010, 6(2): 257-262.

[7] Kulkarni N, Muddapur U. Biosynthesis of metal nanoparticles:
a review[J]. J Nanotechnol, 2014, 2014(510246): 1-8..

[8] Li Y, Fukushima K, Coady DJ, et al. Broad-spectrum
antimicrobial and biofilm-disrupting hydrogels: stereocom-
plex-driven supramolecular assemblies[J]. Angew Chem Int
Ed Engl, 2013, 52(2): 674—678.



	Outline placeholder
	bmkcit1
	bmkcit2
	bmkcit3
	bmkcit4
	bmkcit5
	bmkcit6
	bmkcit7
	bmkcit8



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


