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Introduction 
  Stroke hassignificant mortality, morbidity, and 
socioeconomic consequences for patients, 
their partners, and society (1). Carotid endar-
terectomy (CEA) is the recommended surgical 
procedure in prevention of ischemic stroke (2). 
However, surgical treatment of atherosclerotic 
stenosis may lead to neurological vascular 
complications during the perioperative period. 
These complications include, among others,  

 
 
 
 
micro and macro embolism resulting in brain 
injury caused by ischemia. Moreover, acute 
ischemia and reperfusion by clamping and 
declamping of the internal carotid artery 
during CEA may cause cerebrovascular auto 
regulation damage, hyperperfusion, and brain 
edema (3-6). 
   Carnosinases are dipeptidases play diverse 
functions in all areas of life. Under appropriate 
conditions, human isoforms of carnosinase 
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Background: Carotid endarterectomy (CEA) is the recommended surgical procedure in the prevention of 
ischemic stroke. However, this procedure may lead to vascular neurological complications. The aim of the study 
was to measure serum carnosine dipeptidase 1 (CNDP1) and ubiquitin C - terminal hydrolase L1 (UCHL1)as 
markers of brain damagein patients that underwent CEA due to high-grade internal carotid artery stenosis.  
Method: This study included in 25 patients. Blood samples were taken from the antecubital vein at three different 
intervals (within a 24 h period prior to CEA, 12 h following surgery, and 48 h after surgery). Serum CNDP1 and 
UCHL1 levels were measured by a commercially available enzyme-linked immunosorbent assay (ELISA).  
Results: The study showed that serum CNDP1 and UCHL1 levels were significantly decreased 12 h after CEA 
when compared to level before the surgery. Furthermore, these enzymes levels were normalized 48 h after CEA.   
Conclusion: Data from our study showed that CEA significantly affects serum CNDP1 and UCHL1 levels. 
Moreover, these enzyme levels seems to reflect a brain ischemia resulting from severe internal carotid artery 
stenosis in patients undergoing CEA. 
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catalyze the hydrolysis of the dipeptide 
carnosine (β-alanyl-L-histidine) and homocar-
nosine (γ-aminobutyryl-L-histidine). Alterations 
of serum carnosine dipeptidase 1 (CNDP1) 
activity have been associated with several 
pathological conditions, including neurological 
disorders, such as Parkinson’s disease, 
Alzheimer’s disease, multiple sclerosis, glio-
blastoma, and cerebrovascular disease (7-9).  
   Ubiquitin C-terminal hydrolase L1 (UCHL1) 
is a highly specific neuronal protein that is 
concentrated in the perikarya in grey matter. 
Its approximate molecular weight is 24 kDa. 
UCHL1 is expressed in a specific range of 
tissues, including the brain and numerous 
types of cancer. The protein is highly conser-
ved and localized in neurons and neuro-
endocrine cells in vertebrates. It forms an 
estimated 5-10% of cytoplasmic protein in 
these cells. Its enzymic function is related to 
the removal of misfolded or oxidized proteins 
in the central nervous system (10-12). Data 
from the literature showed that UCHL1 may  
be a biomarker of brain damage after brain 
ischemia, traumatic brain injury, and sub-
arachnoid hemorrhage (13, 14). This enzyme 
also participates in the pathogenesis of neuro-
degenerative diseases such as Parkinson’s and 
Alzheimer’s diseases (15). 
  Therefore, CNDP1 and UCHL1 could also be 
markers of brain damage in patients under-
going CEA. The aim of the study was to 
investigate CNDP1 and UCHL1 levels in the 
serum of these patients. 

