
INTRODUCTION
A prevalent hereditary condition known as “polycystic kidney 
disease (PKD)”, cysts in the kidneys enlarge and multiply, 
which ultimately cause chronic renal failure.1 “Autosomal 
dominant polycystic kidney disease (ADPKD)” represents 
the vast majority of cases of PKD. Polycystic kidney disease 
is caused by a deficiency in either the “polycystin-1 (PC1)” or 
“polycystin-2 (PC2)” proteins, both of which are encoded by 
mutations in the PKD1 and PKD2 genes. Reduced intracellular 
Ca2+ and a rise in cAMP are the results of PC1 or PC2 
mutations.2 When intracellular cAMP levels increase, The 
epithelial lining of a cyst expands, causing fluid to flow into 
the cyst cavity.3 Cyst epithelial cell proliferation is aberrant due 
to alterations in Wnt, B-Raf/MEK/ERK, and mTOR signaling 
pathways.4 Several pieces of data show chlorine transporter 
in the “Cystic fibrosis transmembrane conductance regulator 
(CFTR)” is essential for keeping ADPKD cysts from filling 

with fluid and electrolytes.5 Small-molecule CFTR inhibitors 
have been shown to reduce cyst development in both in-vitro 
and in vivo models of PKD. Some examples are the CFTR-
172 thiazolidinone inhibitor and the CFTR inhibitors made 
from phenyl-derivatized glycine hydrazide. Additionally, in 
Pkd1 deletion mice, CFTR inhibitors slowed the growth of 
cysts and preserved renal function.6 It has been established 
that nuclear receptors like PPAR and LXR can inhibit CFTR-
mediated chloride secretion and reduce the rate at which renal 
cysts form.7 The evidence is in favor of blocking CFTR as a 
possible treatment for PKD.

Agents that reduce cell proliferation have been demonstrated 
to halt cyst progression in PKD animal models.8 The treatment 
of ADPKD has been linked to multiple targets, include mTOR, 
the cell cycle, and receptors for vasopressin and calcium.9 
A significant finding is that metformin, an anti-diabetic 
medication, activates the 50 “AMP-activated protein kinase 
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(AMPK)”, that inhibits cell growth and release of fluid via 
the CFTR pathway.10 The glucose analog 2-deoxy-D-glucose 
(2DG) also reversed AMPK deactivation and slowed PKD 
progression in a mouse model.11 As a result, AMPK activators 
may one day serve as therapeutic agents for the creation of 
drugs for the treatment of PKD.

Most plant-derived compounds are readily absorbed 
and digested by the body, and some are considered healthy 
natural organic components.12 People now have a more 
comprehensive understanding of phytochemical components 
because of modern science and technology advancements. 
Numerous illnesses, including cancer, metabolic disorders, 
and neurodegeneration, have been treated with thousands of 
plant-derived chemicals.13 Numerous substances with plant 
origins have also been researched for their potential advantages 
in slowing the evolution of ADPKD. 

In recent years, several drugs, including tolvaptan, 
rapamycin, and somatostatin, have shown promise in halting 
the progression of ADPKD. These developments have been 
noteworthy. Tolvaptan was the first medicine the FDA 
approved specifically for treating ADPKD. It has the ability to 
reduce the rise of TKV and the water loss, and possible liver 
damage despite a reduction in estimated glomerular filtration 
rate (eGFR) that other therapeutic measures are required.14 
In addition, the mTOR inhibitor rapamycin and its analogs 
failed to demonstrate sufficient therapeutic results in clinical 
investigations.15

The broad family of plant polyphenols known as flavonoids, 
which includes the flavonone subclass, includes “Naringenin 
(4′,5,7-trihydroxyflavanone)” (Figure 1). Naringenin is mostly 
eaten as Naringin, which is also its glycoside, and is present 
in grapefruit juice in rather high concentrations (30 mg 
naringin 100 mL-1). Naringenin is bioavailable at modest 
quantities; for instance, following absorption, Blood levels of 
the aglycone were measured at 0.7 to 14.8 M after a dosage of 
139 to 265 mg of naringenin.16 Low micromolar quantities of 
naringenin glucuronides and sulfates are seen following phase 
2 metabolism.17 Like many flavonoids, Naringenin inhibits 
tumor cell proliferation by inducing dependent on p53 for 
apoptosis.18 In colon cancer-prone mice, naringenin inhibits 
tumor growth and spread as well as tissue invasion.19 As part of 
its chemopreventive actions, naringenin may activate particular 
enzymes called cytochrome P450 and phase 2 to help the body 
get rid of carcinogens.20

