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Abstract:

Diabetic nephropathy (DN) accounts for 50% of end stage renal diseases (ESRD). It is
mandatory to search for new prognostic markers like plasma copeptin that could facilitate early
diagnosis, treatment and wise planning of treatment strategy. Little studies were performed on
the relation between Plasma copeptin and diabetic nephropathy, yet this relationship is unclear

and needs further investigations.
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Introduction:

Copeptin (also known as CT-pro
AVP) is a 39-amino acid-long peptide
derived from the C-terminus of pre-pro-
hormone  of  arginine  vasopressin,
neurophysin Il and copeptin (Land H, et al.,
1982). Arginine vasopressin (AVP), also
known as the antidiuretic hormone (ADH),
is encoded by the AVP gene and is involved

in  multiple cardiovascular and renal

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15121 — 15131

pathways and abnormal level of AVP are
associated with multiple diseases (1). So,
measurement of AVP is useful, but is not
commonly used in clinical practice because
of its very short half-life making it difficult
to quantify. In contrast, copeptin can be
immunologically tested easily and therefore
can be used as a vasopressin surrogate bio-

marker (2).
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Figure (1): Cartoon of the 164-amino acid peptide precursor, preprovasopressin. Shows the signal
sequence (white), AVP (dark green), neurophysin Il (pale green) and copeptin (light green). Copeptin
(CT-proAVP) is the C-terminal part of proAVP. Numbers indicate amino acids of the human protein.
AVP: arginine vasopressin; CT-proAVP: C-terminal proAVP; signal: signal peptide. (3).

Synthesis and secretion:

Copeptin is a 39-amino acid-long,
glycosylated peptide (3). It is synthesized
mainly in the paraventricular neurons of the
hypothalamus and in the supra optic
nucleus(1).

During axonal transport, pre-pro-AVP
is proteolytically cleaved into vasopressin,
neurophysin 11 and copeptin (4). These
molecules are then stored in secretory
granules in the posterior pituitary and
released upon osmotic or non-osmotic
(hemodynamical; stress-related) stimuli (1).

Function:

Once secreted into the bloodstream,
there is no known biological role for
copeptin.  However, when  pre-pro-
vasopressin is processed during the axonal
transport, copeptin may contribute to the 3D
folding of vasopressin (1).

Surrogate vasopressin marker:

The size and half-life of copeptin
allow an easier immunological testing,
compared to vasopressin, and so copeptin is
proposed as a reliable AVP surrogate (2).

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15121 — 15131

The clinical interest in copeptin testing is
closely linked to the pathophysiological
pathways in which vasopressin is involved:
polydipsia-polyuria syndrome,
hyponatremia, syndrome of inappropriate
antidiuretic hormone secretion (SIADH) as
well as heart failure and acute coronary
syndrome (5).

In blood:

The concentration of copeptin in the
blood circulation ranges from 1 to 12
pmol/L in healthy individuals (5). The levels
of copeptin are slightly higher in men than
in women regardless of the age (5). In
response to serum osmolality fluctuations,
the Kkinetics of copeptin are comparable to
those of vasopressin (5).

For example, patients with an
electrolyte disorder such as diabetes
insipidus with very low vasopressin
concentrations also have very low copeptin
concentrations in blood plasma (6). On the
other hand, patients with syndrome of
inappropriate antidiuretic hormone secretion
have  high  concentrations of both
vasopressin and copeptin (7).
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Diabetic Nephropathy:

Arginine vasopressin (AVP) is one of
the main hormones of the hypothalamic—
pituitary—adrenal axis, and it is mainly
stimulated by hyperosmolarity. AVP plays
deleterious  renal  effects, inducing
hypertension, glomerular hyperfiltration,
albuminuria, and glomerulosclerosis,
whereas its inhibition, by drinking water or
by V2 antagonism, led to a renoprotection.
The direct measurement of AVP in humans
is problematic, due to its bond with platelets
and its instability in isolated plasma (8).

Copeptin, the stable COOH-terminal
portion of the precursor of AVP, is an easily
measurable surrogate marker of vasopressin.
Copeptin is released into the circulation
from the posterior pituitary gland in
equimolar amounts with AVP. In many
studies copeptin mimed AVP levels and its
behavior, modified by plasma osmolality,
stress, and various disease states, revealing
some of the various physiologic and
pathophysiologic conditions associated with
increased or decreased AVP (8).

It was demonstrated that high copeptin
concentration was strongly associated with
the risk of severe renal outcomes (doubling
of plasma creatinine concentration and/or
end-stage renal disease) in DM patients,
independently of relevant covariates such as
age, duration of diabetes, blood pressure and
baseline levels of glycated haemoglobin,
urinary albumin excretion (UAE), and
eGFR(9).