 

Study Design 
Subjects 
   The study included patients hospitalized in 
the Department of Vascular Surgery and 
Angiology from September 2015 to March 
2016. These candidates were approved to 
undergo CEA due to severe internal carotid 

artery stenosis. Based on Doppler studies, 
candidates were qualified for the CEA 
procedure as determined by the guidelines set 
forth by the European Society of Vascular 
Surgery. Using criteria established by NASCET 
(North American Symptomatic Carotid End  
arterectomy Trial), patients with severe stenotic 
carotid were identified. The study included  
25 participants (15 male, 10 female); with an 
average age of 69 years (54-88 years). 
According to medical histories, the patients 
were divided into symptomatic patients (15 
persons; 8 persons after ischemic stroke and 7 
persons after transient ischemic attack) and 
asymptomatic patients (10 persons). 
   In the group of symptomatic patients, 
cerebrovascular events were observed from 2 
months to 3 years prior to surgery. Addi-
tionally, patients with complete occlusion of 
the internal carotid artery, as well as those with 
brain damage in the course of other nervous 
system diseases were not qualified for the 
study. The measured degree of stenosis of the 
internal carotidartery in participants of this 
study was 60-90%. Conventional CEA was 
performed under local anesthesia without the 
use of a shunt. No postsurgical complications 
were observed.  
 

Collecting  Samples 
  Blood samples were taken from the 
antecubital vein at three different intervals 
(within a 24 hour period prior to CEA, 12 
hours following surgery, and 48 hours after 
surgery). The samples were collected into the 
plastic tubes and centrifuged rapidly. Serum 
was stored at -80˚C until assayed. CNDP1 and 
UCHL1 levels in serum samples were mea-
sured using a commercially available enzyme-
linked immunosorbent assay (Enzyme linked 
Immunosorbent Assay Kit for CNDP1and ELISA 
for UCHL1;Cloud Clone Corp./USCN, Houston, 
TX, USA). 
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   Approval of the study was granted by  
the Medical University Ethics Committee  
(KE-0254/218/2014). Informed consent was 
obtained from all participants included in  
the study. 

Statistical analysis 
  The nonparametric Wilcoxon, Mann-Whitney, 
and Friedman tests (examination of differen-
ces) were used to determine the statistical 
significance of the recorded results. Spearman 
Rank Correlation was performed to analyze 
correlation of data. The CNDP1 and UCHL1 
values are expressed in ng/ml; as median  
and range. The level of statistical significance 
was p<0.05.  

Results 
  The study showed that the serum CNDP1 
level was significantly decreased 12 hours after 
CEA when compared to level before surgery 
(p<0.05), and CNDP1 level was normalized  
48 hours after CEA. The serum CNDP1 levels 
and a comparative analysis are presented in  
Table-1 and Figure-1.  
Table-1. Serum CNDP1 & UCHL1 levels; comparative analysis 

Measurement                              
CNDP1 level 
[ng/ml]               

UCHL1 level 
[ng/ml] 

Before  
surgery - 1 

1208.06  
(660.9-1908.2) 

0.36  
(0.29-0.91) 

12 hours after 
surgery - 2 

949.1  
(526.4-2523.7) 

0.35  
(0.25-0.85) 

48 hours after 
surgery - 3 

1062.89  
(669.5-2262.5) 

0.38  
(0.27-1.06) 

Comparison   
1-2                                              
2-3                                              
1-3                                                                                        

p=0.028*                                         
p=0.034*                                          
p=0.58 

p=0.045*  
p=0.03*  
p=0.27 

Data is expressed as median and range; Wilcoxon test; p*- 
statistically significant  
  The analysis of variance also showed that 
there were statistically significant differences  
in serum CNDP1 levels between all three 
recorded measurements (p:0.04).There was no 
statistical significant difference in serum 

CNDP1 levels between symptomatic and 
asymptomatic patients (p:0.69, p:0.26, and 
p:0.26; respectively). 

