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ABSTRACT

Background and Aim: Drug Resistant Hypertension (DRHTN) is an uncontrolled blood pressure exceeding
130/80 mm Hg, despite concurrent prescription of all class of antihypertensive medicines. Current
antihypertensive medications including other modalities of treatment including renal ablation methods had failed
to treat DRHTN, and treatment options are not clinically effective and importantly very costly. This study pioneers
a novel chemical renal denervation (RDN) approach using 13 neurotoxic and neuromodulatory agents, aiming to
silence renal sympathetic nerve activity via pharmacological means. Notably, this represents the first in vitro study
to directly compare the neuromodulator activity of multiple agents for potential use in RDN therapy. Using
fluoroscopic and fluorescent imaging techniques in a rat neuronal ganglionic cell line, we aim to visualize,
quantify, and compare the effects of the most potent neuromodulatory agent (i.e., the one with the lowest ICso
value), focusing on its impact on axonal transport dynamics as a functional marker of nerve integrity. This
innovative approach could pave the way for a simpler, more targeted solution to treating DRHTN.

Methods: The MTT assay was employed to assess the cytotoxicity of individual drugs and determine their IC50
values. Rat Dorsal Root Ganglion Neurones (RDRGN) cells were treated with varying drug concentrations for 24
hours, followed by incubation with MTT solution. Viable cells converted MTT to formazan, while non-viable
cells did not. Absorbance was measured at 540 nm after cell lysis with DMSO. Percent inhibition was calculated,
and IC50 values were derived from dose-response curves, reflecting the cytotoxic potency of each drug. RDRGN
were cultured and differentiated with NGF to study axonal transport. Cells were treated with vincristine
(neuromodulator with lowest ICso value in MTT assay) and labelled with fluorescent markers for lysosomes and
mitochondria. High-resolution time-lapse imaging was used to monitor organelle movement in axons. Transport
dynamics were quantified using kymograph analysis to assess parameters such as velocity, run length, and
frequency.

Results: Vincristine had the highest potency among the tested drugs, with an IC50 value of 1.24 pg. Carboplatin,
cisplatin, vinblastine has IC50 of 1.35pg, 1.46pg and 1.56ug respectively. The other neuromodulator agents
demonstrated a wide variety of IC50 values and potencies. Bortezomib (4.62 pg), oxaliplatin (5.64 pg), digitoxin
(12.91 pg), proscillaridin (18.94 ng), doxcetaxel (19.28 pg), stropanthidin (20.14 pg), oubain (20.84 pg),
paclitaxel (24.56 pg), and digoxin (34.25 ng). The comparative results provide critical insights into the cytotoxic
profiles of these compounds as potential RDN agents. Kymograph analysis revealed both anterograde and
retrograde transport in RDRGN, with vincristine treatment leading to reduced velocities, shorter run lengths, and
increased pausing events compared to controls. The mobile fraction decreased, indicating more stationary
particles, consistent with vincristine-induced disruption of microtubule-dependent axonal transport.

Conclusion: Renal denervation using neuromodulator or neurotoxic agents might be a potential therapy option
for DRHTN. In the current study, vincristine stands out as a promising candidate; however, further in vivo studies
and clinical investigations are essential to validate this innovative approach.

Keywords: Neuromodulator, Neurotoxic, Renal Denervation, Drug-Resistant Hypertension, Vincristine, Axonal
Transport, Rdren, 1c50
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1  Introduction
Hypertension (HTN) is characterized as a systolic
blood pressure of >130-139 mmHg or a diastolic
blood pressure of >80-89 mmHg according to the
current American College of Cardiology/American
Heart Association guideline.! Hypertension is the
most prevalent chronic condition and the main cause
of disability and early mortality worldwide. Survey
data collected in various industrialized countries
have documented hypertension prevalence rates that
have varied from 22% in Canada to 55% in Germany
in the 1990s.

