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ABSTRACT

In the case of Autosomal dominant polycystic
kidney disease, patients are usually cured with Vasopressin
(V2) receptor antagonists, which delay the ongoing growth
of cyst formation and slow the pace of AD disease
progression. Before we know more, it is uncertain if the
increase in vasopressin amide levels that was detected
during V2RAT treatment impacts the production of
glucose in the intestines. Cell growth and fluid secretion are
aided by high intracellular concentrations of adenosine
3',5;-cyclic monophosphate (cAMP), which leads to cyst
development. SST, a hormone implicated in a variety of cell
activities, has the potential to block the generation of
intracellular cAMP. Nevertheless, since Somatostatin is
quickly removed in vivo, it has little therapeutic promise.
As a result, analogues with a longer half-life have been
established, which might be potential medicines in the
therapy of ADPKD. This review covers the complicated
physiological consequences of Somatostatin, especially on
the kidneys, as well as the possible therapeutic use of SST
analogues in ADPKD.

Keywords- Kidney Disease, Renal Physiology,
Somatostatin, IgA nephropathy.

I. INTRODUCTION

Adoption of the prevalent “polycystic kidney
disease (AD-PKD)” is an hereditary ailment where the
kidneys develop multiple cysts, causing Kidney activity
to be significantly reduced. A growing number of people
diagnosed with Aortic incompetence are treated with
vaptoglucerpine V2 antagonist vasopressin V2
antagonism, which can delay their disease development.
The V2 receptor associates with and activates the aquin
Il (specifically, channel-translocating) channels in the
renal tubule epithelial cells, which causes movement of
the cells to the cells to the accumulating tubule
membrane. These channels enable water to pass from
the lumen into the interstitial tissue and into the
surrounding capillary capillaries, which lessens urinary
production. To inhibit the V2 vasopressin receptor
activity, a vasopressin V2 antagonist elicits an increase
in vasopressin's urinary osmol and plasma accumulation,
resulting in an increase in vasin secretion from the
neurosecretory glands. Polyamide is a strong-ampiaz that

does not selectively antagonize vasopressin and may be
antagonised by other vasodilators other than this one.
Since vasopressin stimulates each of these subtypes,
exposure to high levels of the medication can drive the
vasopressorsiont level higher. Before then, the answer to
this question is discovered; it is uncertain whether this
would have any therapeutic effect.

Vasopressin can also bind to “V1 and V3
receptors on the adrenal cortex”, and then causes a direct
rise in cortisol secretion. Researchers are exploring the
HPA axis in ADPKD patients to provide fresh
information on the interrelationship between cortisol
synthesis and antidiuretic hormone. For medicinal
purposes, an improvement in glucose-related derivatives
might be importantil, Because a small increase in
cortisol levels increases coronary incidents and
mortality, researchers believe that stress levels may be
especially important in individuals in this case. The
present term the need for further vigilance in the study of
ADPKD patients concerning cardiovascular
complications resulting from the tendency of their
disease to expand.

We wanted to explore first, then, therefore, how
stable individuals and patients with IgA nephropathy-
induced ADPKD (impaired Kkidney glomerulide
associated nephropathy) compare with healthy controls
on their HPA axis baseline behaviour. This community
was then studied as well to discover if improvements in
glucoside excretion!® were only related to the decline in
kidney function or if they may be due to other factors
that could also affect their functioning.®! To see the
impact of the rise in vasopressin levels on glucocoid
metabolism, the experiment was conducted in the
presence of V2 receptor antagonist.