In this model, we tried to figure out how naringenin works 
at the molecular level because earlier research21 revealed that 

naringenin stopped Dictyostelium cells from growing and 
dividing. A library of these mutants was tested to find the 
genes that make dictyostelium REMI mutants resistant to 
naringenin. Using the right mammalian system, researchers 
then looked into how the found gene The substance mediated 
naringenin’s effects on cell growth. A nonselective Ca2+-
permeable cation channel known as polycystin-2 (TRPP2) has 
been connected to “Autosomal dominant polycystic kidney 
disease”,22 has been discovered by our data as a new option for 
how naringenin affects how cells work. In this condition, fluid 
secretion into the cysts and a malfunction in proliferation cause 
kidney cysts to form.23 About 85% of instances of ADPKD 
are caused by “TRPP1 (polycystic kidney disease-1)” gene 
and protein mutations, while 15% are due to TRPP2 (PKD2) 
protein and gene mutations.24 We thus investigated the role 
of TRPP2 in naringenin’s As a follow-up to our first findings 
in Dictyostelium, we examined the influence effects on cyst 
development and “Madin-Darby canine kidney (MDCK)” 
cell proliferation. We discovered that in both systems, nar 
ingenin’s growth-inhibitory effects were mediated by TRPP2 
(polycystin-2).

The maximum oral bioavailability of naringenin is 5.81% 
because it dissolves slowly in water (approximately 46 g/mL) 
and has a low affinity for water. Glucuronide intermediate 
metabolites are quickly formed during the f irst-pass 
metabolism in the liver. Its bioavailability in plasma is severely 
restricted. After taking the traditional Chinese medicine Zhi 
Zhu Wan by mouth, Sun et al. found that naringenin’s half-
life is approximately 4.69 hours specifically, AUC = 40,617.9 
ng/mL and maximum concentration (Cmax) = 2,910.6 ng/
mL25,26 Cmax = 2019.51 +/ 760.81 ng/mL and AUC (0-infinity) 
= 9434.51 +/ 2860.51 ng/mL were observed after 3.5 hours of 
oral administration of 135 mg naringenin. In spite of the ease 
with which it is absorbed, the scientists hypothesized that due 
to the significant first-pass metabolism that takes place in the 
colon, naringenin’s bioavailability remained low. A significant 
amount of naringenin was discovered in the blood and urine of 
the animal after drinking either naringin or grapefruit juice.27 
Numerous potent naringenin formulations have been developed 
in recent years by employing a wide variety of procedures, 
some of which include sophisticated inclusion processes.28-30

Naringenin is not highly hazardous, with a fatal dose of 
only 5000 mg/kg.31 Naringenin’s primary mode of action is 
the inhibition of CYP1A2 and CYP3A4 in human cytochrome 
P450. The antagonistic effects of naringenin have been 
successfully found to work on every subtype of opioid receptor. 
It has been shown to benefit human health, with several 
research studies confirming its hepatoprotective,32 qualities 
that protect against mutation, carcinogenesis, oxidative stress, 
diabetes, and atherosclerosis. It has been suggested that a 
few hundred mg of flavonoids are the minimum amount of 
flavonoids that should be consumed daily.33 Because of its 
ability to reduce inflammation and protect cells from oxidative 
damage, it has been recommended as a potential treatment for 
a variety of illnesses related to oxidative stress.34

Figure 1: Naringenin (4′,5,7-trihydroxyflavanone) Structure
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Accordingly, naringin boosts glutathione levels and antioxidant 
enzyme activity to prevent damage to the kidneys, reduces 
lipid peroxidation, and inhibits inf lammatory cytokine 
production.35 Molecular analyses have shown that naringin 
inhibits autophagy, suppresses apoptosis, and activates Nrf-2. 
In an acute kidney injury model, naringin modulated renal 
tissue microRNA-10a, protecting the kidney.36 Cardiotoxicity 
and nephrotoxicity from paclitaxel in older male Wistar rats: 
effects of naringin and naringenin as inhibitors.37 As a dietary 
supplement, naringenin has been proposed for use in the 
management of diabetes and other conditions associated with 
oxidative stress, which raises the possibility that it might have 
a similar impact on the management of diabetes in people. 
Lead, a heavy metal, and naringenin, a flavanone, were studied 
in-vivo.38 The fourth group of rats was the control. In order 
to perform the CA enzyme assay on rat erythrocytes, the 
other three groups received a mixture of lead and naringenin 
or either of those substances alone. In comparison other 
communities, the control group’s enzyme activity was the 
greatest. Naringenin caused the most inhibition and lead the 
least. As a result, naringenin is an effective inhibitor of the 
CA enzyme.

