
INTRODUCTION

A greater understanding of the dynamics behind cardiopulmo-
nary bypass (CPB) has led to a decrease in peri-operative mor-
tality and morbidity. Nonetheless, post-operative complications 
following CPB still occur, mainly due to the immune response that 
produces inflammatory reactions during ischemia/reperfusion of 
myocardial tissue. In addition to ischemia/reperfusion, CPB can 
also initiate an inflammatory cascade that results in the presence of 
reactive oxygen compounds, cytokines, and other cytotoxic subs-
tances (1-3). The complement system consists of the biochemical 
pathways that initiate and produce the immune response of body 
tissue leading to this inflammation. 

Complement activation is one of the protective mechanisms 
of tissue when it encounters a foreign surface or a foreign agent 
and it leads to programmed cell death via numerous enzymes and 
regulatory proteins. During CPB, when blood comes into contact 
with surfaces other than endothelium, the complement system is 
activated (4). In addition, ischemia/reperfusion injuries that can 
occur during the coronary revascularization process are caused by 
an exaggerated activation of the complement system immune res-
ponse (5,6). 

There are several regulatory mechanisms present in tissue to 
compensate for the over-activation of the immune system. Comp-
lement 1 esterase inhibitor (C1-INH) is one enzyme used as an 
immune regulatory mechanism specific to the first step of the 
complement system. This enzyme, however, is diluted, along with 
other blood proteins, during CPB (7,8). The resultant decrease in 
complement system regulation leads to insufficient suppression 
of the immune system activation in reperfusion injury following 
CPB and contributes to significant post-operative morbidity and 
mortality (9).

The use of C1-INH as a therapeutic agent during ischemia/
reperfusion injury has been previously studied in humans and in 
animal models. C1-INH was shown to diminish the necrotic area 
developed secondary to ischemia and to provide protection aga-
inst myocardial dysfunction following tissue reperfusion (10,11). 
This study investigates the protective role of C1-INH, added to the 
perfusate during CPB, against myocardial ischemia reperfusion 
injury in guinea pig hearts.

MATERIALS AND METHODS

Twenty guinea pigs weighing 300-400 g and fed with standard 
chow were used for this study. The guinea pigs were divided into 
two groups of ten: a control group and an experimental group. In 
preparation for heart isolation, the guinea pigs were administered 
heparin 300 u/kg intraperitoneally. Ten minutes after anticoagula-
tion treatment the guinea pigs were anesthetized with 25% uretha-
ne 0.7 ml/100 g administered intraperitoneally.  
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KOMPLEMAN 1 İNHİBİTÖRÜNÜN  MİYOKARDİYAL İSKEMİ –RE-
PERFÜZYON HASARINDAKİ KORUYUCU ÖZELLİĞİNİN KOBAY-
LAR ÜZERİNDE GÖSTERİLMESİ
ÖZ
Endojen olarak üretilen Kompleman 1 Esteraz İnhibtörü ( C1-INH ), komple-
man sisteminin regülasyonunda rol oynayan anahtar mediyatörlerden biridir. 
Bu çalışmada, miyokardial iskemi-reperfüzyon hasarı oluşturulmuş denek-
lerde C1-INH’ın koruyucu özelliği olup olmadığı araştırılmıştır. Kobay kalp-
leri ( 20 ), modifiye Langendorff perfüzyon cihazıyla perfüze edilmek üzere 
hazırlanmış, 10 tanesi çalışma, 10 tanesi de deneysel olarak çalışmaya dahil 
edilmiştir. Kontrol grubu, pre-iskemi ve reperfüzyon dönemleri esnasında, 
Krebs-Henseleit solusyonu ile perfüze edilirken, deney grubunda bu perfüzata 
reperfüzyon aşamasında C1-INH eklenmiştir. Her iki grupta, kalp hızı ( atım 
/ dk. ), kontraktilite ( mm ) ve aortik basınç ( mmHg ) ölçümleri, pre-iskemi, 
post-iskemi ve reperfüzyon aşamasında kaydedilmiştir. Dokuda ve perfüzatta 
Glutatyon, Malenildialdehid ( MDA ) seviyeleriyle birlikte, perfüzat Nitrik Ok-
sit ölçümleri de yapılmıştır. Aortik basınç ve kalp kontraktilitesinin yanı sıra 
deney grubunda doku Glutatyon ve MDA seviyeleri reperfüzyon aşamasında 
yüksek bulunmuştur. Ancak bu iki parametrenin perfüzat seviyeleri değişme-
miştir.Sonuç olarak C1-INH’nün kardiyak kontraktiliteyi arttırıcı ve iskemi-
reperfüzyon hasarı üzerine koruyucu etkileri olabileceği sonucuna varılmıştır.
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Following isolation of the heart and aorta, and cannulati-
on of the ascending aorta, the guinea pig hearts were excised, 
weighed, and attached to a modified Langerdorff apparatus 
perfusion system. Hearts from both groups were immediately 
stabilized with normothermal perfusion with constant flow (7 
ml/min) of a modified Krebs solution for 20 minutes delivered 
by a micro-tubing pump (MP3) (12). A 3.0 silk was passed 
from the cardiac apex through a fixed pulley and attached to 
isometric tension transducers of a GRASS polygraph (Model 
7G), used to record heart rate and contractility levels.  