A particularly severe type of hypertension is
DRHTN, which has been reported and widely
researched during the last 50 years.> DRHTN is
defined as uncontrolled blood pressure exceeding
130/80 mm Hg, despite concurrent prescription of 3
or 4 antihypertensive medicines in various classes,
or uncontrolled hypertension despite administration
of up to 4 antihypertensive agents, including a
diuretic, at maximum tolerated dosages.* According
to the American Heart Association, the prevalence of
DRHTN ranges from 12 to 18%. However, data
from the German Health Examination Survey
indicates that DRHTN affects 6.8% of treated
hypertensive patients. DRHTN can be caused by a
variety of factors, but the most significant ones are
hypervolemia, drugs like NSAIDs,
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glucocorticosteroids, or antidepressants,
undiagnosed secondary hypertension, or excessive
sympathetic nervous system activity brought on by
ongoing stress or pain.’ Diagnosis of DRHTN
requires accurate blood pressure measurements and
screening for secondary hypertension. Secondary
hypertension screening, which comprises 5-10% of
DRHTN cases, should be considered in patients with
electrolyte imbalances, renal disorders, or those
under 40 years old. Further evaluation is needed for
sudden-onset hypertension or disproportionate
organ damage, as well as symptoms indicative of
conditions like aortic coarctation, Cushing’s
syndrome, or pheochromocytoma.’

Current antihypertensive medications failed to treat
DRHTN. The treatment options are not clinically
very effective and costly. As a result, alternative
therapies have been explored. The current research
envisaged a novel method for chemical denervation
of the renal nerves in artery by local and targeted
delivery of neuromodulator agent might have impact
on DRHTN.

1.1  Pathophysiology of Hypertension and

Sympathetic Nervous System Activity

Hypertensive patients have more sympathetic nerve
activity and norepinephrine production than
normotensive controls, and this effect is especially
prominent in young people. The renal sympathetic
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nervous system (SNS) influences blood pressure by
providing the kidneys with a dense network
sympathetic fibres in the adventitia of the renal
arteries and relaying signals to the central nervous
system (CNS) through afferent sympathetic fibres.
Afferent signals from the kidneys are detected in
autonomic regions located in the medulla oblongata
and midbrain, which convey information to the CNS
about renal arterial and venous pressure, as well as
the chemical composition of the renal interstitium.
Efferent impulses from the brain are transmitted to
sympathetic pre-ganglionic neurons in the spinal
cord's intermediolateral column and post-ganglionic
neurons in the prevertebral ganglia before reaching
the renal artery adventitia. Stimulation of the
efferent renal SNS causes water and salt retention,
vasoconstriction of renal arterioles, and renin
secretion, which leads to increased synthesis of
angiotensin II and mineralocorticoids, producing
more vasoconstriction and sodium and water
retention. Thus, the CNS and kidneys work together
to regulate blood pressure. !

1.2 Axonal Transport

Axonal transport is a crucial process in neuronal
functionality, connecting the cell's core with the
periphery. It consists of two mechanisms: fast axonal
transport and slow axonal transport. Fast axonal
transport is vesicular and relies on microtubules,
which can operate in anterograde or retrograde
directions. Microtubule dynamics are regulated
through post-translational modifications of motor
proteins and MAPs. Slow axonal transport,
anterograde is crucial for maintaining neuron
structural integrity. Neurons respond to external
stimuli, particularly neurotrophic factors, using
retrograde axonal transport. Disruptions in axonal
transport can have damaging effects on neuronal
survival, making any drug that interferes with this
process neuromodulator. Axonal transport is a target
for chemotherapeutic agents, which are known to
cause dose-limiting peripheral neuropathy known as
Chemotherapy-Induced  Peripheral =~ Neuropathy
(CIPN).”