MATERIALS AND METHOD

Assays of Dictyostelium Growth 
Wild-type (Ax2) Dictyostelium discoideum cells were isolated 
from axenic media at the midpoint of the log phase of growth. (4 
106). After 24 hours, 1 106 cells•mL of cells were resuspended 
in axenic medium containing either 100 M naringenin or 
DMSO.
Library Screening using Dictyostelium Insertional 
Mutagenesis
(Hiroyuki Adachi, Takeshi Hasebe, Keisuke Yoshiunga, 1994) 
pBBC plasmids were made by modifying the pBSR1 plasmid 
in various ways include 60mer DNA barcodes, to mutate 
wild-type dictyostelium cells (Ax4). The enzyme pairs were 
the most efficient restriction enzyme combinations for plasmid 
linearization/electroporation in REMI. In 24-well culture 
plates, transformants were created clonally and frozen in 10% 
DMSO for later recovery. On a bacterial growth plate, cells 
remaining after plating were identified, cultured for two days, 
and then harvested to create pools. (24 mutants per pool). A 
total of 30 significant pools of 672 to 768 mutants were created 
by combining a number of these 24 pool combinations (28–32 
pools). The enrichment tests were conducted for each pool 
using 25 big pools, 106 mutant cells were grown in 10 mL of 
HL-5 with 100 g/mL streptomycin and 100 µ/mL penicillin 
naringenin in two 10 cm Petri dishes.39 When the cell density 
reached 2 x 106 cells/mL at the end of the third day, the previous 
culture media containing 1-mL was removed, and 9 mL of 
new media with naringenin were combined. For 21 days, the 
identical process was carried out again. Purifying cells from 
each growing dish for their genomic DNA and cloning plasmid 
insertion locations in accordance with previously published 
methods.40 In order to confirm that the mutant was resistant 

