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Summary: CDP-choline is an endogen molecule and also a drug that is used in several trauma and ischemic conditions. It has 

been demonstrated that it improves the hemodynamic parameters in different shock models and prevents tissue damage in rats. The 

current study tested the effect of CDP-choline on hypotension, inflammation and tissue injury induced by septic shock model in rats. 

Twenty-four adult, male Spraque-Dawley rats, weighing 250-300 g were used. Septic shock was induced by cecal ligation-incision 

(CLI). CDP-choline (100 mg/kg) injected intravenously (i.v.) at the 180th minute of the experiment. The animals were observed for 

180 minutes after the injection, then blood and tissue samples were obtained for cytokine measurements and histological examinations, 

respectively. The cecal ligation-incision decreased arterial pressure and increased heart rate. Intravenous injection of CDP-choline 

reversed hypotension and increased arterial pressure up to control levels within the first 60 minutes without changing the increase in 

heart rate. The effect lasted for 3 hours. CDP-choline attenuated the increases in TNF-α, IL-1β and IL-6 levels in septic shock. 

Moreover, the drug exerted protective effects for the injury induced by septic shock in lungs, liver and kidney tissues; whereas this 

effect was not present on spleen. In conclusion, the present data suggested that intravenous CDP-choline administration can improve 

the deteriorations in hemodynamic and inflammatory parameters and can prevent the tissue injury in septic shock-induced by CLI in 

rats. 

Keywords: CDP-choline, cytokine, multiple organ failure, septic shock. 

CDP-kolin’in septik şok modelinde hipotansiyon ve doku hasarı üzerine koruyucu etkileri 

Özet: CDP-kolin, endojen bir molekül olmasının yanısıra travma ve iskemik koşullarda da kullanılan bir ilaçtır. Değişik şok 

modellerinde, sıçanlarda hemodinamik parametreleri iyileştirdiği ve doku hasarına karşı koruyucu etki gösterdiği ortaya konmuştur. 

Bu çalışmada, CDP-kolin’in sıçanlarda septik şokun neden olduğu hipotansiyon, inflamasyon ve doku hasarı üzerine olan etkileri 

incelendi. Deneylerde, ağırlıkları 250-300 g arasında değişen 24 adet Spraque-Dawley ırkı erkek sıçan kullanıldı. Septik şok modeli 

oluşturmak için çekal bağlama-kesme yöntemi uygulandı. CDP-kolin (100 mg/kg), deneyin 180. dakikasında intravenöz (i.v.) olarak 

uygulandı. Hayvanlar enjeksiyon sonrası 180 dakika daha gözlendikten sonra sitokin ölçümleri ve histolojik incelemeler için sırasıyla 

kan ve doku örnekleri toplandı. Çekal bağlama-kesme kan basıncını azaltırken kalp atım sayısını artırdı. İntravenöz CDP-kolin 

uygulaması hipotansiyonu düzeltti ve arteryel basıncı ilk 60 dakika içerisinde, kalp hızındaki yüksekliği değiştirmeden, kontrol 

düzeylerine kadar artırdı. Etki 3 saat kadar sürdü. CDP-kolin, septik şoktaki TNF-α, IL-1β ve IL-6 düzeylerindeki yükselmeleri de 

azalttı. Bu etkilere ek olarak ilaç; akciğer, karaciğer ve böbreklerde (ancak dalakta değil) septik şokun sebep olduğu hasara karşı 

koruyucu etki gösterdi. Sonuç olarak mevcut veriler intravenöz CDP-kolin uygulamasının; çekal bağlama-kesme ile oluşturulan septik 

şokun neden olduğu hemodinamik ve inflamatuar parametrelerdeki bozukluklarda iyileşmeye ve meydana gelen doku hasarına karşı 

koruyucu olduğunu ortaya koymaktadır. 

Anahtar sözcükler: CDP-kolin, çoklu organ yetmezliği, septik şok, sitokin. 

 
 

 

Introduction 

Sepsis is a complicated syndrome ensuing from a 

systemic inflammatory reaction to infection and is the 

primary reason of death in critically ill patients (19). 

Despite the importance of early antibiotic therapy, several 

additional therapeutic strategies are still under 

investigation in order to alleviate some of the serious 

effects of septic shock (42). Cholinergic modalities are 

one of the recently investigated approaches based on the 

importance of vagal anti-inflammatory cholinergic 

signaling in endotoxemia and sepsis (26, 40). 