Min-Max
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Median

Figure 1. Serum carnosine dipeptidase 1 level in patients

ng
/m

l

200

600

1000

1400

1800

2200

2600

3000

before surgery 12 h after surgery 48 h after surgery
 

    Additionally, there was no statistically signi-
ficant correlation between serum CNDP1 level 
and age of the patients (r:-0.14, p:0.50). 
The study showed that the serum UCHL1 level 
was also significantly decreased 12 hours after 
CEA when compared to level before surgery 
(p<0.05), and UCHL1 level was normalized  
48 hours after CEA. The serum UCHL1 levels 
and a comparative analysis are presented in  
Table-1 and Figure-2.However, analysis of 
variance showed that there were no statistically 
significant differences in serum UCHL1 levels 
between all 3 recorded measurements (p:0.08). 
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Figure 2. Serum ubiquitin C - terminal hydrolase L1 in patients
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   There was no statistical significant difference 
in serum UCHL1 levels between symptomatic 
and asymptomatic patients (p:0.26, p:0.29, and 
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p:0.06; respectively).Additionally, there was no 
statistically significant correlation bet-ween the 
serum UCHL1 level and the age of patients (r:-
0.04, p:0.82). 
 

Discussion 
   There are no studies in the literature 
concerning serum CNDP1 and UCHL1 levels 
after CEA. Our study showed that serum 
CNDP1 and UCHL1 levels were significantly 
decreased 12 hours after CEA compared to 
levels before surgery, and that these serum 
biomarkers normalized 48 hours after CEA. 
Rasmussen et al. (16) observed similar results 
in their study. The authors measured serum 
levels of another marker of brain injury, 
neuron-specific enolase (NSE), in patients 
before and after CEA. This study revealed that 
the serum NSE level decreased significantly 
after uncomplicated CEA. According to 
Brightwell et al. (17) a high-grade internal 
carotid artery stenosis may cause an increase 
in the background level of NSE. Additionally,  
it was found that upon overcoming such 
haemodynamically significant brain lesions 
after CEA, perfusion normalized and these 
levels of NSE subsequently fell with time. 
  It is difficult to say why CNDP1 and UCHL1 
levels were higher before CEA in our study. It 
cannot be ruled out that this increase is a 
result of brain damage caused by chronic 
ischemia due to a significant stenosis of the 
internal carotid artery. It can, however, be 
hypothesized that a significant decrease in the 
serum CNDP1 and UCHL1 levels in the early 
period after CEA may be associated with 
improved blood supply to the brain while 
normalization of this enzyme may be  
the result of ischemic hyperperfusion brain 
damage at a later date after surgery.  
  Data from the literature showed that altered 
carnosine levels in neurological diseases may 

be caused by disruption of the blood - brain 
barrier due to cerebral ischemia/reperfusion 
and/or damage to carnosinase, producing cells 
after ischemia (18,19). However, Butterworth et 
al. (20) observed that there was no corre-
lation between size of the infarct and carno-
sinase activity.  
 

   It is known that carnosine may reduce 
ischemia and reperfusion damage in different 
animal models (21). An experimental investi-
gation conducted on mice indicated that 
carnosine significantly decreased infarct size 
and neuronal damage when administered  
at points in time both before and after the 
induction of ischemia. Carnosine also dec-
reased reactive oxygen species levels in the 
ischemic brain, preserved normal glutathione 
levels, and decreased matrix metalloproteinase 
protein levels and activity. Rajanikant et al. (22) 
concluded that carnosine is neuroprotective  
in focal cerebral ischemia and appears to 
influence deleterious pathological processes 
that are activated after the onset of ischemia.   

   Although a physiological role of carnosine 
has not been completely understood at  
this time, many beneficial actions have  
been attributed to carnosine. These benefits  
include its role as an antioxidant, antiglycating  
and ion-chelating agent, a wound healing 
promoter, and a free-radical scavenger. 
  Carnosine has been reevaluated as a 
molecular chaperon and inducer of antioxidant 
systems in oxidative stress conditions. Thus, 
beneficial effects on most of the common 
biochemical events that characterize neuro-
logical disorders make carnosine a very 
promising molecule among all endogenous 
compounds in the treatment and/or 
prevention of oxidative driven diseases (23).  
 