An increasing body of experimental,
pharmacological and epidemiological data
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supports a causal role of vasopressin (or
antidiuretic hormone) in the development
and progression of chronic kidney disease
(CKD) (10). Plasma copeptin, the COOH-
terminal portion of pre-pro vasopressin and
a surrogate bio-marker of vasopressin, was
shown to be positively associated with the
decline in kidney function in the general
population (11).

In different diseases:

Cardiogenic shock:

High concentrations of vasopressin
during cardiogenic shock have been widely
described. It has been shown that the
Kinetics of copeptin are similar to
vasopressin in that context (12).

Heart failure:

The prognostic value of vasopressin
for prediction of outcome in patients with
heart failure has been known since the
1990s. Patients presenting with high levels
of  vasopressin have a  worsened
outcome(13).

Acute coronary syndrome:

One of the most common and deadly
health problems in the world is acute
coronary syndromes (ACS), which occur
when the blood flow to the heart is
blocked(14).

To diagnose acute  myocardial
infarction (AMI), which is a type of ACS,
doctors use ECG and cardiac biomarkers,
mainly troponins (15). However, this
method is not very fast or accurate, because
troponins take time to appear in the blood
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after the heart is damaged (16) and they can
also be elevated for other reasons (17).

Therefore, there is a need for a better
marker of AMI that can help doctors decide
who needs urgent treatment. Some recent
studies have suggested that copeptin, which
is a part of a hormone called arginine
vasopressin (AVP), could be such a marker.

Several studies have shown that
copeptin is released very early during the
onset of an acute myocardial infarction
(AMI) (18), raising the question of its
potential value in the diagnosis of AMI and
particularly in ruling-out AMI (19).

Indeed, copeptin is released much
earlier than troponin, given that copeptin is
actively released from the hypothalamus,
while troponin occurs in the bloodstream as
a breakdown product from dying
cardiomyocytes, (20), making  the
interpretation of their complementary
kinetics a useful tool to rule-out AMI (21).

It has been shown that the
combination of a negative result of troponin
together with a negative result of copeptin
can rule out AMI at emergency department
presentation with a negative predictive value
ranging from 95% to 100% (19).

Copeptin rises quickly in the blood
within 30 minutes of chest pain in AMI
patients (22) because it is released by the
body as a stress response (23). Unlike
troponin, copeptin does not require repeated
blood tests to confirm or rule out AMI (24)
and it may have higher sensitivity and
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specificity for diagnosing AMI in people
who come to the emergency department.

Using copeptin to diagnose AMI could
save lives and money by reducing the
mortality rate and the cost of treatment.
Copeptin also has a prognostic role after
AMI, as it can predict the risk of death in
AMI patients, independently of other factors
such as cortisol and NT-proBNP (25).

Liver cirrhosis:

Cirrhosis is a condition that causes the
liver to scar and malfunction. When
cirrhosis gets worse, it can lead to serious
complications and death (26). These
complications are mainly caused by
increased pressure in portal vein and
abnormal blood circulation.

In the early stages of cirrhosis, when
there are no symptoms, the blood pressure
and blood volume are normal, but the
resistance of the blood vessels is slightly
lower (27). As cirrhosis progresses,
symptoms appear and the blood circulation
gets worse. In this stage, the blood vessels in
the abdomen (splanchnic) become very
dilated, which reduces the blood volume and
pressure.

To compensate for this, the body
activates hormones and nerves that constrict
the blood vessels, such as renin-angiotensin-
aldosterone  system, and sympathetic
nervous system.

In more advanced stages, another
hormone called vasopressin (AVP) is also
released. These hormones help maintain the
blood pressure, but they also damage the
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kidneys by making them retain salt and
water, which leads to ascites and low
sodium levels in the blood (hyponatremia).
Eventually, the Kkidneys become very
constricted and stop working properly
(hepatorenal syndrome) (28).

Therefore, AVP could be a potential
marker of how severe cirrhosis is, how
likely it is to cause symptoms and
complications, and how long the patient will
survive. However, measuring AVP levels in
the blood is difficult because AVP is
unstable and hard to detect (29).

Copeptin is a part of a larger molecule
that contains AVP and is released from the
brain along with AVP (30). Copeptin does
not have any function in the body, but it is
stable and easy to measure (5).

There is evidence that copeptin levels
reflect AVP levels well, as they are
correlated with each other (31). By
measuring copeptin levels in the blood, we
can estimate AVP levels and study their role
in cirrhosis and its complications. We can
also understand why AVP is released more
in cirrhosis and what effects it has on the
body.

Copeptin has been found to be related
to survival in many diseases such as heart
failure, chronic respiratory diseases and
critically-ill patients (32).