1.3  Renal Denervation

Renal denervation (RDN) is a minimally invasive
exploratory therapy that has emerged as a viable
treatment for DRHTN patients. Its mode of action
involves inhibiting renal sympathetic activity by
modulating or damaging sympathetic neurons near
the renal arteries, which decreases renin and
Angiotensin-II activity and increases renal blood
flow.> Three techniques using percutaneous access

to the renal artery are currently being under
development. These methods include
radiofrequency ablation (RFA), ultrasonography, or
injecting a neurotoxin in the perivascular space of
the renal artery.?
New ways of controlling blood pressure are being
studied, with renal denervation being the subject of
extensive investigation for treating DRHTN.’
Radiofrequency ablation uses a catheter to place
four electrodes, creating heat by medium frequency
alternating current. The heat is tolerated by the renal
arterial wall but poisonous to nerves in its energy
field, extending up to 7mm.8 Ultrasound approaches
use four ultrasound-emitting sources positioned on a
catheter via an inflatable balloon system. The
catheter is irrigated with a solution that stays cooler
in the kidney artery lumen than the perivascular
space.®
The third method involves using a catheter with
three microneedles inserted, expanding them to
penetrate the renal artery wall and enter the
perivascular region, and then delivering a small
amount of liquid neuromodulator (usually 0.6 mL of
ethanol) at once. 8
1.4  Mechanism of Action of Neuromodulator
and Neurotoxic Agents in RDN
Neuromodulation refers to the direct and indirect
effects of substances on the neurological systems of
humans and animals. Numerous substances can
cause neuromodulator illness in humans, and many
more are utilized as experimental tools to investigate
physiological and pathophysiologic mechanisms in
animal nervous systems in vivo and in vitro, as well
as within human neuronal progenitor cell lines.
Some chemicals directly affect brain cells, disrupt
metabolism, affect brain function, change
developmental pathways, or harm the adult nervous
system. !¢
The current proposed therapy for DRHTN includes
identifying and correcting contributory variables or
secondary causes of hypertension. Drug therapy
depends on the individual's health profile and
comorbidities, and may include thiazide diuretics, -
blockers, ACE inhibitors, and calcium-channel
blockers. It's crucial to design a regimen that is
patient-acceptable, well-tolerated, and sustainable
for long-term compliance. Even with a personalized
regimen, some individuals may not achieve ideal
blood pressure management. New ways to
controlling blood pressure are being studied, with
renal denervation being the subject of extensive
investigation for treating DRHTN.’
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In the current study a novel method of chemical
renal denervation using different neuromodulator
agents have been studied since the earlier techniques
have failed or not met the clinical study end points.
The objective of the study is to identify and
characterize the most potent neurotoxic or
neuromodulatory agent for chemical renal
denervation, by comparing 13 candidates in vitro
and assessing its effects on axonal transport
dynamics in a rat neuronal cell line..

2 Materials and Methods:

For the treatment of DRHTNs by renal denervation,
13 neuromodulator/toxic drug molecules (Provided
as Institutional Gift samples from Pharmaceutical
companies) were studied that would have their
ability to target the neurons in renal artery, inducing
or interfering with neuronal conduction,
demyelination of neuronal sheath or even limited
and programmed neuronal cell death. This process
ultimately decreases sympathetic outflow and
noradrenaline release, that control’s the elevated
blood pressure.

The neuromodulatory activity of these drug
molecules was assessed utilizing IC50 values
acquired from MTT assay, which quantifies the
neuromodulator or toxic effects on neuronal cells.
This study also used fluoroscopic and fluorescent
imaging in a rat neuronal ganglionic cell line to
assess how the most potent neuromodulatory agent
identified by its lowest ICso value affected the axonal
transport dynamics as an indicator of nerve integrity.
Vinca alkaloids (vincristine, vinblastine, vindesine,
and vinorelbine) disrupt cell division by binding to
tubulin and inhibiting microtubule formation. While
vincristine  and  vinblastine  share  similar
neuromodulatory  profiles, vinblastine causes
significant bone marrow suppression as a dose-
limiting factor.!! Platinum analogs such as cisplatin,
carboplatin, and oxaliplatin function through DNA
crosslinking. Cisplatin damages long sensory fibers,
leading to axonal and myelin loss, whereas
carboplatin is less neurotoxic but more
myelosuppressive.  Oxaliplatin ~ causes acute
neuromodulator effects via voltage-gated Na*
channels, contributing to long-term neuropathy.!!
Microtubule-stabilizing agents paclitaxel and
docetaxel prevent tubulin  depolymerization,
resulting in microtubule bundle formation that
disrupts axonal transport and can induce
neuropathy.!! Bortezomib, a proteasome inhibitor
used in cancer therapy, is associated with peripheral

nerve damage in 31% of patients, with dose-limiting
toxicity in 12%.!!

