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Proenkephalin (penKid) is a modern biomarker that has garnered increasing 

attention in 

course of various chronic and acute conditions. This peptide has a 

molecular weight of 

enkephalin peptides, including 

methionine-enkephalin and leucine-enkephalin, making it part 

Biologically, proenkephalin is produced via the PENK gene, which encodes 

a precursor 

undergoes enzymatic cleavage to produce smaller 
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peptides within the enkephalin family 

leu-enkephalin, which 

share a common tetra-peptide structure with a difference in the 

incompletely understood, 

evidence suggests they may help regulate renal excretory processes such as 

sodium excretion and urine volume Martin et al., 2025). 

The importance of proenkephalin lies in its greater stability compared to 

plasma proteins, making it more suitable for clinical use 

compared to the rapidly degrading 

Walczak-Wieteska et al., 2024). 

Proenkephalin is also freely filtered through the glomeruli 

function. Studies have demonstrated a strong inverse correlation 

between its plasma levels filtration 

function rather than an indicator of 

tissue damage (B. M. & Terdal, 2024; Rau et al., 2024).                                              

and discontinuation of renal 

replacement therapy, as well as in pediatric populations (Martin 

function and an increased risk of clinical complications. Furthermore, 

proenkephalin is 

stress regulation, immune function, and 

neuroendocrine systems, in addition to its effects on 

Recent studies have also demonstrated its association with a number of 

chronic disorders and 
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it serves as a predictive marker 

for mortality and rehospitalization (Kanagala et al., 2019).                                                                                                              

Proenkephalin (PENK) is widely distributed throughout many tissues, 

reflecting 

produced in the central nervous system, particularly 

in the brain, hypothalamus, and spinal 

responses (Matsiras 

et al., 2025). It is also notably expressed in endocrine tissues, particularly 

response to physiological stress. Proenkephalin synthesis is not 

limited to the nervous system but extends to several

gastrointestinal tract, and skin. In the heart, 

cardiomyocytes express proenkephalin, and its 

(Matsiras et 

al., 2025). In the kidneys, its production has been detected within the renal 

function and renal homeostasis (Liu et al., 2023). 

system, as keratinocytes and melanocytes contain 

multiple opioid receptors, in addition to 

such as 

ultraviolet radiation (Huang, 2025). A link has also been observed between 

potential role in regulating the immune and inflammatory 

response (Assis et al., 2021).In 

its multifunctional 

nature and supports its role as a key component in the regulation of 
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protein from which a group of endogenous opioid peptides of 

great physiological importance 

biologically active peptide 

segments, which are subsequently released through enzymatic 

other associated peptides. The figure shows the distribution of these peptides 

along the 

within the chain. The coloured regions, marked with 

dashed lines, indicate 

 this 

protein, indicating its significant 

The figure also includes a number of other peptides derived from 

proenkephalin A, such as: 

These peptides possess diverse regulatory functions within the nervous 

system and other 

used as a biomarker 

kidney injury 

and cardiovascular complications (Matsiras et al., 2025, Figure).    
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.  

dysfunction, as well as the role of proenkephalin (PENK) as 

a biomarker reflecting this 

hemodynamic disturbances that 

directly affect kidney function, causing elevated levels of 
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Initially, acute heart failure leads to a decrease in cardiac output, which 

reduces renal 

. The figure also 

illustrates that reduced diuresis resulting from renal 

the 

volume load on the heart and exacerbates heart failure, thereby creating a 

vicious cycle 

The figure also indicates that the deterioration of renal function is associated 

with increased 

, leading 

to elevated plasma concentrations of proenkephalin (PENK). 