SSTis a hormone that suppresses CAMP
generation in a change of organs, and the liver and
kidney, both direct and indirect. Somatostatin analogues
may thus have a function in the therapy of both the renal
and hepatic phenotypes of ADPKD. The majority of
research on Somatostatin as well as its complicated
“signalling pathway is from the 1980s and 1990s”. The
function of Somatostatin and Somatostatin analogues in
physiology, with an emphasis on renal consequences,
especially in the pathophysiology of ADPKD, is
summarised in this study. Somatostatin's hepatic impacts
have lately been evaluated in another publication.
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Il. PAST OF SOMATOSTATIN

Krulich identified SST or SRIFas a
development hormone substance generated by the
hypothalamus in the year 1968. “Hellman and Lernmark
discovered an insulin-inhibiting factor secreted by the
pancreas a year later”. Brazeau determined in 1973 that
the same hormone, somatostatin, was responsible for
both events. Following its finding, investigations
indicated that somatostatin is generated more broadly all
through body and also has a wide range of biological
actions, the majority of which are inhibitory.

The physiology of SST:

SST is produced as part of preprosomatostatin
(prepro Somatostatin), a big “precursor protein” that is
swiftly converted into  “prosomatostatin”  (pro
Somatostatin). The C-terminal portion of this
prohormone is enzymatically digested to produce two
bioactive forms, Somatostatin -14 and Somatostatin -28.
Pro Somatostatin may also be cleaved at some other
locations, resulting in four additional cleavage goods,
however it's unclear if these later cleavage products have
any physiological role.

protealytic cleavage sites
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Figure 1: SST: its precursors and cleavage products
(modified from Patel et al. [13]).

Secretion of Somatostatin:

Somatostatin is made by a variety of cell types.
The majority of Somatostatin-producing cells may be
located in the central as well as peripheral neurological
systems, and also the pancreas and also the
“gastrointestinal tract”. Somatostatin-producing cells
may also be detected in other organs, but in lesser
quantities, such as the kidney. The gastrointestinal tract
accounts for around 65 percent of total body
Somatostatin, whereas the central nervous system
accounts for 25%, the pancreas for 5%, and the other
organs for 5%. A wide range of substances, including
ions, minerals, neurotransmitters, peptides, growth
factors, hormones, including cytokines, may either
promote or inhibit SST secretion. Some of these drugs
have similar impacts on SST cells in various parts of the
body, while others seem to have tissue-specific impacts.
For instance, foods such as glucose enhance
Somatostatin secretion by pancreatic d-cells while
inhibiting Somatostatin secretion by hypothalamic cells.
Renal localization of Somatostatin-producing cells as
well as STRs:

Somatostatin-producing cells may also be
detected in the kidney, as previously stated. Somatostatin

is released by mesangial cells including proximal tubular
cells, according to in vitro research. cCAMP stimulates
secretion, whereas epidermal development element and
hydrocortisone suppress it. Because Somatostatin is an
intrinsic inhibitory regulator, it's possible that even after
attaching to renal SomatostatinRs, this renalderived
Somatostatin controls mesangial and proximal tubular
cell development and function. Only a few research have
looked at the location of SSTRs in the kidney.
Somatostatin R1, -2, and -5 are mostly found in the
distal tubules, according to this research. Conversely,
with the exception of the collecting duct, a recent
investigation demonstrated helpful discoloration for all
receptor sub-types all through the “tubular system”. Our
research team also looked at the location of
SomatostatinR in the kidney. SomatostatinR2 expression
was found mostly in “distal tubules” as well as gathering
ducts in mice, which matched mRNA expression. We
observed contradictory evidence for immunostainings as
well as mRNA expression in people. However,
comparing human research is challenging since most
concentrate on just limited parts of the kidneys or
various antibodies were utilised, often with differing
antigen specificity for Somatostatin receptors. It's crucial
to understand that Somatostatin receptor subtypes are
represented in numerous parts of the nephron for
Somatostatin analogue treatment, which will be covered
later. As a result, additional study into SomatostatinRs'
renal localisation is needed.