CDP-choline (cytidine-5-diphosphate choline; 

citicoline) is an endogenous molecule and a drug which 

has many physiological and pharmacological effects in 

several conditions (1, 2, 36). Clinical studies mainly 

focused on drug’s anti-ischemic and tissue protective 
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effects, because CDP-choline protects the membrane from 

ischemic insult through the preclusion of fatty acids 

release (14), stimulation of phosphatidylcholine synthesis 

(28), prevention of cardiolipin and sphingomyelin levels 

(27). The drug also decreases oxidative stress by 

increasing glutathione synthesis (3). CDP-choline can also 

have the antiapoptotic activity by reducing the expression 

of all procaspases involved in apoptosis, particularly by 

inhibiting the caspase-3 activation (17). When 

administered exogenously, i.e., orally or intravenously 

(i.v.), CDP-choline quickly hydrolyzed to choline and 

cytidine (18, 35). These final metabolites increase in the 

circulation, cross blood–brain barrier, are taken up by the 

cells/neurons and mediate re-synthesis of the molecule in 

the cell (18). We have been investigating its cholinergic 

nature and usefulness in several shock conditions for 

almost a decade. Our studies have shown that CDP-

choline can exert significant hemodynamic and endocrine 

effects in normal and stimulated situations as osmotic 

stimulation and hemorrhage (9, 10, 31, 32, 33). It increases 

blood pressure in normal circumstances (31), restores 

hypotension and increases survival in hemorrhagic shock 

(32). The activation of central cholinergic receptors 

through the increase in brain choline levels mediates these 

effects (32). We also reported that CDP-choline is able to 

decrease neuronal injury in spinal cord transected rats by 

limiting oxidative injury (11). Additionally, we 

demonstrated that intravenously given CDP-choline 

exposes intense coverage versus arrhythmias and increase 

survival rates in short-term ischemia-reperfusion of 

myocardium by activating efferent vagal pathways 

followed by increased brainstem cholinergic transmission 

throughout the initiation of central muscarinic receptors in 

rats (45). More recently we reported that CDP-choline has 

protective effects on myocardium from long-term 

coronary occlusion–reperfusion induced injury in rats 

(12). Furthermore, there were reports that demonstrated 

that CDP-choline mediated some protective effect in 

endotoxic shock. It was reported that CDP-choline 

amends serum lipid responses to endotoxin and precludes 

hepatic and renal damage during endotoxemia via a 

mechanism which is mediated by nicotinic acetylcholine 

receptor (21). CDP-choline alleviates the anomalies in the 

hemostasis and avoids the development of dissemine 

intravascular coagulopathy during experimental 

endotoxemia in dogs (46). These reports also showed that 

CDP-choline enhanced survival rate in lethal endotoxin 

shock (21). Despite these reports, there is still not enough 

information on the possible protective effects of CDP-

choline on septic shock induced negative hemodynamics 

and tissue injury. Therefore we hypothesized that CDP-

choline might exert beneficial effect in septic shock by 

improving hemodynamic parameters and protect tissue 

injury due to its anti-inflammatory and antioxidant effect.  

Materials and Methods 

Animal preparation and experimental design: 24 

adult (3-4 months old) male Sprague-Dawley rats 

weighing 250-300 g (Uludag University Experimental 

Animals Breeding and Research Center, Bursa, Turkey) 

were used in the current study. Rats were housed three per 

cage (Euro Type 3 rat cage, dimensions 425 x 265 mm x 

185 mm, floor area: 800 cm2) under a 12-h light/dark cycle 

in a temperature-controlled environment (20 oC to 22 oC) 

with food pellets (standard diet of rat chow) and tap water 

available ad libitum. Experiments were performed on 

animals after an acclimation period of one week. Uludag 

University Animal Care and Use Ethical Committee 

approved both surgical and experimental protocols of the 

current study (Approval number: 2010-08/07 and date: 

26.11.2010). Animal experiments were performed in 

accordance with the Guide for the Care and Use of 

Laboratory Animals which is issued by the National 

Institutes of Health.  

Twenty-four rats were randomly assigned to 3 

groups (8 rats/group): group 1 (sham), group 2 (CLI + 

saline 1 ml/kg), group 3 (CLI + CDP-choline 100 mg/kg). 

All animals’ blood pressure and heart rate recorded during 

the experiment as described below. Animals in the second 

and third group treated by saline or CDP-choline 3 hours 

after undergoing CLI. The rats in each group were killed 

at 6 hours after undergoing CLI, blood and tissue 

specimens were collected for histological analysis and 

cytokine measurements. 

