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Abstract

Objective Ceruloplasmin is the major copper-carrying protein in the blood, and in addition plays a role in iron metabolism. Moreover, its antioxidant activity was showed in several 
studies. In this study, we investigated the relationship between coronary artery bypass graft operation and the levels of ceruloplasmin enzymatic activity.

Materials 
and Methods

The study included 120 patients who underwent coronary artery bypass graft operation. Peripheral blood samples were taken preoperatively, peroperatively –before and 
after cardiopulmonary bypass-, at postoperative 4th hour, 3rd day and 5th day. Blood samples before and after cardiopulmonary bypass were also taken from the coronary 
sinus. The enzymatic activity of ceruloplasmin levels were measured by Erel method.

Results There was a gradual decrease in the enzymatic activity of ceruloplasmin levels after cardiopulmonary bypass. In the postoperative 4th hour and the 1st day, reduction was 
statistically significant in the blood samples taken peripherally (p=0.025). Activities increased in the postoperative 3rd and 5th days, respectively. According to the coronary 
sinus blood samples, there was also a significant decrease in the enzymatic activity of ceruloplasmin after cardiopulmonary bypass (p=0,035).

Conclusion Our study showed significant differences in preoperative, peroperative and postoperative levels of the enzymatic activity of ceruloplasmin. The reduction in postoperative 
period during the 3rd day which was probably due to consumption as a respond to oxidant activity, demonstrated that cardiovascular bypass significantly increased 
oxidative stress. Enzymatic activity of the ceruloplasmin may be one of the parameters that reflect the response of inflammatory and oxidative stress associated with 
cardiopulmonary bypass.
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Öz

Amaç Seruloplazmin, kanda bakır taşıyan başlıca proteindir ve demir metabolizmasında da rol oynar. Ayrıca antioksidan aktivitesi birçok çalışmada gösterilmiştir. Bu çalışmada koroner arter 
baypas greft operasyonu ile seruloplazminin enzimatik aktivite düzeyleri arasındaki ilişkiyi araştırdık.

Gereç ve 
Yöntemler

Çalışmaya koroner arter baypas greft operasyonu geçiren 120 hasta dahil edildi. Periferik kan örnekleri ameliyat öncesi, ameliyat sonrası - kardiyopulmoner baypas öncesi ve sonrası-, 
ameliyat sonrası 4. saat, 3. gün ve 5. gün alındı. Koroner sinüsten de kardiyopulmoner baypas öncesi ve sonrası kan örnekleri alındı. Seruloplazmin düzeylerinin enzimatik aktivitesi Erel 
yöntemi ile ölçüldü.

Bulgular Kardiyopulmoner baypas sonrası seruloplazmin düzeylerinin enzimatik aktivitesinde kademeli bir azalma oldu. Postoperatif 4. saat ve 1. gün periferden alınan kan örneklerinde azalma 
istatistiksel olarak anlamlıydı (p = 0,025). Aktiviteler sırasıyla postoperatif 3. ve 5. günlerde arttı. Koroner sinüs kan örneklerine göre de, kardiyopulmoner baypas sonrası seruloplazmin 
enzimatik aktivitesinde  önemli bir azalma vardı (p = 0.035).

Sonuç Çalışmamız, seruloplazmin enzimatik aktivitesinin preoperatif, peroperatif ve postoperatif düzeylerinde önemli farklılıklar gösterdi. Muhtemelen oksidan aktiviteye yanıt olarak tüketime 
bağlı olan postoperatif 3. gündeki azalma, kardiyovasküler baypasın oksidatif stresi önemli ölçüde artırdığını göstermiştir. Seruloplazmin enzimatik aktivitesi, kardiyopulmoner baypas ile 
ilişkili enflamatuar ve oksidatif stresin tepkisini yansıtan parametrelerden biri olabilir.