Consequence of Somatostatin pathway initiation in
renal physiology:

Somatostatin binding to Somatostatin receptors
may trigger pathways that influence renal cell function
as well as proliferation, as previously discussed.
Somatostatin presumably influences renal cell activity
and proliferation in an autocrine/paracrine way since
renal cells both produce Somatostatin and exhibit
Somatostatin receptors. “This notion is reinforced by the
fact that, whereas all Somatostatin receptors exhibit
nanomolar  affinity  for  physiologically  active
Somatostatin (Somatostatin -14 and Somatostatin -28),
systemic fasting plasma Somatostatin levels are 100-—
1000 times lower, ranging between 0.008 and 0.02 nM,
or 14-32.5 pg/mL”. These extremely low levels are
thought to be too low to trigger Somatostatin receptors in
the kidney. Given that Somatostatin is partially removed
by the kidney, processed Somatostatin might
conceivably reach larger amounts in (pre)urine, thereby
modulating downstream tubular functioning. The
production of aldosterone as well as renin is inhibited
when Somatostatin receptors are activated.
Somatostatin is thought to be involved in renal water
management and may suppress renal cell growth,
according to many studies. Moreover,
Somatostatin produces glomerular vasoconstriction,
which causes a decrease in renal blood flow and, as a
consequence, a drop-in glomerular filtration rate (GFR).
Somatostatin 's capacity to decrease renal cCAMP
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synthesis is likely responsible for all, or at least a
portion, of these physiological activities. Surprisingly,
high level of cAMP constitute one of the key negative
aspects in  the  pathogenesis of  ADPKD.
Somatostatin and similar agonists have the ability to
have a therapeutic impact in Autosomal Dominant
Polycystic Kidney Disease in theory.
Somatostatin Analogues:

Several analogues with differing sensitivities
for the Somatostatin receptors subtypes occur due to

changes in ring chemistry, size, as well as location of
bridging units. Octreotide, lanreotide, and pasireotide are
the most common and clinically utilised SST analogues.
These medications have a lot of clinical experience since
they've been used for a long time to treat neuroendocrine
illnesses including acromegaly by reducing growth
hormone production, as well as neuroendocrine tumours
by decreasing serotonin release. For each purpose,
different Somatostatin  equivalents, administration
routes, and dose regimens are employed.

Table 1: SST analogues and their characteristics

SST analogue Manufacturer Receptor

Registered indications

Administration route Dosing regimen

affinity [38]

Octreotide Novartis SSTR2 > Acromegaly IR IR IR

(SMS 201-995,  Pharmaceuticals SSTR3, -5 Gastro-entero-pancreatic Subcutaneous Subcutaneous  Subcutancous 2-3x per day

Sandostatin) endocrine tumours Intravenous 100 min LAR  Intravenous continuous
Advanced neuroendocrine LAR steady state LAR

tumours Intramuscular
TSH-secreting pituitary

for 3-4 weeks 1% per 4 weeks

adenomas
Prevention of complications
after pancreatic surgery
Acute oesophageal variceal

bleeding
Lanreotide Ipsen Lid, SSTR2 > Acromegaly ATG ATG ATG
(BIM 23014, SSTR3, -5 Gastro-entero-pancreatic- Subcutaneous 23-30 days 1% per 4 weeks
Somatuline) neuroendocrine tumours SR SR SR
Thyrotropic adenomas Intramuscular 5 days 1x per 7-14 days

Pasireotide Novartis SSTRY, -2, -3, Acromegaly IR IR IR
(SOM-230, Pharmaceuticals -5 Cushing's discase Subcutaneous 12h 2x per day
Signifor) LAR LAR LAR

Intramuscular 16 days 1% per 4 weeks

IR, immediate-release; LAR, long-acting release; ATG, antogel: SR, dow-release. The information in this table is derived from hitps://www.medicines.org uk/emc/. Year of last update