After stabilization, all hearts were subjected to normother-
mic ischemia for 20 minutes, and the hearts were then reper-
fused for 20 minutes. Control group hearts were reperfused 
with the modified Krebs solution, while experimental group 
hearts were reperfused with C1-INH 100 (U/kg)/min (Sigma-
Aldrich Company), added to the modified Krebs solution.

Heart rate (pulse/min), aortic pressure (mmHg), and cont-
ractility (mm) were recorded at three time points (pre-ischemia, 
post-ischemia, and post-reperfusion) to assess the level of car-
diac function. Perfusate samples were taken during the same 
three time points and the samples were then frozen and stored 
at -70 °C for subsequent malondialdehyde (MDA), glutathio-
ne, and nitric oxide (NO) level analyses. Tissue samples were 
obtained following the 20-minute reperfusion period in order 
to measure MDA and glutathione tissue levels. Spectrophoto-
metric analysis of plasma and tissue levels of MDA (412 nm), 
glutathione (532 nm), and NO (544 nm) were performed with 
the Spectronic 21 device (Bausch & Lomb). MDA, glutathi-
one, and NO were used to evaluate the efficacy of C1-INH in 
preventing ischemia/reperfusion injury.

Data were analyzed using SPSS version 13.0 (Chicago, 
IL, USA). Independent group means medians were compa-
red with Kruskal-Wallis and Mann-Whitney U tests, post hoc 
tests were used for detected significances. Dependent groups 
were compared according to control and experimental values 
by the Wilcoxon paired sample test. p <0.05 was considered 
significant. 

RESULTS

There were no statistically significant differences in mean 
heart rate between the experimental and control groups and 
between each time point of each group (Figure 1). The mean 

aortic pressure and mean contractility measurements did not 
show any significant differences at the pre-ischemia and 
post-ischemia time points; however, the mean aortic pressure 
and mean contractility of the experimental group at the post-
reperfusion time point were significantly higher (p<0.05) than 
the control group’s post-reperfusion measurements and the 
experimental group’s measurements observed at pre-ischemia 
and post-ischemia (Figures 2 and 3). 

Tissue MDA levels were significantly lower (p<0.05) in 
the experimental group as compared to the control group and 
glutathione levels were significantly higher (p<0.05) in the 
experimental group as compared to the control group (Figures 
4 and 5). There were no significant differences between per-
fusate MDA and glutathione levels between the experimen-
tal and control groups. In addition, there were no significant 
differences in perfusate MDA and glutathione levels between 
each time point with each group (Figures 6 and 7). Perfusa-
te NO level measurements at the post-reperfusion time point 
were significantly higher (p<0.05) in the experimental group 
as compared to the control group (Figure 8).

DISCUSSION 

Prolonged ischemia results in cell death and corresponding 
tissue damage and reperfusion following ischemia can cause 
additional tissue injury (13-16). The complement system plays 
a major role in initiating some of the inflammatory responses 
that cause tissue injury during ischemia and reperfusion. The 
classical pathway of the complement system is activated by 
antibodies, cardiac mitochondrial particles, or cardiolipin, 
or by stimulation of the fibrinolytic system and, as such, the 
complement system may be activated during CPB (17). Furt-
hermore, the hemodilutive effect of CPB reduces the tissue le-
vels of major inhibitors that regulate the complement system. 

C1-INH inhibits the first step of the complement system, 
thereby preventing the complement cascade from occurring 
during tissue ischemia. Previous animal and human studies 
have shown the actual effectiveness of C1-INH in minimizing 
ischemia/reperfusion injuries (17-19). Buerke et al. demons-

Figure 1: Heart rate (pulse/min) values of control and experimental 
groups (X ± SD).