Anahtar 
Kelimeler
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INTRODUCTION
Morbidity and mortality are highly related with ischemia/
reperfusion injury, surgical trauma and patient charac-
teristics in cardiac surgery.1 Oxidative stress is caused by 
an imbalance between antioxidants and free radicals and 
commonly seen in major surgical operations and especial-
ly in coronary artery bypass graft  operation (CABG) and 
alters normal endothelial functions. It induces proinfl am-
matory, proliferative, prothrombotic, and vasoconstric-
tor mechanisms that form atherogenic processes. Beside 
these, oxidative stress and infl ammatory response caused 
by cardiopulmonary bypass may result in myocardial 
damage and variable grade myocardial dysfunction.2,3 In 
the literature, insuffi  cient antioxidant defense and oxida-
tive stress are reported in the pathogenesis of cardiovas-
cular diseases.4 Advanced age, signifi cant co-morbidities 
and the cardiopulmonary bypass procedures are also asso-
ciated with postoperative complications, increased length 
of hospital stay and enhanced degree of oxidative stress.5

Th e formation of Reactive Oxygen Species (ROS) aft er 
ischemic reperfusion triggers a chain of complex events. 
Th ese oxidative events lead to increased lipid peroxida-
tion, decrease of plasma antioxidants and the formation of 
other harmful metabolites.1

Ceruloplasmin (Cp) is an acute phase reactant with al-
pha-2-glycoprotein structure with a molecular weight of 
about 132 kDa.6 It has ferro-O2-oxidoreductase activity 
directed towards ferrous ion stimulated lipid peroxidation 
and formation of hydroxyl radical in Fenton reaction.7 Cp 
has diverse functions. Th e known functions of Cp include 
copper transportation, iron metabolism, anti-oxidation, 
angiogenesis and coagulation. Cp is also eff ective in reg-
ulating vascular tone.6 Since Cp inhibits nitric oxide (NO) 
synthesis, it can modify the vascular responses through 
NO.8 Cp can also act as a pro-oxidant or an antioxidant. 
It catalyzes the oxidation of Fe+2 to Fe+3.9 It has also an an-
tioxidant eff ect on LDL by blocking Cu+2-induced lipid 
oxidation.2

Th e current study was designed to establish the relation-
ship between cardiopulmonary bypass operation and the 
enzymatic activity of Cp levels in preoperative, preop-
erative and postoperative period in patients underwent 
CABG.

MATERIALS and METHODS
Patient Selection

Th e study was conducted prospectively between January 
2016 to June 2018. Th e study was approved by the ethics 
committee of clinical research of Harran University with 
the decision no: 02-12-2010-06. Th e study population con-
sisted of 120 consecutive patients undergoing coronary ar-
tery bypass graft  surgery. Written informed consent was 
obtained from all participants. Patients’ demographics 
were recorded. Patients with low ejection fraction (<25%), 
neoplastic disease, systemic infl ammatory disease, infec-
tion, chronic obstructive pulmonary disease, major de-
pression, liver and kidney disease, cardiac valve procedure, 
congenitally cardiac procedure, emergency cardiac proce-
dure, off -pump CABG and recurrent cardiac surgery were 
excluded from the study.

Anesthetic and Surgical Techniques
Midazolam (10 mg/kg) 3 hours before the operation was 
administered intravenously to the patients for premedi-
cation. No other premedication was applied. Anesthesia 
consisted of a balanced opiate based general anesthesia 
technique. Propofol (1.5-2.2 mg/kg), rocuronium (0.6 mg/
kg), and fentanyl (3 mg/kg) infusions were administered 
in induction. During the operation, anesthesia was main-
tained with continuous propofol infusion (10-20 ml/h), 
remifentanil (0.25-1 mg/kg) and rocuronium. Hemody-
namic parameters were kept constant. Median sternotomy 
was performed under general anesthesia. Th e cannulation 
was done with aortic cannula and two stage venous can-
nula. Standard cardiopulmonary bypass was applied with 
mild hypothermia (26-32°C) and isothermic blood car-
dioplegia. Cardioplegia was performed by antegrade way 
from the aorta and retrograde way from the coronary si-
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nus. Cardioplegia application was repeated in every 15-20 
minutes. All the cases were applied with perfusion pres-
sure was kept control of at 60-70 mm Hg. Full cardiac fl ow 
was maintained with 2,4 L/m2. Routine heparinization was 
performed in operation (300 IU/kg). Th roughout the op-
eration, activated clotting time (ACT) was kept over 480 
seconds. Standard protamine sulfate was applied at the exit 
from the cardiopulmonary bypass (120-150 IU). Intensive 
care follow-up of all patients were performed as standard. 
Cross clamp time, total operation time, cardiopulmonary 
bypass time, intensive care and hospitalization duration 
were recorded.