2016 for octreotide and lanreotide; 2017 tor pasircotide; Year of access 2018,

Diagnosis of ADPKD

Those who have a family history of ADPKD
(i.e., whose parents, siblings, or children have ADPKD)
should be screened for the disease. It is especially
important to interview relatives from three generations
in-depth about their family history of the illness.[*%]
“While criteria are lacking, when bilateral renal cysts are
present and two of the following criteria are also met, the
condition can be presumed to be renal cystic carcinoma:
bilateral renal enlargement, the presence of more than
two hepatic cysts, the presence of a cerebral aneurysm,
or a solitary cyst in the arachnoid, pineal gland,
pancreas, or spleen. People aged 15 to 39 should have
three or more cysts on one or both kidneys to diagnose
renal cysts”. To prevent problems, everyone in this age
group should have two cysts in each kidney.*l It is
possible that genetic testing may lead to the discovery of
a particular PKD1 or PKD2 mutation. There are a
limited number of applications where this kind of testing
is used, but it should be.
Treatment:

High blood pressure is a frequent and early
symptom of illness in patients with advanced Kkidney
disease (ADPKD), and when left uncontrolled, Because

ADPKD leads to more cardiovascular complications
than normotensive ADPKD, the development of end-
stage renal disease and cardiovascular repercussions is
much quicker in those with ADPKD. Despite the well-
established link between high blood pressure and
decreased renal and patient outcomes in ADPKD.*] The
RAAS blockers, which traditionally have been viewed as
the most effective in treating hypertension associated
with ADPKD, remain an enigma.

Transplant:

The normal age at transplant for Autosomal
Dominant Polycystic Kidney Disease patients is 51.2
8.6, with no statistically significant differences in “post-
transplant hypertension, proteinuria, erythrocytosis,
acute rejection episodes, graft function, and, most
importantly”, the prevalence of acute rejection episodes
compared to other renal transplant patients. Patients with
ADPKD, on the other hand, had a substantially higher
risk of acquiring diabetes mellitus after transplantation
as compared to non-ADPKD patients, according to the
study. Simultaneous nephrectomy may also be done at
the time of transplantation, and recent research shown
that it results in low morbidity while eliminating the
hazards of interval dialysis.l*®! This combined approach,
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however, is not without hazards, which include one
incidence of wound dehiscence and one case of adrenal
insufficiency identified throughout the study.

I11. NOVEL THERAPIES

mMTOR inhibitors

Renal tubular epithelial cell proliferation is
increased in ADPKD patients and animal models, which
has been demonstrated to be associated with activation
of the mTOR pathway in both people and animal models
of the disease.*®! Therefore, new treatments for ADPKD
include the use of mTOR pathway inhibitors, such as
rapamycin and everolimus, which have been
demonstrated in animal models to decrease cyst
development and maintain renal function. Rapamycin
and everolimus are examples of such medicines.

A randomised, single-blind study in 2009 was
carried out with 8 ADPKD patients who received “1 mg
per day of rapamycin in their mouth for six months in
addition to the Angiotensin receptor blocker
telmisartan”, one of the most current data supporting the
use of rapamycin in humans. In addition, eight more
ADPKD patients were just given telmisartan as the
control group.i**2% Prior to the start of the research, all
of the patients included had creatinines less than 2.0
mg/dL and negative urine cultures, indicating that they
were in good health. Kidney function was stable in three
patients who got the only treatment, worsened in three
others, and improved in two more patients who also
received the treatment. There were two cases of urinary
tract infection in the treatment group and two cases of
monilial pharyngitis in the control group, compared to
just two infections in the treatment group. Notably,
kidney capacity in the regulator cluster increased
significantly from 2668 mL at the start of the research to
3591 mL after 6 months of treatment, whereas the
treatment group had a considerably lower volume
increase.l? This was despite both groups receiving the
same amount of medication. As a result, the authors
believe that rapamycin, when used in conjunction with
an ARB, may be helpful in the treatment of ADPKD.
Symptomatic Treatment

In addition to rigorous blood pressure
management, the main emphasis of therapy for ADPKD
is prevention and supportive measures.?? This includes
pain  management, medications for urinary tract
infections, adequate hydration, and avoiding caffeine
and smoking. Because not all cysts interact with the
“urinary region, patients with parenchymal and cyst
involvement may develop a urinary tract infection”.