Cardiac glycosides such as digoxin, ouabain,
proscillaridin, and strophanthidin primarily exert
their effects by inhibiting the Na*/K* ATPase pump,
a key transmembrane protein responsible for
maintaining cellular ion balance. Ouabain can
stimulate arterial baroreceptors and initially raise
blood pressure, although sensitization may
temporarily block its central hypertensive effects.
Digoxin, which is structurally similar to ouabain,
has been shown to counteract ouabain-induced
hypertension in normotensive rats and may enhance
baroreflex ~ function,  potentially  reducing
sympathetic output and lowering blood pressure.!?
Proscillaridin also inhibits the Na*/K* ATPase and
may play a role in cellular signal transduction
pathways.!® Strophanthidin, though less studied, has
demonstrated effects similar to ouabain in models of
heart failure.'*

2.1.1  MTT Assay

Rat Dorsal Root Ganglion Neurones (RDRGN) are
commonly employed in neurotoxicity investigations
because of their well-established physiology, high
sensitivity to neurotoxic substances, and relevance
to peripheral nervous system function. These
neurons exhibit sensitivity to neurotoxic agents and
are essential for assessing potential compounds in
RDN.15:16.17.18

The MTT  (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazoliumbromide) test can be used to
evaluate excipient toxicity. Under tetrazolium ring
cleavage, viable cells can decrease the yellow MTT
to a water-insoluble purple-blue formazan that
precipitates in the cellular cytoplasm and may be
eliminated after cell lysis, but cells that have died
due to toxic injury cannot transform MTT.
Dehydrogenases from the endoplasmic reticulum
and mitochondria catalyze the process."’

The MTT assay was employed to assess cytotoxicity
and determine the IC50 values. RDRGN were
procured from the National Centre for Cell Sciences
(NCCS), Pune India, and were sub-cultured in-house
at Clintech Solutions, Hyderabad, India. Cells were
seeded at 100 uL per well (in triplicate) into 96-well
culture plates and incubated overnight in a drug-free
DMEM medium. Following this, varying
concentrations of each drug were added to the wells,
and the cells were incubated for an additional 24
hours. After the treatment period, cells were
incubated with MTT solution (1 mg/mL) for 4 hours
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at 37°C. The medium was then removed, and 150 pL.
of dimethyl sulfoxide (DMSO) was added to each
well to lyse the cells and dissolve the formazan
crystals. The optical density was measured at 540
nm using a microplate reader. Each experimental
condition was tested in at least three independent
replicates. The percentage of living cell inhibition
was calculated using the formula: % inhibition = 100
X (mean control — sample) / mean control. IC50
values were derived from dose-response curves by
plotting the percentage of cell inhibition against the
corresponding drug concentrations (1g).

2.1.2  Axonal Transport

Cell Culture

Rat Dorsal Root Ganglion Neurones (RDRGN) cell
line was used. Cells were cultured in a humidified
incubator at 37 °C with 5% CO:.. The culture
medium consisted of high-glucose DMEM
supplemented with 10% horse serum, 5% fetal
bovine serum, and 1% penicillin/streptomycin. For
neuronal differentiation, cells were treated with 50
ng/mL nerve growth factor (NGF) for 5-7 days.
Differentiated cells were plated onto poly-L-lysine-
coated glass-bottom dishes suitable for high-
resolution microscopy.