Blood Sample Collection and Enzymatic Activity of 
Ceruloplasmin Measurements

Blood samples were taken peripherally from all patients 
24 hours before the operation, intraoperative-before car-
diopulmonary bypass, aft er cardiopulmonary bypass-, 
postoperative 4th hour, postoperative 24th hour, postop-
erative 3rd day and postoperative 5th day for biochemical 
analysis. Blood samples before and aft er cardiopulmonary 
bypass was also taken from coronary sinus. Samples were 
kept at room temperature for 30 minutes and then sep-
arated from the cells by centrifugation at 3000 rpm for 5 
minutes. Serum samples were stored at -80°C until the day 
of biochemical analysis. Th e enzymatic activity of Cp was 
measured by Erel method.10,11  In this method, the iron ion 
is oxidized to ferric ion by Cp ferroxidase activity. Results 
were recorded as U/ml.

Statistical Analysis
SPSS 11.5 soft ware was used for statistical analysis (SPSS 
Inc., Chicago, IL, USA). Student’s t test was used in the sta-
tistical analysis of coronary sinus blood samples. Repeated 
measurement of variance was performed of Cp level of ve-
nous blood samples. Arithmetic averages of all parameters 
were given with standard deviation values. P values less 
than 0.05 were considered signifi cant.

RESULTS
Mean cross clamp time was 88.13 ± 31.70 (min-max 46-
175) minutes, mean cardiopulmonary bypass time was 
133.83 ± 45.67 (min-max; 70-210) minutes, mean hospital 
stay was 10.53 ± 5.28 (min-max; 1-27) days, mean duration 
in intensive care unit was 2.33 ± 1.56 (min-max 0-9) days. 
Th e mean ejection fraction was 47.63 ± 11.35% (min-max 
25-73). Th e mean number of anastomosis was 2.73 ± 0.69 
(min-max; 2-4). Demographic data, duration of operation, 
postoperative intensive care and hospital stays are summa-
rized in Table 1.

Table 1:  Demographic data, duration of operation, postoperative 
intensive care and hospital stays of the patients

Variables Patients (n=120) S.D. or %

Age(years) 61.80 (41-77) ±9.88

Gender (M/F) 67/53 %56.25

Diabetes (yes/no) 37/83 %31.2

Hypertension (yes/no) 63/57 %53.2

Smoking status (yes/no) 60/60 %50

Dyslipidemia (yes/no) 57/63 %46.8

Mean X-clemp time (min) 88.13(46-175) ±31.70

Mean CPBP time(min) 133.83(70-210) ±45.67

Hospital stay (length)(day) 10.53(1-27) ±5.28

ICU stay (length)(day) 2.33(0.00-9.00) ±1.56

Ejection fraction (%) 47.63(25-73) ±11.35

Previous MI (yes/no) 60/60 %50

Number of anastomosis 2.73(2-4) ± 0.69

CPBP: Cardiopulmonary bypass pump
ICU: Intensive care unit
CABG: Coronary artery bypass graft 
MI: myocardial infarction

In our study, there was a decrease in enzymatic activity of 
ceruloplasmin levels immediately aft er cardiopulmonary 
bypass both in the samples taken peripherally and from 
coronary sinus. Th is decrease continued until 24 hours 
aft er the operation (p <0.05). Postoperative 3rd day, the 
enzymatic activity of the ceruloplasmin becomes the nor-
mal values. Reduction in blood samples from the coronary 
sinus was observed to be more apparent (p <0.05). Enzy-
matic activity of Cp levels are presented in Figure 1.
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**p=0,035
 * p=0,025
Figure 1:Enzymatic activity of ceruloplasmin levels 