The considerable “stomach, back, and flank
discomfort associated with ADPKD is often severe
enough” to prevent patients from doing their normal
daily activities. Depending on the severity of the mass
effect caused by the huge development of the kidneys, or
the severity of individual cyst rupture, this pain is often
felt in the lower back or abdomen. It is not known what

causes this pain.[?>4 Pain treatment may be challenging
in these individuals since conventional methods, like the
practice of non-steroidal anti-inflammatory drugs
(NSAIDs), should be avoided because of their impact on
the kidneys.® Naloxone should only be used for acute
pain episodes in order to reduce the risk of developing
dependency on these medications. Despite these efforts,
individuals with ADPKD have pain that is controllable
by oral analgesics in a range of 50-70 percent of the
population. Therefore, when conservative treatments are
ineffective, surgical alternatives are accessible to the
patient. The most common of them is “cyst
decortication, which is now done laparoscopically and
has been shown in a study of 29 ADPKD patients to
result in a higher than 50% reduction in pain in 73
percent of patients at 12 months, 52 percent at 24
months, and 81 percent at 36 months”. At the same time,
separate research of 15 Autosomal Dominant Polycystic
Kidney Disease patients cured with laparoscopic
decortication found that pain reduced an average of 62
percent in 73 percent of cases after an average follow-up
of 2.2 years (range 0.5-5). Further research is required to
establish the advantages of decortication in the context
of long-term pain reduction. The treatment is not without
risks, however, and there have been reports of
postoperative “bleeding, ileus, increasing hypertension,
arrhythmia, pneumonia, and even death” as a result of
the surgery.[?81 Renal artery embolization is a promising
new treatment option for the symptoms related with the
mass effect of the kidneys. It is now being tested in
clinical trials. In this technique, the major renal artery is
embolized; however, selective embolization has been
tried in the past. It is usually done exclusively on
“dialysis-dependent patients” since it completely
destroys any residual renal function, effectively lowering
GFR to 0 in the process. “This is particularly essential to
consider in patients with end-stage renal disease who
still have some residual renal function, since renal artery
embolization will remove this remaining function, as
well as any possible advantages to quality of life that it
may provide”.?’l But a number of studies have shown
that the technique may successfully cure hematuria and
shrink kidney size while causing only minor side effects
such as transient flank discomfort, fever, nausea and
vomiting. The operation is performed under general
anaesthesia.
Vasopressin Receptor Antagonists

In addition to increased fluid production from
renal tubular epithelial cells, cyst development and
expansion are believed to be caused in part by increased
cell proliferation mediated by the mTOR pathway.[?¢
There are a variety of signalling cascades that are
involved in the secretion of fluid, including those that
are involved in the production of cAMP. Therefore,
medications that interfere with this system, such as
vasopressin receptor antagonists, are being investigated
as possible therapeutic options for patients with
Parkinson's disease. Vasopressin receptor antagonists
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work by interfering with the binding of vasopressin to
V2 receptors, which are usually found in kidney
collecting ducts, which are the main site of cyst
formation in ARPKD and potentially in ADPKD, among
other places. Vasopresensin stimulates adenylyl cyclase
when it binds to V2 receptors, resulting in the generation
of cAMP, which promotes cyst formation by boosting
fluid secretion and proliferative activity. It was
hypothesised that by inhibiting this route, disease
development might be disturbed and possibly prevented
if the illness was treated early in the disease course. In a
rapid move of cystic models of cpk mice, OPC-31260, a
V2 antagonist, inhibited cystic growth and azotemia and
reduced the incidence of the cystic illness.®] Another
investigation has shown that tolvaptan may be helpful
for the treatment of severe hypervolemic and euvolemic
hyponatremias even though it is much higher in the
animal model of PKD. The findings of the Phase 2
component of Tolvaptan are safe and well-tolerated by
ADPKD persons. One of the program's most significant
studies, a large placebo-controlled, double-blind study, is
currently underway. It is enrolling patients aged 18 to 50
who have ADPKD, but have preserved renal function
and are experiencing relatively rapid progression of the
disease, as “defined by total kidney volumes greater than
750 mL”.% The findings of the research should provide
light on the effectiveness of tolvaptan in terms of
delaying disease development.