to naringenin-induced growth suppression and to continue 
studying it, the insertion site of a clonal strain came from a 
frozen supply that had been stored in a 24-well freezer.
Recapitulation of Dictyostelium pkd2 
Utilizing the techniques previously described, knockout 
constructs were produced (Pakes et al., 2012). In a nutshell, 
polymerase chain reaction (PCR) amplification of using 
genomic DNA, the flanking 5′ and 3′ segments of the 
Dictyostelium pkd2 gene were analyzed from wild-type 
organisms. CTGATATTGCCT CATTCCATGGCTTCG 
a n d  T T G G T G A T T G T G G G G T A C C A G  T A C 
were used to amplify the 3′ terminal fragment, while 
AAGGGATCCAATACCTTGAAATTAA TAATCCATC 
and TTAACTGCANGCTGATGCTGTC were used to amplify 
the 5′ terminal targeted segment. Both the 5′ (500 bp) and 3′ 
(744 bp) The gene was cloned from PCR fragments into the 
plPBLP expression vector in the opposite direction of the 
blasticidin resistance cassette using the restriction sites BamHI/
PstI and NcoI/KpnI. Since we linearized the knockout cassette, 
elec troporation yielded wild-type cells. Isolating transformants 
was a breeze with the help of blasticidin-containing nutritional 
medium (10 g•mL). Diagnostic PCR products were generated 
from target gene genomic DNA and knockout vector sequences, 
and they were used to test individual clones for homologous 
integration. Following the identification of three separate 
isolates, Raoultella planticola was clonally plated with the 
isolates, and isogenic colonies were employed in further 
investigations.
Assay for the Random Migration of Dictyostelium Cysts 
After 48 hours in Axenic medium, Cells of wild-type and pkd2 
were extracted, cleaned, and resuspended at 1.7 106 cells/mL 
before being exposed to 30 nM cAMP for six minutes at a 
time while being shaken at 120 rpm. The purpose of these 
experiments was to determine how naringenin affects 
Dictyostelium random cell migration.41 Following one hour 
of shaking in 8-well glass coverslips with Naringenin 200 
M or 0.7% DMSO (solvent control), cells were randomly 
moved and photographed every 15 seconds for 5 minutes to 
document this process. A minimum of three independent tests 
were carried out for each cell and condition, with an average 
of about 10 cells being quantified in each experiment. Quimp 
11b, an ImageJ plugin, was used to examine random cell 
movement.42 In MATLAB, we observed how the presence or 
absence of naringenin affected the speed, direction, range, and 
total number of protrusions for each cell line. The effects of 
naringenin on random cell motion were analyzed, including 
how it impacted the cells’ ability to move in circles, the number 
of protrusions they made, and the distance they traveled. We 
compared the differences between the groups using Tukey’s 
post hoc test and one-way ANOVA.
MDCK Cell Culture 
A 10% FBS, 40 g mL-1 gentamycin, 100 units mL-1 penicillin, 
and 1040 g mL-1 streptomycin DMEM medium was used to 
cultivate MDCK cells. This was done at 37℃ in an environment 
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containing 5% carbon dioxide and a humidified atmosphere. 
In each and every test of cytotoxicity and cyst formation, cells 
with fewer than 18 passage numbers were used.
MDCK Cell Viability Assays 
Assaying with sulforhodamine B (SRB) allowed us to find 
out if naringenin had an antiproliferative impact on MDCK 
cells when it was mixed with DMSO (up to 0.1% DMSO by 
volume). Over the course of 48 hours, naringenin (1-100 M) 
was added to the 96-well plate in which 10,000 cells had been 
seeded and allowed to adhere for 24 hours. After taking out 
the medium, after incubating the plates at room temperature 
for 10 minutes, we poured 100 L of 0.4% (w/v) SRB in 
1% (v/v) acetic acid into each hole. After the SRB solution was 
taken away, the cells were washed with 1% acetic acid five 
times and then dried at room temperature in the air. To remove 
SRB from adherent cells, plates were shaken horizontally in 
10 mM tris base (unbuffered) at room temperature for at least 
10 minutes. Using an ELx808 Absorbance microplate reader, 
the absorbance was determined to be 550 nm. The gold 
standard for this study was actinomycin-D. (5 M). As was 
previously disclosed, measurements of 510 nm were used to 
test for neutral red absorbance.43,44 EC50 values were computed 
using GraphPad Prism’s four-parameter non-linear regression. 
MDCK Cyst Culture and Mmeasurement 
We adhered to a recognized protocol for cyst growth 
investigations. In 24-well plates, MDCK cells were grown, 
to put it briefly. 800 cells per well of a cell suspension were 
added, along with a chilly 0.4 mL of PureCol by Nutacon 
BV ice-cold collagen, 10 mM HEPES, and 27 mM NaHCO3. 
Gentamycin, penicil, and streptomycin were also added. 
Collagen-containing cell-filled plates were approximately 
2 hours in an incubator at 37℃, with humidity, and 5% carbon 
dioxide. Before reincubating the plates, Forskolin (10 M) 
and fetal bovine serum (10% FBS) were added to DMEM 
(1.5 mL/well). Fresh DMEM media supplemented with 
forskolin was added to the cells until the end of day 12. (10 M). 
Within three days of plating, the cells developed into cysts, 
they were then 100X magnified and photographed using an 
inverted microscope. At the end of day 6, 50 cysts were chosen, 
and every cyst with a diameter larger than 50 m grids made 
from microscope slides were placed in each compartment. 
The MDCK cells that had been transfected underwent the 
same procedure. On days 6, 8, and 10, DMEM (1.5 mL per 
well) with 10 M forskolin was mixed with 1, 3, 10, 30, 60, and 
100 M maximum concentrations of 0.1% DMSO for naringenin, 
10 M metformin, vehicle control (0.1% DMSO), and vehicle to 
see if there was any effect on cyst formation. On days 6, 8, 10, 
and 12, pictures were taken of the cysts in question. Image J 
was used to figure out how big the cyst was (mm2).
MDCK Monolayer Electrophysiological Studies
A seed density of 2 x 105 cells per cm2 of Snapwell permeable 
supports was used for the plating of MDCK cells. In culture, 
cells organized into monolayers in an atmosphere at 5% CO2 
and 37℃. After 12 to 13 days, monolayers were employed in 

