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Abstract

The renal system is one of the major organ systems present in the human body, it is responsible for maintaining
electrolyte balance, secreting important hormones, and maintaining homeostasis in the body. Every individual has 2
kidneys which are located behind the peritoneum at the level of L2-L3 from the vertebral column. Broadly kidneys
function to filter blood, purify it, and eliminate toxic waste. We propose a diagnostic test that evaluates the renal blood
flow rate in the kidneys and assesses their functioning based on their hemodynamics in the given time frame. Here we
aim to explore the application of nanoparticles to assess localized blood pressure in the kidney based on the illumination
intensity/radioactivity. Connexin40(Cx40) is a transmembrane protein present in juxtaglomerular apparatus, Cx40 gold
antibodies prepared can be conjugated with nanoparticles and introduced in renal circulation. Imaging technologies
such as fluorescence/computed tomography can be used to detect these nanoparticles. Once injected they can be
assessed and information on renal blood flow can be obtained. The intensity generated on screening can be used for
the assessment of renal blood pressure. This information will be valuable for the assessment of kidney function.
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BACKGROUND apparatus, proximal convoluted tubes (PCT), the loop
Kidneys are one of the major organ systems present. of Henle (LH) and distal convoluted tubes (DCT), and
They mainly function in the elimination of toxins and the collecting ducts [1-3].

maintaining electrolyte balance in the body. Nephrons

are the functional units present that are responsible for Blood first enters the glomerular apparatus via the
the filtration of blood [1-3]. A single nephron contains a afferent arteriole, here the blood gets rid of all the
bowman’s capsule (BC) containing the glomerulus toxins, and purified blood is sent back out of the

93


https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/issn/2708-9800
https://doi.org/10.47316/cajmhe.2023.4.2.04
https://orcid.org/0000-0001-6930-0501
https://orcid.org/0000-0003-4614-0001
mailto:drgdineshreddy@gmail.com
https://doi.org/10.47316/cajmhe.2023.4.2.04

Cent Asian ] Med Hypotheses Ethics 2023: Vol 4(2)

nephron through the efferent arterioles [4-9]. All the
toxins gathered in the bowman's capsule are
transferred to PCT, LH, and DCT. Here via the counter-
current mechanism between the nephron tubules and
blood vessels. The wurine formed gets more
concentrated and excessive electrolytes are drained off
in these tubules via the blood vessels. All the
concentrated urine is then transferred to the collecting
duct which transfers this urine to the urethra [4,7-14].

The afferent and efferent arterioles present in the
bowman’s capsule are essential in maintaining the local
renal blood pressure [15-17]. The blood pressure is
maintained with the help of the renin-angiotensin
mechanism and connexins. The former is responsible
for increasing blood pressure and the latter is
responsible for reducing blood pressure [17,18].
Kidneys have specialized connexin 40 (Cx40)
transmembrane channels that perform this function.
Connexin 40 proteins are a part of the juxtaglomerular
apparatus and directly influence the nuclear tractus
solitarius structure of the brain, which is responsible for
maintaining blood pressure throughout the body via the
baroreceptors [12,13,19].

In the past few decades, extensive research has been
dedicated all across the world, in light of the
development of kidney diseases (chronic and acute),
cancer, infections, etc. Disorders of the renal system
place a severe burden on people and also on health
care systems. Various research is underway in the
hope to tackle these problems. Nanoparticles have
provided an effective option for the treatment of this
disorder. A pilot study conducted by [20] used
lymphotropic nanoparticles for the assessment of renal
cancer using MRI. Here, the cancer grade and stage
were determined with the help of nanoparticle-guided
MRI [20]. Another study exploited the use of triptolide
mesoscale nanoparticles (TP-MNP) for the treatment of
renal ischemic reperfusion injury (IRI). The toxic effects
of triptolide were significantly reduced when
encapsulated with nanoparticles as compared to its
controls  [21]. In  another study based on
histopathology, the toxicity profiles of gold nanoparticles
were assessed in the liver, spleen, and kidney in mice.
The study revealed negligible toxicity caused by gold
particles in the kidney [22]. It has also been proposed
that the smaller the size of nanoparticles, more the
efficacy they tend to have. Based on this concept
another research team developed polyethylene glycol-
polylysine (PEG-PLL) gold nanoparticles and tested
them for photoacoustic imaging and computed
tomography [23]. This provided two advantages, firstly
being large gold nanoparticles can be injected into the
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circulation for efficient imaging studies and secondly the
large gold nanoparticles will be broken down by the
body into harmless products, giving small nanoparticles
that could enter the renal tissues, studied and swiftly
removed from the system [23]. Apart from nanoparticles
a study also evaluated the use of black phosphorus
quantum dots for photoacoustic imaging in renal tissues
[24]. Hence nanoparticles have various applications in
the treatment of renal disorders.