Concisely, in sevoflurane anesthetized rats (inducted 

by 4% and maintained by 1.5% sevoflurane); left arteria 

femoralis and vena jugularis were cannulated for 

recording blood pressure and drug injections. Blood 

pressure and heart rate were monitored and recorded using 

Power Lab data acquisition system and Lab Chart software 

(AD Instruments, New Zealand) at 1 min intervals for 6 h. 

Mean arterial pressure (MAP) was reported as mmHg and 

heart rate (HR) was expressed as beats per minute (bpm).  

Cecal ligation-incision procedure: For CLI, midline 

laparotomy was accomplished in animals. The cecum was 

exteriorized in these animals by cotton sticks, which had 

been located in saline (0.9% NaCl) solution. In sham 

operated animals, the cecum was slotted back into the 

abdomen following a kindly operation. In the CLI-groups, 

for avoiding the bowel obstruction; the cecum and the 

mesenteric artery and vein were ligated just below the 

ileocecal valve. Consequently, the cecum was opened 

through a 1.5 cm incision. The cecum was then placed 

back into the abdomen. In all groups, saline (2 ml/kg) was 

administered intraperitoneally for fluid resuscitation just 

before the abdomen was closed. CDP-choline (100 mg/kg) 

or saline (1 ml/kg) was intravenously injected 3 hours after 

CLI induction. Sham group did not receive any injection. 
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CDP-choline dose was chosen from dose-response studies 

that published previously (45). 

Cytokine measurements: For the measurement of 

plasma cytokine (IL-1β, IL-6,TNF-) levels, blood 

samples (200 µl) were obtained from rats into EDTA 

containing cold tubes and centrifuged at +4 °C, 1800 rpm, 

for 20 min. All the samples stored at −80 °C until the 

measurement. The plasma levels of cytokines were 

determined by enzyme immunoassay (ELISA) as per 

company's guide (Signosis Inc., CA, USA) using a 

microplate reader (BioTek Instruments, Inc., VT, USA) 

where the absorbances were read at 450 nm. 

Histopathological staining: Animals were perfused 

with a fixative that contains paraformaldehyde (4%) in 0.1 

mol/L phosphate buffer (pH 7.6) under profound 

anaesthesia, at the end of the study. Following the 

perfusion, tissue samples (liver, lung, kidney, spleen) were 

removed. They fixed for 24–48 h at 37 °C in the same 

solution. After consecutive dehydration in 70% ethanol, 

80% ethanol, 96% ethanol, and absolute ethanol, the 

specimens were fixed in paraffin, and sections were cut 5 

µm thick. Finally, they stained with hematoxylin-eosin. 

Each slide was examined for congestion, hyperemia, 

hemorrhage, degeneration, necrosis, infiltration of 

polymorphonuclear leukocytes, necrosis on x40 power 

magnification. 

Drugs: CDP-choline (Sigma Aldrich Co. Deisenhofen, 

Germany) was dissolved in saline (100 mg CDP-choline/1 

ml saline). 

Statistical analysis: All data are expressed as mean ± 

standard error of the mean (S.E.M.) and statistical 

analyses were performed by repeated measure one- and 

two-way analysis of variance (ANOVA) followed by 

Bonferroni’s multiple-comparisons test using SigmaStat 

3.0 (Chicago, IL, USA). P<0.05 was considered 

statistically significant. 

Results 

Effect of CDP-choline on blood pressure and heart 

rate in septic shock-induced by CLI: Baseline mean 

arterial pressure (MAP) values of rats were 119 ± 2 mm 

Hg (n=24). These values did not change significantly in 

sham group (p>0.05) (Figure 1A). Cecal ligation incision 

(CLI) procedure caused the decrease in MAP within 60 

min (p<0.05) (Figure 1A). Saline injection 3 h after CLI 

did not change the arterial blood pressure in CLI-induced 

rats and arterial blood pressure continued to decrease 

throughout 3 hours (p>0.05) (Figure 1A). Intravenous 

injection of CDP-choline at 3 hours after CLI ameliorated 

hypotension in 1 hour (p<0.05) (Figure 1A). Arterial 

blood pressure of rats maintained at these levels until the 

end of the study in CDP-choline group (Figure 1A).  

Heart rate of rats in CLI + saline and CLI + CDP-

choline groups increased significantly (p<0.05) (Figure 

1B). CDP-choline administration did not affect the rise in 

heart rate significantly in septic shock conditions (p>0.05) 

(Figure 1B). Measured MAP and HR values during the 

experimental protocol are presented in Table 1. 