experiments, additionally, every two days, new media was 
introduced. The Krebs-Henselheit (KH) buffer was applied to 
both sides of the monolayers set up in using chambers. In mM, 
the following chemicals make up the KH buffer. To keep the 
pH at 7.45, 95% O2 and 5% CO2 are used to bubble the water. 
Buffer tanks with heated water jackets allowed for experiments 
to be conducted at 37℃. The Bio-Pac MP100 A/D converter, 
Acknowledge 3.8.2 software, and DVC-1000 voltage-clamp 
amplifier were used to record the short-circuit current. (ISC). 
MDCK monolayers exhibited a 0 mV transepithelial potential 
difference (Vt). To calculate the transepithelial resistance, the 
change in current following brief voltage changes between 0 
and 1 mV (2 seconds) was used. The spontaneous Vt of fixed 
MDCK monolayers was 4.7 1.3 mV (n = 12) an average ISC of 
1.0 0.3 A•cm2, a transepithelial resistance of 2152 308 cm2, 
and an ISC of 1.0 0.3 A•cm2 on average.
siRNA Transfection of TRPP2 
Up to 80% of the MDCK cells were conf luent. Before 
transfection, cells were cultured in reduced serum media 
called Opti-MEM overnight for transfection experiments. After 
that, cells were transfected for 24 hours either siRNA with a 
random sequence utilizing lipofectamine 2000, a lipid-based 
transfection agent, either human or canine TRPP2 siRNA was 
transfected at a final dose of 20 nM (per well). (Invitrogen). 
Cells were given 12 hours of antibiotic-free recovery time in 
DMEM. Cells were re-transfected with the same method the 
next day. The transfection efficiency of this double transfection 
method was between 60 and 70%. Cells were cultured for 
another 24 to 48 hours after transfection before doing Western 
blotting, cyst culture, or a proliferation experiment. Confocal 
microscopy was used to analyze the subcellular localization 
and stability of siRNA in transfected cells grown in chambered 
glass slides. According to the Concise Guide to Pharmacology 
published by the British Pharmacological Society (BJP), 
TRPP2 (polycystin-2) has been designated as a molecular 
target.45 
Analysis via Western Blotting 
Cell lysates were extracted from both control and transfected 
cells using RIPA (50 mM Tris-HCl pH 7.4, 150 mM NaCl, 
1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS, and 
1 mM EDTA). Using 4 to 12% bis-tris acrylamide gels, protein 
samples (50 g) were separated before being transferred to 
nitrocellulose membranes and incubated overnight at 4°C with 
mouse monoclonal anti-actin antibody or anti-TRPP2 antibody 
in PBS. Following an hour of incubation at room temperature 
with IR Dye anti-goat/mouse secondary antiserum, the blots 
were washed three times with PBS/0.01% TWEEN 20. Infrared 
imaging methods were used to quantify immunostained 
proteins. 

RESULTS

Dictyostelium Growth is Inhibited by Naringenin 
We first set up conditions for screening a Dictystelium REMI 
mutant collection to figure out how naringenin works at the 
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molecular level. Wild-type Dictyostelium was observed with 
an EC50 between 50 and 100 M, naringenin stopped after 
48–96 hours of growth in shaking cultures (Figure 2A). 
However, Dictyostelium grew normally at up to 200 M 
naringenin concentrations on nitrocellulose screens, where 
the cells unite to form fruiting bodies. We were able to 
isolate cells resistant to naringenin by exposing a pool of 
REMI mutants to 200 M naringenin in a shaking culture for 
21 days. Under these circumstances, naringenin-resistant cells’ 
sequence analyses identified 26 mutants with a broken open 
reading frame, which may regulate naringenin’s effect on cell 
proliferation. The pkd2 gene was deleted, which would have 
produced the terminated TRPP2 protein (DDB_G0272999). 
The molecular mass of this protein was also identical to the 
human protein, coming in at 82.2 kDa (715 aa) (variant 1; 87.0 
kDa; 758 aa). It shared 26% sequence identity with the human 
protein and was 49% comparable to it, and both had the same 
number of putative transmembrane domains (Figure 2).
Naringenin’s Action on Dictyostelium is Mediated by 
TRPP2
By producing the pkd2 Inactivated mutant allele of a gene in 
parental cells, the effects of nariningenin on pkd2 cells and 
wild-type cells were studied (Figure 4). First results from 
these two cell lines showed that wild-type cell proliferation 
was greatly reduced by 100 M naringenin at 48 and 72 hours 
(P 0.001) (Figure 5), while the growth of pkd2 mutant cells 
was slower than that of wild-type cells when naringenin was 
not present but did not change significantly when at both times,
100 M of naringenin was added. To get a better idea of 
how big this resistant phenotype was, and because we had 
already shown how different dietary chemicals affect how 
Dictyostelium cells act (Robery et al., 2011), we also looked into 
how naringenin might affect how cells move and how they look. 
In these tests, cells were grown under controlled conditions 
for 5 hours. We observed and recorded their random cellular 
motion after 60 minutes of treatment with 200 M naringenin. 
You can see that naringenin stops wild-type cells from moving 
and makes them round up (Figure 2B, D). The pkd2 mutant, 
on the other hand, didn’t change much when naringenin 
was added, based on how circular it was (Figure 2B), how 
many pseudopods it had (Figure 2C), or how the cells moved 
(Figure 3). (Figure 2D). Based on these results, TRPP2 is in 
charge of how naringenin changes Dictyostelium moves.
MDCK Cell and Cyst Growth is Suppressed by 
Naringenin
Given that human TRPP2 protein mutations are linked to 
the growth of stones form in the kidneys of people with 
“polycystic kidney disease (PKD)” (Chapin & Caplan, 2010), 
Next, we looked into whether naringenin inhibits cell growth 
in mammals by binding to TRPP2. Cyst development in the 
MDCK canine kidney due to its similarity to the human PKD1 
cell line, expression of TRPP2 (Schlatterer & Malchow, 1993) 
(X. Li et al., 2005). Using two different assays to measure cell 
growth, Using EC50 values between 28.51 M, naringenin 