HYPOTHESIS

Here we propose to use connexin transmembrane
channels as a marker of localized blood pressure in the
region. In this experiment, each nanoparticle is
conjugated with a connexin 40 antibody (Cx-40
antibody) [25,26]. Nanoparticles are chosen due to their
relatively reduced biotoxicity and increased surface
area. The cx40 antibodies are also tagged with a
complementary immunofluorescent molecule that emits
fluorescence based on the expression of cx40. These
transmembrane channels are highly efficient in
reducing blood pressure and their activity can be
accurately tracked by nanoparticles.

Nanoparticles conjugated with anti-Cx40 antibodies can
be introduced into renal circulation via intravenous
routes or a continuous infusion procedure could be
folowed. The individual is then subjected to
immunofluorescent imaging techniques that can be
used to determine the intensity of fluorescence. The
blood pressure of that region will depend on the amount
of Cx40 activity in the region [11,27,28], Cx40-antibody
tagged nanoparticle will bind to the Cx40
transmembrane proteins present in the JGA cells, the
Cx40 transmembrane proteins will be activated only
when the patient is hypotensive to raise the blood
pressure and bring them in normal parameters. The
relative  activity of Cx40 as detected Dy
immunofluorescence can give estimates of time-
dependent blood pressure in the region. A time-
dependent curve could be drawn to assess the local
renal blood pressure.

Fluorescent tomography can be used for accurate
nanoparticle detection, it has been shown that
fluorescence-guided surgeries have effectively been
employed in determining tumor margins for surgical
purposes [29,30]. Fluorophores have been used as
molecules to detect these margins by using gold
nanoparticles, this technique can be modified and
applied here for diagnostic purposes. The imaging
technologies can also be extended to humans in clinical
trials for efficient diagnosis [31], the type of imaging
technology used will depend on the type of nanoparticle
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used and the feasibility of the experiment, many
nanoparticle detection imaging technologies have been
used in cancer therapies [32-34].

EVALUATION OF HYPOTHESES

The diagnostic technique proposed must be tested
before translating it into clinics and making it available
for mass use. Any diagnostic technique aims to provide
individuals with efficient results to the clinician which will
aid them in making an appropriate diagnosis, it is
generally aimed that the diagnostic technique is safe
and preferably non-invasive without causing any
complications, cost-effective, and could be easily
interpreted and which don’t have many false positive
results [35-37].

Here, we propose the preparation of lab-based gold
nanoparticles. Gold nanoparticles are chosen because
of their increased efficiency, biodegradability, and
negligible toxic effects. These gold nanoparticles can
be conjugated with connexin 40 antibodies. These
antibodies can be purchased and prepared according to
the manufacturer's guidelines. These connexin40
antibodies must be conjugated with gold nanoparticles
for testing. The compatibility of antibodies with
nanoparticles must be assessed before testing. The
antibodies must also be conjugated with a radioactive
molecule (like technicium-99) or a fluorophore based on
the type of imaging used for experimentation. The
binding efficiency of these Cx40-AuNP-FIr/Rx must be
assessed to determine the efficiency of the diagnostic
testing. The type of imaging technology used will
depend on the type of effector molecule used. Imaging
technologies like fluorescence tomography for detecting
fluorescence. To detect radioactivity computed
tomography, X-ray, etc can be applied. We suggest the
use of fluorescence to limit toxicity effects.