DISCUSSION
Ceruloplasmin (Cp) is an acute phase reactant and it acts 
as a pro-oxidant or an antioxidant. Many investigators 
have reported that coronary artery bypass graft  operation 
leads to increase in oxidative stress.1 Normotensive-nor-
motermic condition followed by hypotensive-hypother-
mic period leads to ischemia-reperfusion injury and this 
mechanism causes oxidative stress especially in on-pump 
CABG.12 Mumby and colleagues studied the enzymatic 
activity of Cp levels in 65 patients with congenital heart 
disease. Th ey investigated the enzymatic activity of Cp 
before, during and aft er cardiopulmonary bypass. It was 
showed that the enzymatic activity of Cp levels decreased 
during cardiopulmonary bypass and increased postoper-
atively.13 Jeremy et al.14 studied the enzymatic activity of 
Cp levels in 55 adult patients with coronary artery disease. 
Th ey evaluated the enzymatic activity of Cp levels at pre-
operative, postoperative 1st day, postoperative 6th day and 
postoperative 6th week. Th ey detected a decrease in levels 
on the postoperative 1st day. On postoperative 6th day and 
at postoperative 6th week, they found that the enzymatic 
activity Cp values are higher than preoperative Cp values.14 
Lull et al. studied on the enzymatic activity of Cp values in 
10 pediatric patients with congenital heart disease. Th ey 
reported that levels were reduced by 40% during cardio-
pulmonary bypass but aft er 24 hours, it reached normal 

levels.15  According to the study conducted by Melnikov et 
al. in patients with congenital heart disease, the levels of 
Cp enzymatic activity decreased during cardiopulmonary 
bypass and returned to normal aft er 24 hours aft er cardi-
opulmonary bypass.16 Hepponstall et al. reported that in 
children with tetralogy of Fallot, levels of the enzymatic 
activity of Cp decreased at the 6th and 12th hours aft er 
cardiopulmonary bypass.17

Our study demonstrates preoperative and postopera-
tive marked changes in the enzymatic activity of Cp lev-
els. Reduction continued until 24 hours and returned to 
preoperative levels on postoperative 3rd   day. Signifi cant 
reduction was also observed in coronary sinus blood sam-
ple aft er cardiopulmonary bypass. Decreased Cp levels in 
blood samples taken before and aft er cardiopulmonary 
bypass, except coronary sinus, indicate that cardiopulmo-
nary bypass increases oxidative stress in all organ systems. 
Signifi cant decrease in the level of Cp enzymatic activity 
in the coronary sinus blood before and aft er cardiopul-
monary bypass showed reduction in the local myocardial 
antioxidant levels due to consumption as a respond to ox-
idant stress. Th is decline is indicative of an increase in ox-
idative stress on the heart due to cardiopulmonary bypass. 
Th ese results suggest that Cp may play an important role 
in the evaluation of the oxidative stress of the heart. In ad-
dition, normalization of Cp levels on postoperative 3rd day 
revealed that the destructive eff ect of cardiopulmonary 
bypass disappeared and the antioxidant level returned to 
normal. Th is indicates that the patients undergoing cardi-
opulmonary bypass should be monitored carefully until 
the third day of operation.

In conclusion, enzymatic activity of the Cp is a parameter 
that can be important in determination of antioxidant ca-
pacity in cardiovascular procedures especially in coronary 
artery bypass graft  operations. Further studies with large 
number of patient population are required to improve our 
knowledge on this subject.



Sakarya Med J 2021;11(1):61-66  
ALTINBAŞ et al., Ceruloplasmin Activity in Bypass Operation 

65

Th e study was approved by the Clinical Studies Ethical 
Committee of Harran University by the decision no 02-
12-2010-06.

Written informed consent was obtained from patients who 
participated in this study.

Th ere are no confl icts of interest.
Th is study has received no fi nancial support.