Effect of CDP-choline on IL-1β, IL-6 and TNF-α 

levels in septic shock-induced by CLI: Plasma IL-1β, IL-6 

and TNF-α levels were 266 ± 54, 1201 ± 125 and 27 ± 9 

pg/ml respectively at the end of experiments in sham 

group (Figure 2). Cecal ligation incision procedure caused 

significant increases in the levels of IL-1β (p<0.05) 

(Figure 2A), IL-6 (p<0.05) (Figure 2B) and TNF-α 

(p<0.05) (Figure 2C) as observed in saline injected control 

group. CDP-choline injection abolished the increases in 

IL-1β (p<0.05) and TNF-α (p<0.05), attenuated the 

increase in IL-6 levels (p<0.05) (Figure 2) induced by CLI 

procedure. 

 

 

 

Table 1. Comparison of the values of mean arterial pressure (MAP) and heart rate (HR) in sham, saline and CDP-choline groups before 

and after cecal ligation-incision (CLI). Data are means ± S.E.M. (n = 8 rats in each group). *p<0.05, vs sham group. +p < 0.05 vs CLI 

+ saline  group. 

Tablo 1. Çekal ligasyon-insizyon öncesi/sonrasında sham, tuzlu su ve CDP-kolin gruplarında ortalama arter basıncı (MAP) ve kalp 

hızı (HR) değerlerinin karşılaştırılması. Veriler ortalama ± ortalamanın standart hatası olarak verilmiştir. *p<0.05, sham grubuna göre. 
+p < 0.05 tuzlu su tedavisi uygulanan gruba göre. 

                                                                  

 MAP (mmHg) and HR (bpm) values 

 Before CLI After CLI/Before treatment After treatment 

Sham 

(n=8) 

118.4 ± 2.7 mmHg  

314 ± 15 bpm 

120.6 ± 2.6 mmHg 

349 ± 15 bpm 

111.4 ± 4.3 mmHg 

353 ± 18 bpm 

CLI + Saline 

(n =8) 

121.6 ± 2.3 mmHg 

327 ± 16 bpm 

82.1 ± 3.7 mmHg*  

393 ± 17 bpm* 

75.3 ± 4.4 mmHg* 

462 ± 17 bpm* 

CLI + CDP-choline 

(n =8) 

117.9 ± 1.4 mmHg 

325 ± 17 bpm 

86.7 ± 3.6 mmHg* 

400 ± 18 bpm* 

121.4 ± 3.9 mmHg+ 

431 ± 14 bpm* 
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Figure 1. Cardiovascular effect of intravenously injected CDP-

choline in CLI-induced septic shock. 3 hours after the CLI 

induction, rats were treated with CDP-choline (100 mg/kg; i.v.) 

or saline (1 ml/kg; i.v.) and then mean arterial pressure (A) and 

heart rate (B) were recorded for the next 3 hours. ‘‘0’’ shows CLI 

induction time point. Data are means ± S.E.M. (n = 8 rats in each 

group). *p<0.05, vs sham group. +p < 0.05 vs CLI + saline  group.   

Şekil 1. İntravenöz olarak uygulanan CDP-kolin’in çekal 

bağlama-kesme yöntemi ile oluşturulan septik şoktaki 

kardiyovasküler etkileri. Çekal bağlama ve kesme işleminin 

başlangıcından 3 saat sonra, sıçanların CDP-kolin (100 mg/kg, 

i.v.) veya tuzlu su (1 ml/kg; i.v.) ile tedavi edilmelerini takiben 

ortalama arter basıncı (A) ve kalp hızı (B) sonraki 3 saat boyunca 

kaydedildi. ‘‘0’’ zaman noktası çekal bağlama ve kesme 

işleminin uygulandığı anın verisini göstermektedir. Veriler 

ortalama ± ortalamanın standart hatası olarak verilmiştir. 

*p<0.05, sham grubuna göre. +p < 0.05 tuzlu su tedavisi 

uygulanan gruba göre. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The effect of CDP-choline on CLI induced alterations 

in plasma cytokine levels. Rats were treated with CDP-choline 

(100 mg/kg; i.v.) or saline (1 ml/kg; i.v.) 3 hours after the CLI 

induction. At the end of the study (3h after treatment), blood 

samples (200 µl) were collected for IL-1β (A), IL-6 (B), and 

TNF (C) levels. Data are means ± S.E.M. (n = 8 rats in each 

group). *p<0.05, vs sham group. +p < 0.05 vs CLI + saline group. 