Invitro and in-vivo testing must be performed before
experimenting on humans. A clear picture of
histological features, toxicity profiles, and receptor-
antibody binding must be present. Dose modification
must be done as per experimental data. The
experimental framework can be proposed in which the
population is matched with controls versus testing
groups. The control group should provide information
about healthy renal function. The testing group can
provide information about which particular renal
disorder is selected to assess blood flow to the kidneys
for that particular group. The inclusion criteria can be
age, sex, lifestyle habits, serum creatinine levels,
presumed GFR, and rates in normal and testing
populations. Other parameters can be included based
on the renal disorder to assess the efficacy of the
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diagnostic test. Exclusion criteria can involve people
having multiple issues which might compromise renal
function, and bad lifestyle habits such as alcohol
consumption, smoking, etc. However, a separate study
can be conducted in a population to study assess renal
blood flow in healthy populations versus people with
bad lifestyle habits.

A standardized scale should be prepared based on the
results of multiple experiments which will enable
qualitative assessment of renal blood pressure, further
analysis can be done to mark the intensity of
fluorescence, determine renal blood pressure, and
direct clinical treatments which could be administered to
the patients.

It must be noted that various parameters may affect the
experiment like the type of nanoparticles used,
fluorescence emission, imaging techniques, and
chemical, physical, and biological properties of
nanoparticles. All these parameters must be assessed
before applying this procedure in experimental use.

Based on the imaging technology and standardized
scale, data can be obtained about the localized blood
pressure of kidneys at a given particular time. Graphical
charts could be prepared with a function of emission of
fluorescence with the function of time, renal blood
pressure could be estimated by estimation of slope
value and exact blood flow can be determined at that
particular time.

It can be speculated that a stable constant graph
representing a horizontal line indicates that blood
pressure has been stable for a given period,
Fluctuations of graphical charts can indicate the
existence of any pathology or changes in renal function
in the given time frame, hence this technique can prove
to be a tool used for early detection of any underlying
disease affecting kidney functioning. Many pathological
conditions which affect the renal vasculature and
increase or decrease the blood flow to the organ can be
detected.

All experimentations must be conducted with approval
from proper ethical authorities. Ethical approval for
conducting experiments on animal subjects permissions
must be taken from the institution. If the diagnostic test
is performed in humans, ethical consent must be taken
from patients and required approvals from the
institutional  ethical committee. The hypotheses
presented here will provide additional clinical
information that will guide doctors to better plan
treatments for their patients.
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CONSEQUENCE OF HYPOTHESES  AND
DISCUSSION

The above-given technique is hoped to give clinical
assessment values for the qualitative estimation of
blood pressure, nanoparticles are suggested to be used
in this experiment. Nanoparticles have a high surface
area which will allow more antibody-cx40 to be attached
to the renin cells for more accurate diagnosis and
reduced toxicity, Nanoparticles can also be PEGylated
to enhance their circulation time in blood for prolonged

analysis and acquire sufficient pictures for analysis.

When nanoparticles reach the target site, the Cx40
antibodies will recognize the transmembrane proteins
attached to it, the antibody will bind to the protein & and
fluorescence will be emitted from the nanoparticles.
Higher fluorescence emitted by the nanoparticles,
hence higher renal blood pressure indicating a reduced
efficiency of connexins accounting for fluctuations in
blood pressure. The emitted fluorescence can be
measured by fluorescence tomography, nanoparticles
can also be designed in a way that can be detected in
imaging technologies. Using imaging pictures,
standardized scales can be developed to make an
assessment and give qualitatively estimated blood
pressure.

This piece of clinical information will prove valuable to
clinicians and will allow them to more accurately assess
their patients suffering from chronic kidney disease
(CKD), acute kidney failure, renal cell carcinoma, and
other diseases that heavily rely on the vasculature of
the renal system if an estimate of the renal blood
pressure mechanism is known, medications can be
developed for accurate targeting of underlying
mechanisms and more accurately monitoring and
controlling the renal blood pressure and protect the
kidneys from further damage.

Thorough insights into the pharmacokinetics of these
nanoparticles must be studied to determine their
stability and half-lives in the body for accurately
analyzing renal blood pressure, and a study for
determining the accurate dosage of nanoparticles must
be administered to assess their toxicity profiles.