Sakarya Med J 2021;11(1):61-66  
ALTINBAŞ et al., Ceruloplasmin Activity in Bypass Operation 

66

1. Kurban S, Mehmetoglu I, Ege E. Eff ect of preoperative atorvastatin therapy on para-
oxonase activity and oxidative stress aft er coronary artery bypass graft ing.  Perfusion 
2009;24(4):271-76.

2. Jean-Jacques G, Gaelle C, Olivier G, et al. In High-Risk Patients, Combination of Antiinf-
lammatory Procedures During Cardiopulmonary Bypass can Reduce Incidences of Infl am-
mation and Oxidative Stress. J Cardiovasc Pharm 2007;49(1):39-45.

3. Gurol G, Aslan A. Lipid peroxidation and antioxidant enzymes. Sakaryamj 2013; 3(1):5-7
4. Hammadh M, Fan Y, Wu Y, Hazen SL, Tang WW. Prognostic Value of Elevated Serum 

Ceruloplasmin Levels in Patients with Heart Failure. J Card Fail 2014;20(12): 946-52.
5. Leong JY, van der Merwe J, Pepe S, et al. Perioperative Metabolic Th erapy Improves Redox 

Status and Outcomes in Cardiac Surgery Patients: a randomized trial. Heart Lung Circ 
2010;19(10):584-91.

6. Buyukhatıpoglu H, Sezen Y, Yildiz A, et al. Eff ects of Statin Use on Total Oxidant and An-
ti-oxidant Capacity and Ceruloplasmin Activity. Clin Invest Med 2010;33(5): 313-20.

7. Sarkar A, Dash S, Barik BK, et al. Copper and Ceruloplasmin Levels In Relation to Total 
Th iols And Gst in Type 2 Diabetes Mellitus Patients. Ind J  Clin Biochem 2010;25(1):74-76.

8. Patti MC, Cutone A, Polticelli F, et al. Th e Ferro-portin-ceruloplasmin System and the 
Mammalian Iron Homeostasis Machine: regulatory pathways and the role of lactoferrin. 
BioMetals 2018;31(5):399-414.

9. Gocmen AY, Sahin E, Semiz E, Gumuslu S.  Is Elevated Serum Ceruloplasmin Level Asso-
ciated with Increased Risk of Coronary Artery Disease? Can J Cardiol 2008;24(3):209-12.

10. Erel O. Automated Measurement of Serum Ferroxidase Activity. Clin Chem 
1998;44(2):2313–19.

11. Neselioglu S, Ergin M, Erel O. A New Kinetic, Automated Assay to Determine the Ferroxi-
dase Activity of Ceruloplasmin. Anal Sci 2017;33(12):1339-44.

12. Ata EC, Dereli Y, Durgut K, Ozpinar C. Th e Eff ect of Lidocaine Enriched Cardioplegia on 
Myocardial Ischemia Reperfusion Injury. JCAM 2016;7(3):191-96

13. Mumby S, Chaturvedi R, Brierley J, Lincoln C, Petros A, Redington A, Gutteridge JM. An-
tioxidant Protection against Iron Toxicity: plasma changes during cardiopulmonary bypass 
in neonates, infants, and children. Free Radic Res 1999;31(2):141-48.

14. Jeremy JY, Shukla N, Angelini GD, et al. Sustained Increases of Plasma Homocysteine, Cop-
per, and Serum Ceruloplasmin aft er Coronary Artery Bypass Graft ing. Ann Th orac Surg 
2002;74(5):1553-37.

15. Lull ME, Carkaci-Salli N, Freeman WM, et al. Plasma Biomarkers in Pediatric Patients 
Undergoing Cardiopulmonary Bypass. Pediatr Res 2008;63(6):638-44.

16. Melnikov P, Zanoni LZ, Poppi NR. Copper and Ceruloplasmin in Children Undergoing 
Heart Surgery with Cardiopulmonary Bypass. Biol Trace Elem Res 2009;129(1-3):99-106.

17. Hepponstall M, Ignjatovic V, Binos S, et al. Cardiopulmonary Bypass Changes the Plasma 
Proteome in Children Undergoing Tetralogy of Fallot Repair. Perfusion 2015;30(7):556-64.

References