Şekil 2. CDP-kolin’in çekal bağlama-kesmenin neden olduğu 

plazma sitokin seviyeleri değişiklikleri üzerine etkileri. Çekal 

bağlama ve kesme işleminin başlangıcından 3 saat sonra, 

sıçanlar CDP-kolin (100 mg/kg, i.v.) veya tuzlu su (1 ml/kg; i.v.) 

ile tedavi edildi. Çalışmanın sonunda (Tedaviden sonra 3 saat) 

IL-1β (A), IL-6 (B) ve TNF (C) seviyelerinin ölçümü için kan 

örnekleri (200 µl) toplandı. Veriler ortalama ± ortalamanın 

standart hatası olarak verilmiştir. *p<0.05, sham grubuna göre. 
+p < 0.05 tuzlu su tedavisi uygulanan gruba göre. 
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Figure 3. The effect of CDP-choline on CLI induced organ failure. Rats were treated with CDP-choline (100 mg/kg; i.v.) or saline (1 

ml/kg; i.v.) 3 hours after the CLI induction. Histopathological comparison of liver [sham (A), saline (B), CDP-choline (C) groups], 

lung [sham (D), saline (E), CDP-choline (F) groups], kidney [sham (G), saline (H), CDP-choline (I) groups] and spleen [sham (J), 

saline (K), CDP-choline (L) groups] tissues. “arrow” shows vacuolar degeneration; “star” shows hemorrhage; “triangle” shows 

necrosis. 

Şekil 3. CDP-kolin’in çekal bağlama-kesmenin neden olduğu doku hasarı üzerine etkileri. Çekal bağlama ve kesme işleminin 

başlangıcından 3 saat sonra, sıçanlar CDP-kolin (100 mg/kg, i.v.) veya tuzlu su (1 ml/kg; i.v.) ile tedavi edildi. Karaciğer, [sham (A), 

tuzlu su (B), CDP-kolin (C) grupları], akciğer [sham (D), tuzlu su  (E), CDP-kolin  (F) grupları], böbrek [sham (G), tuzlu su  (H), CDP-

kolin  (I) grupları] ve dalak [sham (J), tuzlu su  (K), CDP-kolin  (L) grupları] dokularının histopatolojik karşılaştırılması. “ok”, vasküler 

dejenerasyonu; “yıldız”, hemorajiyi; “üçgen”, nekrozu göstermektedir. 

 

 

Effect of CDP-choline on tissue injury induced by 

septic shock model in rats: Since septic shock leads to the 

multiple organ failure due to the tissue injury, we 

investigated whether CDP-choline can exert tissue 

protective effect in septic shock condition. Therefore 

histopathological examination was performed on lung, 

liver, kidney and spleen tissue. In CLI + saline group, 

vacuolar degeneration, necrosis and inflammatory 

reaction, increasing inflammatory cells in portal area were 

seen in liver widely to moderate; while these changes were 

observed in CLI + CDP- choline group slightly to 

moderate. In lung; severe inflammatory response 

(including bronchopneumonia and increased BALT 

activity) and severe hemorrhage were observed in CLI + 

saline group, while inflammatory response and 

hemorrhage were just moderate in CLI + CDP- choline 

group. In kidney, degeneration in tubules and necrosis 

were seen slightly in CLI + saline group. The severity of 

lesions in CLI + CDP- choline group was moderate extent. 

In spleen, there were remarkable siderosis, necrosis and 

depletion of lymphoid tissue in saline treated CLI-induced 

sepsis group. However this changes decreased in CDP- 

choline treated CLI sepsis (Figure 3). 

Discussion and Conclusion 

The present data shows that intravenously injected 

CDP-choline restores blood pressure, attenuates the 

increase in plasma IL-6, IL-1, TNF-a levels and prevents 

lung, liver and kidney injury in septic shock induced by 

cecal ligation and incision model.  

Cecal ligation and incision model decreased arterial 

blood pressure and caused hypotension within 3 hours 

(Figure 1). CDP-choline that was injected at 3rd hours after 

CLI increased blood pressure and reversed hypotension 

without affecting the heart rate changes. The dose of CDP-

choline was chosen from our earlier experiments in which 

the drug was shown to exert both cardiovascular and tissue 

protective effects in several conditions (11, 31, 32, 45). 