Neurotoxic Agent and Fluorescent labelling

The neurotoxic agent (vincristine) was prepared at
various concentrations in the culture medium. Cells
were treated with the agent for a predetermined time
of 24 to 48 hours. To visualize axonal transport, cells
were labelled with a fluorescent marker. Lysosomes,
mitochondria, or other organelles were labelled as
needed. For lysosomes, cells were incubated with
LysoTracker Red DND-99 (50 nM) for 30 minutes
at 37°C. For mitochondria, MitoTracker Green FM
(100 nM) was used. After labelling, cells were
washed with fresh medium to remove excess dye.

Fluoroscopic Imaging and Axonal Transport
Analysis
A high-resolution, inverted fluorescence microscope
equipped with a CCD camera, a motorized stage,
and an environmental chamber to maintain
physiological conditions (37°C, 5% CO-) was used.
The appropriate filter sets for the fluorescent dyes
were selected. Real-time imaging was performed by
acquiring time-lapse image sequences of individual
axons at a high frame rate (e.g., 1-5 frames per
second) for a period of 5-10 minutes.
The acquired time-lapse images were analyzed using
specialized software (e.g., ImageJ with the
"Kymograph" plugin, or specialized commercial
software). A kymograph was generated for each
axon, which is a space—time plot that visualized the
movement of  fluorescent particles.  The
kymograph’s x-axis represented space (distance
along the axon), and the y-axis represented time. The
slope of the resulting streaks indicated the velocity
of the particles. From the kymograph data, the
following parameters of axonal transport were
quantified:
e Anterograde velocity: The speed of
particles moving away from the cell body.
e Retrograde velocity: The speed of particles
moving towards the cell body.
e Mobile fraction: The percentage of
particles that are actively moving.
e Run length: The average distance a particle
travels in a single, continuous movement.
e Frequency of transport: The number of
moving particles per unit time

3 Results
3.1.1 Minimum Inhibitory Concentration
ICs0)

The higher potency of a neuromodulator agent is
described by lower IC50 values, which implies less
quantity of the compound is required to achieve 50%
inhibition, whereas larger IC50 values indicate poor
potency, needing high concentrations to achieve the
same degree of inhibition.

Table 1 lists the IC50 values performed using the
MTT test for neuromodulator agents. The ICso
values obtained for 13 neuromodulator agents
provide a clear comparison of their cytotoxic
potency on neuronal cells, which is relevant for
evaluating their potential use in chemical renal
denervation. Among these agents, vincristine (1.24
pg) demonstrated the highest potency, requiring the
lowest concentration to inhibit 50% of cell viability.
It was closely followed by carboplatin (1.35 pg) and
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cisplatin (1.46 pg), indicating strong activity at low
doses. Vinblastine also showed relatively high
potency with an ICso of 1.56 pg.

In contrast, compounds like paclitaxel (24.56 pg),
digoxin (34.25 pg), oubain (20.84 pg), and
stropanthidin (20.14 pg) displayed significantly
higher ICso values, suggesting lower cytotoxic
effectiveness in this context. Mid-range ICso values
were seen with oxaliplatin (5.64 ng), bortezomib
(4.62 pg), and digitoxin (12.91 ng), reflecting
moderate activity. These findings highlight a wide
spectrum of potency among the tested agents, with
vincristine, carboplatin, and cisplatin standing out as
the most promising candidates for further
investigation in neuromodulator-based renal
denervation strategies.

Table 1 IC50 values of neuromodulator agents
determined by the MTT assay on
Rat Dorsal Root Ganglion

Neurones (RDRGN)
Neuromodulator
Agents 1C50 (ne)
Vincristine 1.24
Vinblastine 1.56
Paclitaxel 24.56
Doxcetaxel 19.28
Cisplatin 1.46
Oxaliplatin 5.64
Carboplatin 1.35
Bortezomib 4.62
Digoxin 34.25
Stropanthidin 20.14
Digitoxin 12.91
Proscillaridin 18.94
Oubain 20.84