 As the figure illustrates, elevated PENK levels not only reflect renal 

insufficiency but are 

patients with heart 

failure. PENK is characterized by being less influenced by inflammatory 

Overall, the figure highlights the important role of proenkephalin as a 

biomarker reflecting 

organ can lead to dysfunction in the 

other through interconnected hemodynamic and 
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be explained through chronic hypoperfusion of the kidney, 

but the fact that higher levels of 

through chronic 

hypoxia, a higher degree of congestion, and oxidative stress. A plethora of 

with increased risk of mortality. eGFR denotes 

estimated glomerular filtration rate; FGF-23 

 

(Emmens et al., 2019).         
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Enkephalins are endogenous opioid peptides produced in various neural and 

peripheral 

glands, where they play an important role in 

regulating neural signaling and various 

enzymatic processing of 

the pro-enkephalin A precursor protein following transcription of the 

proteolytic cleavages that ultimately lead to the 

production of active opioid peptides, the most 

opioid peptides, 

such as beta-endorphin and dynorphin, may also contribute to the production 

(Conibear, 2020). The conversion of proenkephalin into 

active opioid peptides requires the 

well as 

carboxypeptidase E and cathepsin H, which work synergistically to produce 

the active 

regulated by a number of degradative enzymes, 

such as aminopeptidase N, neprilysin, and 

signaling within 

tissues (Corder et al., 2018). Enkephalins primarily bind to delta-opioid 

receptors); however, they exhibit a higher affinity for 

delta receptors (Sobocińska et al., 

signaling(Abrimian et al., 2021; Wang et al., 2023). 

of intracellular reactions (Wang et al., 

2023). The Gαi subunit inhibits adenylate cyclase, 

contributes to 

the opening of potassium channels and the reduction of calcium ion influx, 

and peripheral nervous systems, with a high 

density of delta receptors within multiple brain 
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of 

multiple subtypes that differ in their functional properties and affinity for 

endogenous 

formation of heteromer 

complexes between opioid receptors, such as μ-δ complexes, which 

protein coupling and opioid-related pharmacological responses. 

It has been suggested that 

resulting from chronic morphine 

use(Akgün et al., 2021; Gaborit & Massotte, 2023). 

In the kidney, enkephalins and their receptors are highly expressed, 

particularly opioid delta 

fully understood, 

current evidence suggests that they may contribute to the regulation of renal 

The gene expression of proenkephalin (PENK) is subject to complex 

regulation that depends 

pathological 

stimuli. Studies have shown that certain neural activities, such as epileptic 

expression within specific regions of the nervous 

system, suggesting its close association 

Hormones also participate in the regulation of PENK gene transcription, 

including thyroid 

increased expression of proenkephalin 

mRNA in a dose-dependent manner, particularly in 

notably the AP-1 complex composed of FOS and JUN proteins, which 

binds to specific 

the cellular pathways regulating 
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proenkephalin gene expression. For example, forskolin raises intracellular 

levels of cyclic adenosine monophosphate (cAMP), which activates protein 

gene. Similarly, both retinoic acid and beta-estradiol 

contribute to enhancing gene 

phorbol 

myristate acetate (PMA), on the other hand, activate glucocorticoid receptors 

and 
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Measurement of Proenkephalin (PENK) 

Proenkephalin (PENK) is commonly measured using a highly sensitive 

sandwich immunoassay targeting a stable fragment of the proenkephalin 

precursor, particularly the amino acid sequence PENK 119–159 (penKid) 

(Donato et al., 2018). In this method, two highly specific antibodies 

recognize different epitopes of the target peptide. The first antibody 

immobilizes the antigen on a solid phase, while the second labelled antibody 

binds to another epitope, forming an antibody–antigen–antibody “sandwich” 

complex. The generated signal is directly proportional to PENK 

concentration in the sample, allowing accurate quantification even at very 

low concentrations (Donato et al., 2018). This assay provides excellent 

analytical sensitivity, specificity, reproducibility, and stability, making 

PENK a reliable biomarker for the early detection of kidney dysfunction and 

acute kidney injury (Marino et al., 2015). However, despite its superior 



 
 
 

 

712 
 

 

JOBS مجلة العلوم الأساسـية                                  

Journal of Basic Science 
 

 ثامن والأربعونال العدد

 هـ1448م /2026

Print -ISSN 2306-5249 
Online-ISSN 2791-3279 

 

diagnostic performance, the sandwich immunoassay is relatively expensive 

and requires specialized laboratory equipment and trained personnel, which 

may limit its routine clinical application, particularly in low-resource 

healthcare settings. 
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