  The role of CNDP1 is to regulate the 
carnosine level. Moreover, this serum enzyme 
has been proposed as a novel specific bio-
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marker for ischemic brain tissue damage (24). 
A number of animal studies have shown that 
circulating carnosine has health - protective 
biochemical properties, including reduction of 
oxidative stress (25). It was hypothesized that 
low carnosine activity promotes higher levels 
of circulating carnosine that may protect 
against oxidative stress. Moreover, Everaert  
et al. (26) showed that low plasma carnosinase 
activity promotes carnosinemia after carnosine 
ingestion in humans. If ischemia - hyper per-
fusion syndrome after CEA has occurred, it 
cannot be ruled out that a decrease in serum 
CNDP1 level after surgery, as observed in our 
study, may be a neuroprotective mechanism, 
as indicated by carnosine’s ability to reduce 
neurotoxicity through antioxidant capabilities.  
   According to Siman et al. (27), UCHL1 may  
be biomarker with clinical potential for  
the detection and management of ischemic 
central nervous system injury, including mild 
damage associated with surgically-induced 
circulation arrest. Data from the literature 
showed that UCHL1 may be a biomarker of 
hypoxic-ischemic encephalopathy (28, 29). Thus, 
UCHL1 could be also a biomarker of brain 
ischemic-hyperperfusion injury after CEA in 
our study. 
   It was showed that marrow isolated adult 
multilineage inducible (MIAMI) cells are cha-
racterized by high level expression of UCHL1. 
Secretome analysis indicates that MIAMI cells 
secrete high levels of soluble mediators, which 
are known to play key roles in angiogenesis, 
arteriogenesis, atheroprotection, immunomo-
dulation, neuroprotection, axonal growth, pro-
genitor cell migration, and prevention of 
apoptosis (30). 
   Experimental investigation conducted on 
animals showed that UCHL1 contributes to 
neuroprotection after cerebral ischemia. The 
study conducted on rats after ischemic stroke 

showed upregulation of penumbra proteins, 
among others, involved in ubiquitin-mediated 
proteolysis. These changes in expression of 
some neuronal proteins, including UCHL1, 
were directed mainly for protection and tissue 
recovery in the penumbra. Demyanenko et al. 
(31)concluded that some upregulated proteins 
might serve as markers of protection proces-
ses in a penumbra. Moreover, Peng et al. (32) 
observed that the downregulated miR-181b 
induces neuroprotection against ischemic 
injury by negatively regulating HSPA5 and 
UCHL1 protein levels, thus providing a poten-
tial therapeutic target for ischemic stroke. As a 
result, the observed change in serum UCHL1 
level after CEA in our study may serve also as 
a neuroprotective mechanism. 
  The study also showed that there were no 
differences in serum enzymes levels between 
symptomatic and asymptomatic patients divi-
ded according to their medical histories. 
However, on the day of blood sampling, the 
patients did not have symptoms, which 
explains the result.  
 

  The study has some limitations because  
of the relatively small number of patients 
tested and absence of the control group. 
Addi-tionally, the patients did not demonstrate 
signs of stroke after CEA, therefore, computed 
tomography of the brain after surgery was not 
performed. Future studies related to this topic 
are planned. Data from our study showed that 
CEA significantly affects serum CNDP1 and 
UCHL1 levels. Moreover, these enzyme levels 
seems to reflect a brain ischemia resulting 
from severe internal carotid artery stenosis in 
pa-tients undergoing CEA. However, the 
observed change in serum CNDP1 and UCHL1 
levels does not necessarily warrant a change in 
re-commendations concerning the use of CEA 
in patients with high-grade internal carotid 
artery stenosis.  



 

137 
 

CNDP1 and UCHL1 after Carotid Endarterectomy Marek Iłżecki, et al. 

Ulutas Med J  2016;2(3):132-137 

Acknowledgements 
   The authors declare that they have no conflict of 
interest. The study was funded by Foundation for 
the Development of Vascular Surgery at the 
Department of Vascular Surgery Angiology, Lublin 
Medical University, Poland. 

Reference 
1. Jennum P, Iversen HK, Ibsen R, Kjellberg J. Cost of stroke: a 

controlled national study evaluating societal effects on 
patients and partners. BMC Health Serv Res 2015;  15(1):466.  