Kidney disorders are very prevalent in many countries,
especially in Central Asia. Diseases like CKD are highly
prevalent in eastern, southern, and southeastern Asian
countries  [38,39]. These diseases are usually
diagnosed in higher grades and treatment options
become very limited. IgA nephropathy is also highly
prevalent in Asia and treatments must be given for
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better grade outcomes [40]. Today’s sedentary lifestyle,
changes in food habits, alcohol and tobacco
consumption, etc. have significantly increased the
healthcare burden and caused severe morbidity due to
kidney disorders. There is an urgent need to promote
research to provide the treatment of renal disorders and
make the latest treatments available for everyone.

CONCLUSIONS

Renal blood pressure assessment can prove to be an
important diagnostic parameter indicating the condition
of the kidney and how diseases have reduced the
efficiency of their functioning. More accurate and
precise treatments can be given to the patients based
on their kidney functioning and provide hope for more
research for precise targeting, which will help preserve
the leftover functioning of the kidney. To develop the
technique in a clinical setting, a thorough study of the
type of nanoparticles to be used and nanoparticle
detection imaging technologies must be assessed. The
test can only be accurate in adults due to well-formed
and compacted JGA. The main challenge of the study
is the half-life of nanoparticles introduced in the patient
and also it is important to identify suitable and cost-
efficient imaging technology which can be used for the
experimental procedure. Pharmacological studies must
be conducted to generate standardized dosage to be
given to patients, a thorough study based on the
elimination of these nanoparticles must also be
addressed. Thorough research must be done to
recognize which imaging technologies would be
suitable for this study.
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HAHOTEXHOJIOTVSUIBIK, APATTACYIBIH KOJITAHYBIMEH BYVIPEKTIK KAH KbICBIMBIH
CAITAJIbI BAFAJIAY

Tyniageme
bympek >xyveci amam af3achIHIOAFbI Herisri Mmyierep kxyveciHiy Oipi. Oy 271eKTpormT Telle-TeHOiriH
caKTayfa, MaHBI3[Ibl TOPMOH/IAPIIbIH, OeJliHyiHe JkoHe af3a/iaFbl FOMEOCTa3/Ibl caKTayFa JKayarl Oeperi. Op
aJlaMHBIH, OMBIPTKa OaraHbIHaH L2-L3 nmeHreviHme mepuTOHMIIIH apThIHAA OpHAJIacKaH 2 Oyuiperi Gap.
KeH marpiHamma Oyripex KaHZIBI Cy3elli, TasapTa/ibl XXoHe yJIbl KaJIIbIKTapIIbl KeTiperi. bis Oyipekreri Oyvpex
KaH aFbIMBIHBIH O KbUIJAMIIBIFBIH OafajlayFa >XoHe oJlap[blH TeMOIMHaMMKAckl HeTi3iHAe oJap/blH,
JKYMBICBIH OeJIrijieHreH Mepsimie GaraslayFa MYMKiHIIIK OepeTiH JMarHOCTUKaIBIK, TeCT YChIHaMbI3. MyHIIa
0i3 >kapbIK KapKbIHABUIBIFBI/ palOaKTUBTUIIK Heri3iHge OympeKTeri ollaKTajifaH KaH KbICBIMBIH Oafaay
YIIiH HaHOOesIIIeKTepAi KoJIIaHyabl 3epTTeyre Thipbicambl3. KonHekcnt4( (Cx40) - roKkcTarioMepy IsipiIbIK,
arrapatrTa 001aTEIH TpaHCMeMOpaHaIbIK, aKybl3 O0JIbIIl caHas1anbl. AsrpiHFaH Cx40 aIThIH aHTHIEeHeIlepiH
HaHoOOeJIIIIeKTepMeH OipiKTipin, Oyiipek KaHbIHaA eHTrisyre Oosafbl. byyr HaHOOeIIIIIeKTepli aHbIKTay YIIIiH
diryopeciieHIIs1/ KOMIIBIOTEpPIIiK TOMOrpadus CUAKTHL OeliHesley TeXHOJIOIMsUIapbIH KoJljaHyFa OoJiaibl.
Mupexkumsagad KevliH ojlapAbl Oafajlayfa JXoHe OyiipeK KaH aFbIMbl Typaslbl aKHapaT ajyFa Ooslajbl
CkprHMHT Ke3iHze nania 601aTeIH KapKbIHABUIBIKTEI OylipeK KaH KbICBIMBIH Oafaiay YIIIH HarjajaHyfa
Gomazgel. byt aknapar Oympek KpI3MeTiH Oarajiay yIIiH Havigaisl 6oaisl.
Tynisgi cesmep: Oyiipek, AMarHOCTUKAIIBIK, ChIHAK, aJITBIH HaHOOeJIIIeKTepi, KoHHeKcrH 40, aHTuIeHerlep,
dryopectieHIys.
Honexces ymin: IIlax Il., IMTayuraam P.P., I'yoa 1.P. HaHOTexHOIOrMAIBIK apaiacyablH KOJIaHybIMeH
OyrpeKTiK KaH KbICBIMBIH calajibl Oafasiay. MeauiMHaJIBIK T'MIIOTe3a MeH 3TMKaHbIH, OpTa A3MSUIBIK
KypHastel 2023:4(2):93-99. https:/ /doi.org/10.47316 / cajmhe.2023.4.2.04

