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RINGKASAN 

Peran SOD, 8 20 2 dan MDA pada Peningkatan Enzim Kreatin Fosfokinase 

Di Cairan Serebrospinalis Setelah Cedera Kepala Berat 

Isdwiranto Iskanto 

Penelitian biokimia memperlihatkan peningkatan enzim kreatin fosfokinase 

(CPK) di cairan serebrospinalis (CSS) dapat digunakan sebagai marker atau tanda 

biokimia yang potensial untuk kematian sel otak setelah cedera kepala. Penelitian lain 

memperlihatkan kematian sel olak setelah cedera kepala dapat di sebabkan oleh proses 

neurobiokimiawi patologis peningkatan senyawa oksigen reaktif(SOR) didalam sel otak. 

Namun sampai saat ini mekanisme neurobiokimiawi patologis teIjadinya peningkatan 

enzim kreatin fosfokinase di cairan serebro spinalis oleh karena peningkatan senyawa 

oksigen reaktifpada cedera kepala secara molekuler masih belumjelas sepenuhnya. 

Penelitian ini bertuj uan untuk mengungkap secara molekuler mekanisme 

neurobiokimiawi patologis teIjadinya peningkatan enzim kreatin fosfokinase di cairan 

serebro spinalis oleh karena peningkatan senyawa oksigen reaktif setelah cedera kepala 

berat melalui peran SOD, H20 z, dan MDA, dengan tujuan khususnya adalah 

membuktikan setelah cedera kepala berat teIjadi peningkatan enzim CPK di CSS dan 

teIjadi juga penurunan kadar SOD, H20 l serta peningkatan MDA di CSS, juga 

membuktikan ada hubungan peningkatan enzim CPK di CSS setelah cedera kepala berat 

dengan penurunan kadar SOD, H202. peningkatan kadar MDA di CSS, serta 
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membuktikan ada hubungan peningkatan enzim CPK dan SOR di CSS setelah cedera 

kepala dengan derajat beratnya cedera kepala (GCS) yang terjadi. 

23 sampel CSS dari 12 penderita serta, masing-masing terdiri 18 sampel CSS dari 

7 penderita kelompok cedera kepala berat (GCS :s; 8) dan 5 sampel CSS dari 5 peserta 

bukan penderita cedera kepala (kontrol), mengikuti penelitian ini. Cairan serebrospinalis 

diambil dan diperiksa pada hari 1,3,5 setelah cedera kepala berat. 

Hasil analisis menunjukan selain teJjadi peningkatan enzim CPK di CSS setelah 

cedera kepala dengan rerata 86,00 ± 53,39 Ull dibandingkan kontrol dengan rerata 4,4 ± 

2,79 U/I, p = 0,0035 juga teJjadi penurunan enzim SOD (10,033 ± 2.073 11 / ml 

dibandingkan 12,213 ±0,22 11 / ml., p = 0,016), penurunan kadar HzOz (34,17 ± 14,52 

CPM dibandingkan 74,71 ± 16,44 CPM, p = 0,0005), dan peningkatan kadar MDA 

(192,97 ± 77,5 nmollml dibandingkan 18,04 ± 3,39 nmollml, p = 0,0005). Analisis 

statistikjuga menunjukan hubungan yang bermakna antara SOD dengan CPK pada hari 

pertama pasca cedera kepala berat dengan p=O,o I 0, dan setelah hari kelirna dengan 

P=O,044 . Terlihat juga dari hasil penelitian ini adanya hubungan yang bermakna antara 

HzOz dengan GCS dengan p=O.007, MDA dengan GCS (p = 0,001), dan hubungan antara 

enzim CPK dengan GCS yang secara statistik bermakna dengan p= 0,000. 

Berdasarkan hasil penelitian ini dapat disimpulkan pertama setelah cedera kepala 

berat teJjadi peningkatan enzim kreatin fosfokinase di cairan serebro spinalis dan teJjadi 

juga peningkatan aktifitas senyawa oksigen reaktif berupa penurunan kadar SOD, HzOz 

dan peningkatan MDA di cairan serebro spinalis. Kedua ada hubungan peningkatan 

enzim kreatin fosfokinase di cairan serebro spinalis spinalis setelah cedera kepala berat 
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dengan SOD. Ketiga ada hubungan H20 2, MDA dan enzim kreatin fosfokinase di CSS 

setelah cedera kepala dengan derajat beratnya cedera kepala yang terjadi (GCS). 

Maka disarankan enzim SOD, H202, MDA dan enzim kreatin fosfokinase di 

cairan serebro spinalis digunakan sebagai dasar pedoman diagnostik dan penatalaksanaan 

perawatan penderita cedera kepala herat serta digunakan sebagai monitor strategi 

penatalaksanaan antioksidan di penelitian klinis lanjutan. 
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SUMMARY 

The Role of Super oxide Dismutase, Hydrogen Peroxide, and Malondialdehyde 

in The Mechanism of Increased Creatine Kinase in The Cerebrospinal Fluid 

After Severe Head Injury 

Isdwiranto Iskanto 

Biochemical studies have shown that increased creatine phosphokinase (CPK) in 

the cerebrospinal fluid (CSF) could be used as a potential biochemical marker for brain 

cell death after head injury. Other study have shown that reactive oxygen species (ROS) 

may play an important part in brain cell death after severe head injury, but up till now the 

mechanism of increased creatine phosphokinase and increased reactive oxygen species 

activity in such cases is still not fully known. 