Figure 1. ICso values of neuromodulator agents
determined by the MTT assay

1C50 (UG)
1124
1156
I 24,56

Y e— 1894
,
7 — 2034

Tt
&
¢ ¢ m— 1928
v u 146
= s
v
113
¢ m 462
T —

O . &3
N S ¢ < A < O N 9 o »
S RN NN (PR ~ SR
¥ < < < Q < S Q N ¥
&M © 2 N &9 S & )
& & EERN S 9 <

NEUROMODULATOR AGENTS

Figure 2 Rat Dorsal Root Ganglion Neurones
(RDRGN) cells during the MTT assay
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Figure 2. Rat Dorsal Root Ganglion Neuronal
(RDRGN) cells during the MTT assay.
(A) Morphological appearance of RDRGN cells
after 48 h exposure to Vincristine, showing reduced
cell density and altered morphology indicative of
cytotoxic effects.
(B) Untreated RDRGN cells maintained in culture
media, displaying healthy neuronal morphology
with intact processes.

Axonal Transport of Vincristine:

The kymograph analysis revealed the presence of
both anterograde and retrograde movement, with
diagonal streaks in panel C indicating bidirectional
transport along the axon. The slope of these streaks
reflected particle velocity, where steeper slopes
corresponded to slower movement (as marked by
stars) and shallower slopes to faster movement, with
arrows highlighting instances of speed changes mid-
trip. These features suggest heterogeneity in
transport speeds. Consistent with the known
neurotoxic effects of vincristine, the images inferred
a reduction in both anterograde and retrograde
velocities compared to untreated controls, along
with an increased frequency of stalling or pausing,
as evidenced by interrupted streaks and variable
slopes. Additionally, the mobile fraction appeared
reduced, indicating a higher proportion of stationary
particles, and run length was shortened, reflecting
the tendency of particles to travel shorter distances
in a single continuous movement which hallmarks of
vincristine-induced microtubule disruption.
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Figure 2 Kymograph Images of Quantitative
analysis of anterograde and retrograde velocities.

proximal distal
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X
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Figure 2: Kymograph generation and separation of
anterograde and retrograde traces of Vincristine in
RNGC. (A) Still image of supplementary material
Movie 5 from which the kymograph was extracted.
(B) The visible portion of the RNGC used for
analysis is highlighted (arrowheads). Scale bar: 5
mm for both images. (C) Kymograph extracted from
supplementary material Movie 5 where the X axis
corresponds to the length of the RNGC (horizontal
scale bar, 5 mm) and the Y axis to the elapsed time
(vertical scale bar: 5 s). Anterograde (D) and
retrograde (E) traces have been separated hence
reducing  background and allowing  for
straightforward analysis (same magnification as C).
Arrows indicate some slow trains that changed
speed during their trip in the RNGC and stars point
at very slow trains.

4  Discussion

Renal denervation has been shown to reduce
ambulatory HYPERTENSION monitoring and
office diastolic HYPERTENSION in patients with
DRHTN. Endovascular RDN, a catheter-based
procedure which targets the renal sympathetic
system, has been proven effective and risk-free for
the treatment of resistant arterial hypertension.? In
2009, a short, open-label proof-of-concept study
investigated radiofrequency renal denervation using
a unipolar electrode catheter showed a significant
22/11 mm Hg decrease in blood pressure at 6-
months. A randomized pivotal study (SPYRAL
HTN-OFF MED) which included 331 patients who
were off antihypertensive medication exhibited a 3.9
mm Hg (bayesian 95% CI -6.2 to -1.6) drop in
systolic blood pressure compared to sham.?! When
RDN was originally used to treat hypertension in
individuals who were taking 5 or more drugs and had
office-measured  systolic ~ blood  pressures

(SHYPERTENSIONS) of 160 mm Hg or more, the
subsequent HYPERTENSION reductions typically
remained in the 25-30 mm Hg range after about 6
months.® Quality of life data (self-reported health
status) was only available in the INSPIRED trial. At
six months, the individual's health status was 53.8 &
22.3 in a control group and 75.0 + 14.1 in the
treatment group (baseline-adjusted between-group
difference: 13.6; 95% CI -7.4 to 34.6; P = 0.28).22
However, the endovascular RDN approach has
limitations, including potential adverse effects and
renal artery stenosis. To overcome these, researchers
are studying novel strategies to denervate the renal
sympathetic system.?