IV. OCTREOTIDE

Octreotide has therapeutic promise since it
inhibits the synthesis of CAMP in the body. It was by
chance that a people having Autosomal Dominant
Polycystic Kidney Disease including a pituitary
adenoma was discovered to be stabilising the size of
their renal cysts while being treated with somatostatin
that the drug was initially considered as a possible
therapeutic option for these individuals. SST has now
been exposed in PCK rats to lesser blood cAMP stages
in animal models as well as to reduce kidney weights,
kyst volumes as well as kidney fibrosis, but no effect has
been shown on Kkidney function in these rats.[3!
Octreotide in humans have been shown to be well-
tolerated and to reduce significantly renal volume
growth in a six-month, randomised, crossover, placebo-
controlled trial, in particular by slowing down formation
of smaller size cysts and being well tolerated. Again,
octreotide had no effect on the GFR compared to
controls. There are many examples. The drug's long-term
advantages are yet unclear, and studies are now being
conducted to better understand somatostatin's function in
therapy.

Additional Agents

There are a number of other experimental drugs
in the treatment of ADPKD that are still under study.
These comprise “roscovitine, triptolide, pioglitazone,
and etanercept”, the functions of which can be clearer as

time progresses.*?l As additional information gets known
regarding the numerous experimental medicines
currently being evaluated in individuals with Parkinson's
disease (Table 1), new treatment suggestions that may be
beneficial to these patients may become accessible. In
the interim, patients should be encouraged to adhere to
existing management recommendations, according to the
guidelines.

Baseline Characteristics

Sex-Age matched stable monitors and function-
matched 1gA nephropathy (IgAN). The baseline
characteristics of the samples of ADPKD patients and
similarly aged, adult, adult, and normal kidney function
patients (ADPKD, IgA Nephropathy) are shown in Table
1. In the categories with significantly lower Kidney
capacity, renal failure and patients were shown in the
two comparison groups®3l, Secondly, the greater
frequency of significant decreases in 24-hour sodium
excretion was shown in patients with Autosomal
Dominant Polycystic Kidney Disease as well as with
IgA nephropathy, further supporting their suggestion to
follow moderate sodium intake recommendations.

With the data provided as median (with
nonparametric  methods used), total active s
characterised as the amount of 5a-reductase and cortisol
excretion, calculated as THF + aTHF, 11f;
nonparametric values for discrepancies between study
pools were checked with the Shapiro-Wilk 12 test for the
sum of THF and TCHF (50-THF). The level of the
polysaturic acid decreases (reduces) while the body is
deprived of water®1; AutoT does too, although the rate
is different, whereas for those with Autosomal Dominant
Polycystic Kidney Disease, it varies; activity in the level
of the immunoglobulin A; an interquartile range occurs.
In kidney and patients that use an antagonist with the
V2 receptor

Plasma

cYP1B2 CYP11B2
11-DOC corticosterone aldosterone
11g-HSD1 4
11-deoxycortisol cortisol § cortisone
cvP1Bty

Sp-reductase Sa-reductase Sa-reductase

N

ER SRS

24 hour urine

V. CONCLUSION

Among the most frequent hereditary diseases is
ADPKD. Appropriate therapy alternatives for ADPKD
are desperately needed, with an occurrence ten times that
of sickle cell disease as well as Fifteen times that of
cystic fibrosis. Latest, focused therapies have been
developed to disrupt cell signalling pathways liable for
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the irregular  dedifferentiation, apoptosis, cell
proliferation, as well as fluid secretion seen in
Autosomal dominant polycystic kidney disease and
ARPKD as a consequence of latest developments in our
comprehension of the molecular and genetic
pathogenesis of both diseases. Despite the absence of
conclusive solutions, several of such novel therapeutic
medicines show potential in limiting or regulating cyst
formation, offering much-needed relief in this seemingly
unending ailment.
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