H*p<0.05: Compared to control groups
**p<0.05: Compared to pre-ischemic data
+p<0.05: Compared to post-ischemic data

Figure 2: Mean aortic pressure (mmHg) values of control and expe-
rimental groups (X ± SD).
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trated that C1-INH reduces the amount of necrosis during car-
diac ischemia reperfusion in a feline model (17). Other studies 
have shown the ability of C1-INH to improve cardiac function 
following ischemia (20,21). In our study, we tested the abi-
lity of exogenous C1-INH, delivered during reperfusion, to 
prevent extensive damage to myocardial tissue and preserve 
cardiac function.  

Our data demonstrate the ability of C1-INH to inhibit 
the complement system, as shown by markers of comple-
ment system inhibition. MDA, glutathione, and NO were the 
three markers used to test C1-INH ability. C1-INH was also 
shown to preserve and even improve cardiac function as heart 
rates were similar in both the control and experimental gro-
ups. Moreover, aortic pressure and contractility were higher 
post-reperfusion in the experimental group as compared to the 
control group, thus illustrating the improved heart function 
that C1-INH can provide.  MDA was chosen as an index of 
free radical activity as it is the end product of lipid peroxidati-
on reaction specific to unsaturated fatty acids and free radicals 
that is present during ischemia/reperfusion injury (22). High 
levels of MDA are indicative of lipid peroxidation. One of the 

findings in this study was the significantly lower values of 
tissue MDA in the experimental group compared to that in the 
control group, supporting the inhibiting ability of C1-INH on 
the complement system cascade leading to lipid peroxidation. 
Lack of a similar change in perfusate MDA levels showed that 
oxidative stress was limited to tissue level (23). 

The second marker of complement system inhibition, glu-
tathione, is an endogenous substance activated during reper-
fusion injury to neutralize the deteriorating effects of reactive 
oxygen intermediates (24). Endogenous cardiac glutathione 
is a protective agent against myocardial dysfunction during 
short-term myocardial ischemia. Lower tissue levels of glu-
tathione signify its use against myocardial damage, while hig-
her levels signify that a different protective mechanism was 
used to defend against tissue injury (25). We found that tissue 
levels of glutathione were preserved in the experimental gro-
up and depleted in the control group, thus supporting the fact 
C1-INH was effective in reducing ischemia/reperfusion injury 
(26-28).

NO tissue levels were also measured as a third indicator 
of complement system inhibition by C1-INH. NO release is 

*p<0.05: Compared to control group

Figure 5: Tissue levels of glutathione (nm/ml) in control and experi-
mental groups (X ± SD).

Figure 6: Figure 6. Perfusate levels of glutathione (nm/ml) in control 
and experimental groups (X ± SD).

*p<0.05: Compared to control group
**p<0.05: Compared to pre-ischemic data
+p<0.05: Compared to post-ischemic data

Figure 3: Mean contractility (mm) values of control and experimen-
tal groups (X ± SD).

*p<0.05: Compared to control group

Figure 4: Tissue levels of MDA (nm/ml) in control and experimental 
groups (X ± SD).
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normally lower during ischemia/reperfusion injury since it is 
consumed by oxidative radicals (28). We found that perfusate 
NO levels were significantly higher in the experimental group 
as compared to the control group. With this third marker, we 
concluded that C1-INH was able to inhibit the complement 
system and prevent tissue injury, specifically lipid peroxidati-
on and radical formation, during ischemia/reperfusion injury.

Although tissue MDA, tissue glutathione, and perfusate 
NO levels indicated the success of C1-INH, perfusate levels 
of MDA and glutathione were similar between the control and 
experimental groups. This may be due to the difficulty in ob-
taining perfusate samples. Additionally, further studies should 
be conducted to confirm the ability of C1-INH to inhibit the 
complement system using other markers of tissue injury.

During CPB and reperfusion, tissue injury can be attribu-
ted to complement system activation. Both reperfusion injury 
and the intrinsic activation of the complement system dama-
ge the myocardium during peri/post-operative periods despite 
continuous blood perfusion (28). In this study, the inhibitory 
effects of C1-INH on complement activation and the classical 
pathway of the complement system have been demonstrated 
by MDA, glutathione, and NO levels, markers of ischemia/
reperfusion injury. Perfusion with C1-INH was observed to 
increase cardiac contractility and aortic pressure, as well as 
to protect myocardium from reperfusion injury due to lipid 
peroxidation and antioxidant systems. Evaluation of C1-INH 
as a potential therapeutic agent in large animal models is war-
ranted.
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