2. Naylor AR. Time is brain: an update. Expert Rev Cardiovasc 
Ther 2015;13(10):1111-26.  

3. Gupta N, Corriere MA, Dodson TF, Chaikof EL, Beaulieu RJ, 
Reeves JG et al. The incidence of microemboli to the brain is 
less with endarterectomy than percutaneous revascularization 
with distal filters or flow reversal. J Vasc Surg 2011;53:316-22. 

4. Backhaus R, Boy S, Fuchs K, Ulrich B, Schuierer G, Schlachetzki 
F. Hyperperfusion syndrome after MCA embo lectomy; a rare 
complication? Am J Case Rep 2013;14:513-7  

5. Ballesteros-Pomar M, Alonso-Argüeso G, Tejada-García J, 
Vaquero-Morillo F. Cerebral hyperperfusion syndrome in 
carotid revascularization surgery.Rev Neurol 2012;55(8):490-8. 

6. Capoccia L, Sbarigia E, et al. Contralateral occlusion increases 
the risk of neurological complications associated with carotid 
endarterectomy. Int J Vasc Med 2015;2015:942146. 

7. Wassif WS, Sherwood RA, Amir A, Idowu B, Summers B, Leigh 
N. Serum carnosinase activities in central nervous system 
disorders. Clin Chim Acta 1994;225(1):57-64. 

8. Perrin RJ, Craig-Schapiro R, Malone JP, Shah AR, Gilmore P, 
Davis AE et al. Identification and validation of novel 
cerebrospinal fluid biomarkers for staging early Alzheimer’s 
Disease. PLoS One 2011; 6:e16032. 

9. Gautam P, Nair SC, Gupta MK, Sharma R, Polisetty RV, Uppin 
MS et al. Proteins with altered levels in plasma from 
glioblastoma patients as revealed by iTRAQ-based 
quantitative proteomic analysis. PLoS One 2012;7:e46153. 

10. Kabuta T, Mitsui T, Takahashi M, Fujiwara Y, Kabuta C, Konya 
C et al. Ubiquitin C-terminal hydrolase L1 (UCH-L1) acts as a 
novel potentiator of cyclin-dependent kinases to enhance cell 
proliferation independently of its hydrolase activity. J Biol 
Chem 2013;288(18):12615-26. 

11. Tongaonkar P, Chen L, Lambertson D, Madura K. Evidence for 
an interaction between ubiquitin-conjugating enzymes and 
the 26S proteasome. Mol Cell Biol 2000; 20:4691-8.  

12. Day IN, Thompson RJ. UCHL1 (PGP 9.5): Neuronal biomarker 
and ubiquitin system protein. Prog Neurobiol 2010;90(3):327.  

13. Liu MC, Akinyi L, Scharf D, Mo J, Larner SF, Muller U et al. 
Ubiquitin C-terminal hydrolase-L1 as a biomarker for ischemic 
traumatic brain injury in rats. Eur J Neurosci 2010;31:722-32.  

14. Lewis SB, Wolper R, Chi YY. Identification and preliminary 
characterization of ubiquitin C terminal hydrolase 1 (UCHL1) 
as a biomarker of neuronal loss in aneurysmal subarachnoid 
hemorrhage. J Neurosci Res 2010;88(7):1475-84. 

15. Setsuie R, Wada K. The functions of UCH-L1 and its relation to 
neurodegenerative diseases.Neurochem Int 2007;51(2):105-1. 

16. Rasmussen LS, Christiansen M, Johnsen J, Grønholdt ML, 
Moller JT. Subtle brain damage cannot be detected by 
measuring neuron-specific enolase and S-100beta protein 
after carotid endarterectomy. J Cardiothorac Vasc Anesth 
2000;14(2):166-70. 

17. Brightwell RE, Sherwood RA, Athanasiou T. The neurological 
morbidity of carotid revascularization: using markers of 
cellular brain injury to compare CEA and CAS. Eur J Vasc 
Endovasc Surg 2007;34:552-60. 

18. Bellia F, Vecchio G, Rizzarelli E. Carnosinases, their substrates 
and diseases. Molecules 2014;19(2):2299-329. 

19. Holdenrieder S, Lütjohann D, Geiger S. Does brain specific 
24S-hydroxycholesterol in plasma indicate the disruption of 
the blood-brain barrier in patients with ischemic stroke? 
Neurosci Lett 2004;368:201–4. 