KAYECTBEHHAJSI OIIEHKA ITOYEUHOI'O KPOBSHOTI'O JABJIEHV S C UCITIOJIB3OBAHUEM
HAHOTEXHOJIOTMMYECKOI'O BMEHIATEJIbBCTBA

Pe3rome
IToueunas cycreMa SIBJISIETCS OTHOV M3 OCHOBHBIX CVICTEM OpPraHOB B OpraHm3Me uesioBeka. OHa oTBedaeT
3a MojIepkaHve 3JIeKTPOIMTHOro OajtaHca, ceKpernyio BaXHBIX TOPMOHOB U IOfJIepKaHVie TOMeocTas3a B
opranmsMe. Y KaXIIOro 4esioBeKa mMeeTcsi 2 TIOUKY, PacIioyIoKeHHbIe T103a1y OpIOIIMHEI Ha yposHe L2-L3
OT IIO3BOHOYHOTO CTOJIOA. B ImMpokoMm cMebIciIe IOYKM (PVWIIBTPYIOT KpPOBb, OUMINAIOT €e W YHAISIOT
TOKCUYHBlE OTXOAbl. MBI IIpejlaraeM AOMArHOCTMYECKMII TeCT, IIO3BOJISIOMINI OLIEHUTh CKOPOCTh
II0YeUYHOTr0 KPOBOTOKA B TIOYKaX ¥ OLIEHUTDb MX (PyHKIIMOHMpPOBaHMe Ha OCHOBAaHUM MX FeMOAMHAMUKI B
3a7laHHbIe CPOKN. 371eCh MBI CTPEMVMCS M3yYUTh IIpYMeHeHe HaHOYaCTUI] [IJI OLleHKM JIOKJIM30BaHHOTO
apTepUaJIbHOTO [aBjleHMs B II0OYKaX Ha OCHOBe WHTEHCMBHOCTM OCBeIleHVsl/ pagiOaKTBHOCTA.
Konnexcnu40 (Cx40) mnpencrasiseTr cobovt  TpaHcMeMOpaHHBII — OeIOK, IIPUCYTCTBYIOIIUI B
IOKCTarJIOMepyJIsipHOM amrmapate. IlosyuenHsle 30510Tble aHTMTella Cx40 MOXHO KOHBIOTMPOBAThH C
HAaHOYACTMIIAaMIM ¥ BBOAWUTH B IIOYEeUHBII KPOBOTOK. [LjIsi oOHapykeHMs STMX HAHOYACTHUIl MOXXHO
VICIIOJIB30BaTh TaKye TeXHOJIOTMM BU3yaM3alluy, Kak dIIyopeclieHIs/ KOMIbIOTepHasl ToMorpadms.
ITocrte MHBEKIINI X MOXKHO OLIEHUTH ¥ IIOJIyYMUTh MHAOPMAIIVIO O IIOYYHOM KPOBOTOKe. /IHTEeHCHBHOCTS,
reHepupyeMas Ip¥M CKPVMHMHIE, MOXeT OBbITh MCIOJIb30BaHA I OLIeHKNM II0YeUHOIO apTepuaibHOTO
HasjieHus. OTa MHdopMaliys OyneT rosie3Ha I OIleHKM PyHKIINY IT0YeK.
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