Chemical denervation of the renal artery's
sympathetic nervous system using neuromodulator
agents has come into existence as an alternative to
RDN for treating DRHTN. The present study
evaluated one such strategy by assessing the
neuromodulatory activity of 13 drug molecules. The
MTT assay was utilized to determine the IC50
values of these drugs. Vincristine showed the highest
potency with an IC50 value of 1.24 pg, followed by
carboplatin, cisplatin, and vinblastine. Other
neuromodulator drugs showed varying IC50 values
and potencies.

Understanding a  chemotherapeutic  agent's
pharmacological and biological properties involves
identifying its half-maximal (50%) inhibitory
concentration (IC50). Since the introduction of the
MTT test, the technique for determining IC50 has
become simpler and may be done in a 96-well plate.
The MTT test determines a compound's cytotoxicity
by reducing intracellular NAD(P)H-dependent
oxidoreductase activity, as compared to previous
techniques of determining cell death percentages.
The optical densities (ODs) of control wells indicate
the initial condition of live cells, with a survival rate
of 100% and an inhibitory rate of 0%. The
concentration equivalent to a survival rate of 50% is
defined as the 1C50.%

Recent studies have demonstrated that low amounts
of vincristine, an anti-neoplastic medication, can be
safely administered locally to treat hematological
malignancies. This medication, known for its long-
term neuromodulatory activity and peripheral nerve
demyelination, can result in renal artery sympathetic
system denervation. In a normotensive experimental
case, vincristine injection led to a significant drop in
systolic blood pressure. A case study by Stefanadis
et al., on a 74-year-old male patient with DRHTN
showed a significant reduction in office and
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ambulatory blood pressure at the 4-week follow-up.
This study was the first human application of
chemical denervation, and the procedure was
performed safely without any complications.
Another study using 14 adolescent Landrace swine
also demonstrated the effectiveness and safety of the
renal denervation approach.?

The initial attempts to study the outcome of
paclitaxel on neurons in vivo involved direct
injections into the rat sciatic nerve, demonstrating
that paclitaxel caused atypical microtubule
aggregates to develop in both axons and Schwann
cells, leading to acute demyelination and persistent
loss of axoplasmic transport. Although fewer studies
have investigated docetaxel neuromodulatory
activity, one mouse model showed that the treatment
reduced motor activity, with pathologic indications
of axonal and myelin degradation.?*

In a study performed in rats with sinoaortic
denervation and high salt intake, Huang et al. found
that both intracerebroventricular antibody Fab
fragments and subcutaneous digoxin prevented an
increase in sympathoexcitatory and pressor reflexes
to air stress, as well as occurrence of hypertension.
Due to its lipophilic characteristics, peripherally
given digoxin appears to be able to operate centrally
as an antagonist for brain "ouabain", similar to the
effect of Fab fragments.'?

Although RDN has been established as an effective
technique for managing DRHTN, the exploration of
neuromodulator agents for this purpose remains very
limited. While literature on the use of agents such as
vincristine, paclitaxel in cancer chemotherapy has
shown neuronal damage leading to neuropathy in
several studies which has been well documented as
the side effects of this agent. The mechanism of
causing demyelination of neuronal sheath in the
Axon has invariantly affected both in anterograde
and retrograde transport. %

Anterograde  transport, the kinesin-mediated
movement of cargo from the neuronal cell body to
the axon terminal, can be inhibited by neurotoxins
through several mechanisms. Some toxins, such as
vinca alkaloids like vincristine, bind to B-tubulin and
prevent microtubule polymerization, leading to
depolymerization and loss of the stable tracks
needed for kinesin movement. Others directly target
kinesin motor proteins, inhibiting their ATPase
activity and stalling their “walking” motion along
microtubules. Additionally, certain agents disrupt
the normal dynamic instability of microtubules
without fully depolymerizing them, altering their

stability and impairing kinesin processivity, thereby
blocking efficient cargo delivery. 2