20. Butterworth RJ, Wassif W et al. Serumneuron-specific enolase, 
carnosinase, and their ratio in acute stroke: an enzymatic test 
for predicting outcome? Stroke 1996; 27:2064–8. 

21. Boldyrev AA, Aldini G, Derave W. Physiology and patho 
physiology of carnosine. Physiol Rev2013;93:1803-45. 

22. Rajanikant GK, Zemke D, Senut MC, Frenkel MB, Chen AF. 
Carnosine is neuroprotective against permanent focal 
cerebral ischemia in mice. Stroke 2007;38(11):3023-31.  

23. Bellia F, Vecchio G, Cuzzocrea S, Calabrese V, Rizzarelli E. 
Neuroprotective features of carnosine in oxidative driven 
diseases. Mol Aspects Med 2011;32(4-6):258-66. 

24. Pahari DR, Gu YJ, van Oeveren W, El-Essawi A, Harringer W, 
Brouwer RM. Effect of minimized perfusion circuit on brain 
injury markers carnosinase and brain-type fatty binding 
protein in coronary artery bypass grafting patients. Artif 
Organs 2013;37:128-35. 

25. Aldini G, Orioli M, Rossoni G, et al. The carbonyl scavenger 
carnosine ameliorates dyslipidaemia and renal function in 
Zucker obese rats. J Cell Mol Med 2011;15:1339-54. 

26. Everaert I, Taes Y, De Heer E, et al. Low plasma carnosinase 
activity promotes carno sinemia after carnosine ingestion in 
humans. Am J Physiol Renal Physiol 2012;302:1537-44. 

27. Siman R, Roberts VL, McNeil E, Dang A, Bavaria JE, 
Ramchandren S, McGarvey M. Biomarker evidence for mild 
central nervous system injury after surgically-induced 
circulation arrest. Brain Res 2008;1213:1-11. 

28. Ringger NC, Giguère S, Morresey PR, Yang C, Shaw G. 
Biomarkers of brain injury in foals with hypoxic-ischemic 
encephalopathy. J Vet Intern Med 2011;25(1):132-7. 

29. Douglas-Escobar M, Yang C, Bennett J, Shuster J, Theriaque D 
et al. A pilot study of novel biomarkers in neonates with 
hypoxic-ischemic encephalopathy.Pediatr Res 2010;68(6):531. 

30. Roche S, D'Ippolito G, Gomez LA, Bouckenooghe T, Lehmann 
S, Montero-Menei CN, et al. Comparative analysis of protein 
expression of 3 stem cell populations: models of cytokine 
delivery system in vivo. Int J Pharm 2013;440(1):72-82. 

31. Demyanenko SV, Panchenko SN, Uzdensky AB. Expression of 
neuronal and signaling proteins in penumbra around a 
photothrombotic infarction core in rat cerebral cortex. 
Biochemistry (Mosc) 2015;80(6):790-9.  

32. Peng Z, Li J, Li Y, Yang X, Feng S, Han S. Downregulation of 
miR-181b in mouse brain following ischemic stroke induces 
neuroprotection against ischemic injury through targeting 
heat shock protein A5 and ubiquitin carboxyl-terminal 
hydrolase isozyme L1. J Neurosci Res 2013;91(10):1349-62. 

 
 

 
 
 

gh peer review 

How to cite? 
Ilzecki M, Ilzecka J, Przywara S, Grabarska A, Terlecki P, 
Stepulak A, Dave S, Zubilewicz T. Serum Carnosine 
Dipeptidase 1 and Ubiquitin C - Terminal Hydrolase L1 as 
Markers of Brain Damage in Patients after Carotid 
Endarterectomy. Ulutas Med J. 2016; 2(3):132-137. 
 

Doi: 10.5455/umj.20160713014033 


	Introduction
	Study Design
	Collecting  Samples
	Statistical analysis
	Results
	Discussion
	Acknowledgements
	Reference
	How to cite?