Figure 2: Naringenin’s inhibitory effects on the growth and cellular 
activity of Dictyostelium were controlled by the TRPP2 protein. (A) In 
a concentration-dependent manner, naringenin suppresses dictyostelium 
development in liquid culture. (B) After being exposed to naringenin, 
When compared to wild-type cells treated to vehicle, these cells were 
substantially more circular (blue circles). (C) Cells of the wild type treated 
with naringenin (blue circles) pseudopod development was drastically 
reduced weighed against pkd2 mutant cells and vehicle controls, and (D) 
Treatment with naringenin significantly reduced motility in wild-type cells.

inhibited MDCK cell growth in this system during a time 
period of 24 to 48 hours (Figure 3). (neutral red assay and SRB). 

Two different assays, neutral red and SRB protein, were 
used to determine cell viability. For three different tests, we 
give both the average and the variation in the average. To find 
EC50 values, we performed a non-linear regression analysis. 
Half-effective doses (EC50) were calculated to be 28.1 mM 
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(neutral red test) and 291 mM (SRB assay). R-values greater 
than 0.98 were observed.

We then looked at how naringenin affected the development 
number of tumors in this cell line, course of six days after a 
12 day treatment to see if there’s a way to use this method 
for making cysts. Twelve days after induction, six days of 
exposure to 100 M naringenin completely inhibited growth; 
at this dose, no cysts persisted. Another study revealed that 
the AMP-dependent kinase activator metformin (10 M) also 
suppressed cyst development (Takiar et al., 2011).
Polycystin-2 (TRPP2) Knockdown Shields MDCK Cysts 
and Cells from Naringenin
We employed the siRNA method to reduce TRPP2 expression 
in MDCK cells because development of those cells and cysts 
was inhibited by naringenin. Two proteins (90 and 130 kDa) 
were discovered by western blotting of MDCK cell extracts 
from separated cell culture, confirming the presence of TRPP2 
(Liang et al., 2008). After letting the cells heal for up to 48 
h and transfecting them siRNA targeting TRPP2 RNA or a 
control RNA. Western blot analysis could be used to measure 
how much MDCK protein had been lost. Both TRPP2 siRNA 
and TRPP2 + scrambled siRNA were used at concentrations of 
10 nmol. (TRPP2 siRNA only), the number of TRPP2 proteins 
was reduced in a dose-dependent manner using this approach. 
After 24 hours, protein levels dropped to 56.5, 398.2% after 
48 hours, and 32.2% after 12 days when 20 nmol of TRPP2 
siRNA was given to the cells. (Figure 4). 

After 48 hours of exposure to increasing doses of 
naringenin, transfection of MDCK cells with either a control 
siRNA or TRPP2 siRNA was followed by an assessment of their 
ability to proliferate. When comparing cells transfected with 
scrambled siRNA to those that weren’t transfected, we found 
that the TRPP2 siRNA transfected cells were more resistant 
to the growth-inhibiting effects of naringenin. (Figure 6). 
Figure 3 displays an increase from 28.1 M to 65 M in the EC50 
value for naringenin. The EC50 for growth suppression was 
not affected by transfection with randomly modified siRNA. 
(30 M). At a point when TRPP2 protein was 39% of control 
levels, naringenin’s EC50 value had to be more than twice that 
to suppress cell proliferation (48 hours) (Figure 5).

For 6 days, cysts were grown in MDCK cells without 
transfection or in pre-treatment TRPP2 siRNA-transfected 
cells with naringenin (1–100 M). (until day 12). Evidence 
that decreased functional TRPP2 levels promote cyst 