Retrograde transport, the dynein-driven movement
of cargo from the axon terminal to the cell body, can
be inhibited by neurotoxins through several
mechanisms. Like in anterograde transport,
microtubule depolymerization by agents such as
vinca alkaloids removes the tracks required for
dynein movement. Other toxins target the dynein—
dynactin complex directly, impairing its assembly or
preventing dynein from binding to either cargo or
microtubules, effectively  disconnecting  the
transport machinery. Additionally, some toxins
disrupt the retrograde trafficking of neurotrophic
factors or pathogen-associated signals by blocking
the endocytosis or vesicular transport of these
molecules, depriving neurons of essential survival
cues and potentially triggering degeneration. ’
Vincristine inhibits both anterograde and retro grade
axonal transport. In Anterograde vincristine causes
Microtubule Disruption by binding to B-tubulin, the
building block of microtubules. This binding
inhibits the polymerization of tubulin into
microtubules, leading to their depolymerization.
Without stable microtubule tracks, kinesins cannot
move their cargo, causing an accumulation of
materials near the cell body. %’

Retrograde transport moves cargo from the axon
terminal back to the cell body, a process crucial for
recycling synaptic components and signalling the
cell body about the health of the synapse. This is
primarily driven by the dynein motor protein in
conjunction with the dynactin complex. Vincristine
can disrupt this process by Microtubule Disruption:
Similar to anterograde transport, the
depolymerization of microtubules halts retrograde
transport, as dynein also requires these tracks to
function. 2

In this particular study principle of mechanism of
action will be utilized to cause programmed and
limited denervation in renal neurons in the proximal
end of the Renal artery to modulate the RAAS
without effecting the other neuronal -circuits
demonstrating reduction in Hypertension in
DRHTN. The initial studies on Rat Dorsal Root
Ganglion Neurones (RDRGN) cell lines had shown
promising results with Vincristine, which can be a
potential molecule for Renal denervation. Further
different deliver techniques will be used in animal
models to deliver the drug at the targeted site to
study the safety and efficacy of vincristine in a

1JDDT, Volume 16 Issue 43s, 2026 Page 628



Evaluation of Neuromodulator and Neurotoxic Agents As Possible Potential Molecules
For Renal Denervation and Treatment of Drug-Resistant Hypertension

separate study with CPSEA approved Cath Labs
with IEC approvals.

There is a notable lack of research on the broader
potential of other neuromodulator agents such as
carboplatin, cisplatin, vinblastine, bortezomib,
oxaliplatin, digitoxin, proscillaridin, docetaxel,
strophanthidin, and ouabain.

Furthermore, renal denervation as a therapeutic
approach is still relatively novel, and research on
using neuromodulator agents in this capacity may be
in its early stages. This study had few limitations
based on the objectives; first, it was an experimental
study focused on testing the neuromodulator activity
of 13 neuromodulator agents using the MTT assay
invitro, with the goal of determining the potency of
each agent.

Despite these limitations, the study demonstrated
promising results on Rat Dorsal Root Ganglion
Neurones (RDRGN), with renal denervation as a
potential therapeutic strategy for managing
DRHTN. However, long-term animal studies are
necessary to establish definitive conclusions
regarding the safety and efficacy of neuromodulator
agents especially Vincristine in renal denervation for
DRHTN treatment.

5  Conclusion

The study suggests that renal denervation using
neuromodulator/ Neurotoxic agents could be a
promising approach for the treatment of DRHTN.
Notably, this represents the first in vitro study to
directly compare the neuromodulator activity of
multiple agents for potential use in RDN therapy.
However, additional studies are needed to optimize
the treatment of chemical denervation. In this study,
assessment of axonal transport provided a functional
marker of nerve integrity, demonstrating how
disruption of transport pathways will underlie the
neuromodulatory effects observed.

Hence in extension to the current studies, preclinical
investigations with the potential drug molecules
should be designed to deliver the agents directly to
the renal artery, where neuromodulation could
reduce required sympathetic outflow, thereby
leading to decrease in DRHTN
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