The General purpose of this study is to reveal the mechanism of increased 

creatine phosphokinase in the cerebrospinal fluid after severe head injury and the role 

played by superoxide dismutase (SOD), hydrogen peroxide (HZ0 2), and maIondiaidehyde 

(MDA). This study has 3 objectives. First to study the effect of severe head injury in the 

CSF content of CPK, SOD, H202, and MDA. Second, the relation between CPK content 

and that of SOD. H20 2 , and MDA. in the CSF and third the relation between the said 

variable (CPK, SOD, H20 2, and MDA.) and the severity of head injury as measured by 

the Glasgow Coma Scale (GCS). 
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Using a protocol approved by our institutional ethical revIew board, 23 

cerebrospinal fluid samples, consisting of 18 cerebrospinal fluid samples from 7 patients 

with severe head injury (Glasgow Coma Scale score::; 8) and 5 controls samples were 

studied. Cerebrospinal fluid was routinely drained as part of the standard examination 

and care in patients with and was assessed on day 1,3, and 5. 

The results showed that on day 1, as compared to control CPK was significantly 

increased (86.00 ± 53.39 Ull versus 4.4 ± 2.79 UII, P = 0.0035). SOD was significantly 

reduced (10.033 ± 2.073 U I ml versus 12.213 ± 0.22 U I ml., p = 0.016). Hydrogen 

peroxide was significantly reduced (34.17 ± 14.52 CPM versus 74.71 ± 16.44 CPM, P 

=0,0005), and malondialdehyde was significantly increased (192.97 ± 77.5 nmol/ml 

versus 18.04 ± 3.39 nmol/ml, p = 0.0005). The result also showed a significantly 

correlation between CPK and SOD on day 5 (p = 0.010) and on day 5 (p = 0.044). 

Further, it also showed significant correlation between H20 2 and GCS (p = 0.007), 

between MDA and GCS (p = 0.001) and between CPK and GCS (p = 0.000) 

It could thus be concluded that, first severe head injury could cause an increase in 

of cretine phosphokinase in CSF and increase in reactive oxygen species activity as 

shown by the decrease superoxide dismutase and hydrogen peroxide, and Increase 

malondialdehyde in CSF. Second, it could be concluded that the increase of creatine 

phosphokinase its correlated with superoxide dismutase and third, the changes of 

hydrogen peroxide, malondialdehyde and cretine phosphokinase in the CSF is correlated 

with the severity of head injury as measured by the Glasgow Coma Scale. 

Considering there findings, it could be sugested that changes in, superoxide 

dismutase, hydrogen peroxide and malondialdehyde in the CSF could be used as valuable 
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aid in diagnosis and treatment of severe head inj ury and could be used in monitoring 

antioxidant treatment studies in the future. 
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ABSTRACT 

The role of superoxide dismutase, hydrogen peroxide, and malondialdehyde in the 
mechanism of increased cerebrospinal fluid enzyme creatine kinase 

after severe head injury 

Isdwiranto Iskanto 

Recently much evidence has been reported that reactive oxygen species could be 
one of the major mechanisms in the primary and secondary damage of traumatic brain 
injury. Most of this evidence is experimental, while clinical data are more rare. The 
primary and secondary mechanisms of traumatic brain injury may lead to tissue death 
with the resultant release of the cellular enzyme creatine kinase into the cerebrospinal 
fluid. In order to investigate the reactive oxygen species after severe head injury and 
study the correlation with the brain enzyme creatine kinase, we have performed this 
study. 

The first purpose of this study is to analyze the level of reactive oxygen species 
and creatine kinase in the CSF after severe head injury and its correlation with the 
severity of trauma. The second purpose is to clarifY the relationship between reactive 
oxygen species and creatine kinase after severe head injury. 

Using a protocol approved by our institutional review board, 18 cerebrospinal 
fluid samples from 7 patients with severe head injury (Glasgow Coma Scale score < or = 

8) and 5 controls were studied. Cerebrospinal fluid was drained as standard care after 
severe head injury. CSF was assessed on day 1,3, and 5 after ventricular drain placement. 
Biochemical markers of reactive oxygen species included antioxidant superoxide 
dismutase, hydrogen peroxide, and malondialdehyde. 

Creatine kinase after severe head injury was markedly increased versus control 
on day I (86,00 ± 53,39 UII versus 4.4 ± 2.79 UII, P = 0.0035). Antioxidant superoxide 
dismutase was reduced versus control (10.033 ± 2.073 Il / ml versus 12.213 ± 0.22 Il / 
ml., p = 0.016). Hydrogen peroxide was markedly reduced (34,17 ± 14,52 CPM versus 
74,71 ± 16,44 CPM, P =0,0005), and malondialdehyde was markedly increased versus 
control (192.97 ± 77.5 nmol/ml versus 18.04 ± 3.39 nmol/ml, p =0,0005). 

The result showed a correlation between the reactive oxygen species with creatine 
kinase in the CSF of patients with severe head injury and a correlation between reactive 
oxygen species and creatine kinase with the severity of trauma (p < 0.05). The results 
also showed that CSF biochemical markers measurement may help both from the point of 
view of diagnostics and individualization of antioxidants administration, and also these 
markers could be used to monitor antioxidant strategies in clinical trials. 

Keywords: reactive oxygen species, superoxide dismutase, hydrogen peroxide, 
malondialdehyde, creatine kinase, cerebrospinal fluid, severe head injury. 
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