Our previous reports repeatedly demonstrated that CDP-

choline, administered either intracerebroventricularly or 

intravenously, can affect blood pressure and exert pressor 

response in normal and hypotensive conditions (31, 32). 

Therefore the present finding showing that CDP-choline 

restores hypotension induced by CLI is in aggreement 

with those previous reports. Besides, the observation that 

CDP-choline did not alter the increase in heart rate caused 

by CLI is in good accordance with the previous data 
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demonstrating that CDP-choline did not influence heart 

rate changes while producing pressor effect in normal and 

haemorrhaged conditions (31, 32). 

Although the mechanism of the CDP-choline’s 

pressor effect was not investigated in this study, we may 

imply that the activation of central cholinergic nicotinic 

and/or muscarinic receptors followed by the enhancement 

of central cholinergic transmission is the leading part of its 

pressor effect. Because we have previously shown that 

intravenously injected CDP-choline increases choline 

levels in the plasma and the brain, improves neuronal 

acetylcholine synthesis and release; the increase in 

neuronal Ach release activates central nicotinic receptors 

which results in the pressor response through the 

stimulation of the peripheral catecholamine and 

vasopressin release (32, 33). On the other hand, it has been 

shown that, choline is a selective agonist for 7 nicotinic 

acetylcholine receptors (6). It has also been reported that 

choline exerts pressor effect by directly activating 7-

nicotinic acetylcholine receptors (23). Hence, we may also 

suggest that choline metabolite may mediate the pressor 

effect of CDP-choline observed in this study.  

Septic shock induced by cecal ligation insicion 

model caused an increase in plasma TNF-, IL-6 and IL-

1 levels. CDP-choline administration significantly 

attenuated the increase of these cytokine levels (Figure 2). 

The excessive increase of these proinflammatory 

molecules indicates the progressive and deleterious 

inflammatory response to infection in septic shock. 

Therefore, treatment approaches aimed at reducing the 

release of these molecules in endotoxemia or sepsis are 

very important (29). One of those treatment strategies is to 

activate vagal anti-inflammatory cholinergic signaling 

because the stimulation of efferent vagus nerve inhibits the 

release of proinflammatory molecules and attenuates the 

progression of shock in endotoxemia (8). CDP-choline 

can be considered one of those cholinergic modalities 

since it has been shown to activate efferent vagal 

cholinergic pathway by stimulating central muscarinic 

receptors throughout the enhanced cholinergic transmission 

in short term myocardial ischemia-reperfusion injury (45). 

Moreover, 7-nicotinic acetylcholine receptors have a 

unique role in mediating vagal anti-inflammatory pathway 

(25, 39). Several reports revealed that the activation of 7-

nicotinic acetylcholine receptors by nicotine (a 

nonselective nicotinic agonist) or GTS-21 (a selective 7 

nicotinic acetylcholine receptor agonist) blocked the TNF-

 release and improved survival in experimental septic 

conditions (26, 40). Considering that choline is the main 

functional mediator of CDP-choline and is a selective 

agonist for 7 nicotinic acetylcholine receptors together 

with the above information, we may suggest that the 

stimulation of vagal cholinergic anti-inflammatory 

signaling through the initiation of central muscarinic 

cholinergic receptors or peripheral 7-nicotinic acetylcholine 

receptors may mediate the CDP-choline induced inhibiton 

of the proinflammatory cytokine release in septic shock 

conditions.  

In the present study, histological data demonstrated 

that CLI model caused multiple organ injury including 

liver, kidney, lung and spleen. Reduced tissue perfusion 

during the hypotensive phase, inflammation through the 

excessive release of proinflammatory cytokins and 

oxidative stress are the main reasons of these tissue 

damages in septic shock conditions (5). CDP-choline 

administration attenuated tissue injuries and decreased 

vacuolar degeneration, necrosis and hemorrhage in liver, 

kidney and lung tissue. CDP-choline-induced tissue 

protection may have been through i) the improved tissue 

perfusion due to drug’s pressor effect, ii) the alleviation of 

inflammatory conditions due to the drug-induced decrease 

in plasma proinflammatory cytokins. CDP-choline also 

can reduce oxidative stress in several pathological 

conditions (3, 11). Therefore the antioxidant effect of 

CDP-choline may have another explanation of its tissue 

protective effect.  

In summary, the outcomes of the current study show 

that CDP-choline is able to restore hypotension, to 

decrease the plasma levels of proinflammatory cytokins 

and to protect tissue injury induced by septic shock model.  
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