Polycystic kidney disease:

The most prevalent hereditary kidney
disorder and a major cause of kidney failure
around the world is autosomal dominant
polycystic kidney disease (ADPKD). The
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disease is influenced by vasopressin
signaling, which regulates the growth and
fluid accumulation of cysts in the kidneys
through the activation of a cellular
messenger called cAMP (33).

However, measuring  vasopressin
levels is challenging due to its instability
and rapid degradation in blood. Therefore, a
more reliable marker is copeptin, which is
derived from the same precursor molecule as
vasopressin and is released in equal
amounts(34).

Previous studies with small sample
sizes suggested that higher plasma copeptin
levels are linked to worse outcomes and
faster progression of ADPKD (35, 36).

More recently, a large-scale analysis
of data from the TEMPO 3:4 trial confirmed
that copeptin levels are associated with
kidney function decline, kidney volume
enlargement, and the efficacy of tolvaptan
treatment (37).

Ischemic stroke:

Stroke is a major cause of death and
disability worldwide (38). However, there is
still no reliable blood test that can help
diagnose and predict the outcome of stroke
patients, despite the advances in clinical care
and imaging techniques (39).

Several  biomarkers have been
proposed to help assess the risk of stroke
patients (40). These include markers of
inflammation (such as procalcitonin and
mannose-binding lectin), atherosclerosis
(such as adipocyte fatty acid-binding
protein), stress response (such as copeptin
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and cortisol), and heart function (such as the
natriuretic peptide).

These markers have been consistently
linked to worse outcomes after stroke and
have added value to the existing risk factors.
However, the quality and validity of these
studies are questionable, and their results are
not yet applicable to clinical practice (40).

Therefore, more research is needed on
the most promising markers. Copeptin is one
of them, as it has been shown to be useful
for distinguishing stroke, TIA, and stroke-
like conditions (41).

Moreover, high copeptin levels have
been associated with poor prognosis after
stroke and higher risk of TIA or stroke
recurrence after a TIA episode (39).
Covid-19:

A new infectious disease called
COVID-19, caused by a virus named SARS-
CoV-2, emerged in China in late 2019 and
spread around the world, becoming a global
health crisis with high death rates and huge
impacts on health care systems (42).

This virus belongs to the coronavirus
B-family and can cause respiratory problems
ranging from mild to severe in humans (43).
Some people with COVID-19 have mild
symptoms at first, but they can quickly
deteriorate and develop life-threatening
complications such as acidosis, breathing
difficulties, sepsis and ARDS (acute
respiratory distress syndrome), which can
lead to death (44).

A new blood marker that can help
evaluate the severity of COVID-19 could

Eur. Chem. Bull. 2023, 12(Regular Issue 10), 15121 — 15131
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improve the management of symptoms,
provide appropriate support and reduce
mortality.

COVID-19 infection leads to stress,
inflammation and pain. These conditions
trigger the release of a hormone called
arginine vasopressin  (AVP) through the
activation of the brain or the pituitary gland
(45).

In addition, lung damage can cause
low oxygen levels in the blood vessels of the
lungs, which can reduce the blood flow to
the heart and increase AVP levels (46).

Furthermore, inflammatory molecules
such as IL-6 can stimulate the secretion of
AVP without changes in blood osmolarity
(47).

AVP is involved in stress adaptation,
blood vessel constriction and blood volume
regulation. It is also released in response to
high blood osmolarity, low blood pressure,
low oxygen levels, low blood volume,
infections and acidosis (48).

Many hormones are involved in the
stress adaptation process, including AVP
and cortisol, which are activated by the brain
and the pituitary gland. Copeptin is a good
indicator of AVP levels because it is
produced from the same precursor molecule
as AVP and released in equal amounts. It is
also more stable and easier to measure in
blood samples (49).

The inflammation, pain, lung damage,
changes in  Dblood osmolarity and
psychological  stress  associated  with
COVID-19 activate the stress adaptation
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system and increase the levels of
AVP/copeptin in the blood (45).

There is a significant difference in
serum copeptin levels between severe and
mild to moderate COVID-19 cases (48), as
well as other respiratory infections such as
pneumonia (50), where high copeptin levels
are related to worse outcomes and
prognosis(51).

The mechanism behind the syndrome
of inappropriate antidiuretic hormone
secretion in pneumonia and COVID-19 is
not fully understood, but it may be due to a
non-osmotic release of AVP caused by low
blood volume, which activates the rennin—
angiotensin—aldosterone system (52).

People infected with SARS-CoV-2
usually experience emotional, psychological
and physical changes along with stress and
pain(52). These changes can stimulate
AVP/copeptin  release  through  two
pathways: one involving the brain and the
pituitary gland and another involving the
brain and CRH (corticotropin-releasing
hormone) (53).
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