production and expansion can be seen in the increased size 
of transfected cysts with knocked-down TRPP2 compared 
to their untransfected counterparts. Transfected cysts at day 
6 showed increased resistance to naringenin’s suppression at 
10 M and 30 M compared to control cysts. (Figure 7C) (at day 
12). After 12 days, cysts were no longer visible when treated 
with 100 M naringenin. Further supporting the selectivity of 
TRPP2 siRNA therapy was the observation that Transfected 
cyst growth was stifled by 10 M metformin without affecting 
the expansion of normal cysts. (Figure 7B).
Naringenin had No Effect on Chloride Secretion in 
MDCK Monolayers 
Super-physiological quantities of naringenin (EC50 > 330 M) 
have been found to decrease chloride secretion (in the rat 
colon), however, other studies have found that it stimulates 
more chloride to be expelled. Cyst growth can be controlled 
by decreasing cAMP-dependent chloride secretion, for 
example. Then, we looked into how narin genin affected ISC 
(forskolin-induced chloride secretion) (Figure 8). Forskolin 
(at 20 mM) was added to the monolayers after they were 
pretreated Using either 30 microMolar (M) naringenin or its 
transporter, 0.1% dimethyl sulfoxide (DMSO). When forskolin 
was administered for ten minutes, there was no difference in 
ISC between monolayers treated with vehicle (2.0 0.4 cm2, 

Figure 3: Proliferative, non-polarized MDCK cells were inhibited by 
naringenin after 48 hours

Figure 4 : Naringenin inhibits cyst development. Normal cysts (A) Normal 
cysts captured in microscopic detail. (B) Relationship between cyst size 

and therapy

Figure 5: MDCK cells with knocked-down TRPP2 (PC-2). Cells 
transfected with TRPP2 for 12 days (lanes 4-7). (lanes 4–5). In lanes 1 and 
2, cells were not transfected with siRNA for 48 hours; lanes 3 and 4 were 
transfected with TRPP2 siRNA for 48 hours; lanes 5 and 6, respectively, 
were transfected with TRPP2 siRNA for 12 days. (12 days). Molecular 
signature; M. There was a 30 g/lane concentration of sample loading. 
(B) Fluorescence intensity of TRPP2/-actin was normalized to that of 
nontransfected cells. Estimated mean deviation, n = 3–5. In comparison 

to a day-matched control group, *p > 0.05
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n = 6) and naringenin (2.1 0.5 cm2, n = 6; p 0.05, one-way 
ANOVA). Furosemide was given after the forskolin response 
had already started to decrease. Furosemide is an inhibitor of 
basolateral chloride absorption. ISC were largely unaffected, 
showing that forskolin’s effect on stimulating chloride secretion 
was transient.

DISCUSSION AND CONCLUSIONS	

Dictyostelium growth is stifled by naringenin by way of 
TRPP2 
We present the first evidence that TRPP2 is involved in 
naringenin’s previously reported reduction in renal tubular 
cell growth and cyst formation. Dictyostelium served as a 
model organism for pharmacogenetic studies, allowing for 
the determination of this effect and the mechanism by which it 
operates. Compared to the previously reported value of 20 mM, 
our results demonstrated that naringenin considerably inhibited 
Dictyostelium growth at concentrations between 50 and 
100 mm.46 After 60 minutes of treatment, naringenin reduced 
cell behavior (shape, creation of pseudopods, and random 
cell movement). It was found that the naringenin-inhibitory 
action was provided pkd2 mutants failed to experience the 
naringenin-dependent change in cellular phenotype this 
resistance was most likely caused via means of TRPP2 protein 
production. The growth of Dictyostelium was discovered to 
be stifled by the flavonoid apigenin. Naringenin may have 
structural specificity via a TRPP2-dependent impact, as it 
appeared to have an effect when quercitin and chrysin did not. 

Although the method by which TRPP2 controls the behavior 
of dictyostelium cells is unknown, calcium signaling has been 
implicated in Dictyostelium.47 Our results demonstrate that 
naringenin induces changes to the cytoskeletal structure 
and prevents cell migration behavior were supported by the 
findings of these studies, which demonstrated that there is an 
instantaneous drop in calcium levels outside of cells reduced 
cell motility and led to detachment from the supporting 
substrate. The breakdown of the cell’s internal structure led to 
this. Additionally, BAPTA loading hindered cell mobility and 
pseudopod emission by chelating intracellular calcium.48 In 
the future, studies might also take into account TRPP1, which 
is the name of a possible protein that plays a role in pkd1 in 
Dictyostelium (DDB_G0289409).
Naringenin Blocks the Development of Kidney Cells via 
TRPP2
Naringenin stopped the renal MDCK cell and cyst growth 
at EC50 values comparable to those of Dictyostelium 
(50 M). Inhibition of this protein by siRNA showed that TRPP2 
was responsible for regulating the growth-inhibitory impact 
of naringenin on MDCK cells, and discovered that TRPP2 
expression was present in these mammalian cells. TRPP2 
has been studied extensively in kidney tubule cells because 
to its multifaceted role in mammalian cells. Polycystin-2 
(TRPP2), The endoplasmic reticulum and the major cilium 
both include this ion channel, which belongs to the transient 

Figure 6: After 48 hours, naringenin’s inhibitory effects on TRPP2 siRNA-
transfected MDCK cell growth diminished. Scrambled siRNA transfection 

followed by naringenin therapy had no effect on cell growth. 

Figure 7: The growth-inhibiting effects of naringenin can be avoided 
by transfecting cysts with siRNA targeting TRPP2. (A) Photographs of 
transfected cysts treated for 12 days (B) Cyst size as a function of whether 
the cysts were exposed to medium (control) (C) before and after naringenin 

treatment, as well as in transfected cysts. 

Figure 8: Alteration of cAMP-dependent chloride secretion by naringenin. 
(A) Typical short-circuit current traces demonstrating the effects of 

naringenin  (B) Summary results (mean SEM, n = 6)
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receptor potential (TRP) family.42 The major cilium kinks in 
response to shear stress, which triggers TRPP2 and allows 
Ca2+ to enter the cell. Ca2+ inflow stimulates TRPP2 on the 
ER, which causes Ca2+ release and increases intracellular Ca2+ 
concentration, promoting cell development. Ca2+ promotes 
PDE and maintains a low level of cAMP, it prevents further 
growth of cysts by blocking the Ras/Raf/MEK/ERK pathway. 
PKD1 and PKD2’s equivalent mutations disrupt TRPP1 or 
TRPP2, cause flow-sensitive PKD. Cyst proliferation results 
from decreased Ca2+ influx, increased cAMP, and activation 
of Ras/Raf/MEK/ERK pathway. 

We propose that activation of TRPP2 by naringenin might 
facilitate Ca2+ influx and inhibit cellular growth. Numerous 
channels. Several ion channels, The naringenin has been 
demonstrated to modulate a variety of cellular processes, 
including the “big conductivity (BK)” Inducible kinase activity 
in vascular myocytes.48 It is intriguing that naringenin can 
inhibit development by attaching to TRPP2 and turning it on.

The TRPP1/TRPP2 complex has been shown to affect 
growth regulation via multiple signaling pathways, including 
Ca2+ and cAMP, mTOR, STAT1/3, Proliferation, apoptosis, 
and differentiation are all controlled by G proteins, and the 
-catenin/Wnt pathway is responsible for cell division.49 The 
interaction between TRPP2 and the proliferation-promoting 
transcription factor Id2 is particularly intriguing. Mutations 
in TRPP2 create a scenario where Id2 can enter the nucleus 
and mute growth-restricting genes, leading to ADPKD. 
Hypothesized to inhibit cell proliferation by a mechanism 
similar to phospho-ERK-driven eIF2 phosphorylation, TRPP2 
promotes eIF2 phosphorylation.50 It is important to learn more 
about these channels’ role(s) in naringenin’s activity.

Remember that neither metformin nor naringenin lost 
any of their ability to suppress cyst development after being 
transfected. Metformin upregulates AMPK, a kinase that 
works with mTOR to control growth.42 Essential for Cl 
secretion, apical “CFTR (cystic fibrosis transmembrane 
conductance regulator)” channels are also downregulated 
via the “AMP-activated protein kinase (AMPK)” pathway.45 
Metformin shows considerable promise as a possible therapy 
option for ADPKD due to its ability to reduce cystogenesis 
and chloride secretion.
Cl secretion is not Inhibited byNringenin
Genestein and apigenin, among other flavonoids, control the 
amount of chloride secreted across the epithelium via the 
CFTR.43 Consistent with a prior observation, forskolin caused 
a temporary increase of ISC in MDCK cells. Neither ISC nor 
the response to forskolin were affected by Naringenin.46 These 
findings suggest that a decrease in cAMP-dependent chloride 
secretion was not the cause of the decrease in cyst development.

There are no therapeutic treatments for PKD yet 
authorized.41 An additional, more risky choice involves direct 
channel blockade or metformin-induced CFTR inhibition (X. 
Li et al., 2005; Takiar et al., 2011); metformin- or Inhibiting 
B-Raf is a key process along the MAPK/ERK pathway. We can 
make assumptions based on our findings about naringenin’s 

possible role in the therapy of ADPKD. Naringenin probably 
won’t benefit ADPKD patients because 15% of them no longer 
have TRPP2 function. In those with the majority of ADPKD 
cases, naringenin may activate TRPP2 and prevent cyst 
development if TRPP2 is present but TRPP1 is dysfunctional. 
This would present a novel treatment approach for the 
management of ADPKD. More investigation is now required 
to determine whether naringenin can effectively treat ADPKD.
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