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Introduction
Ischemic heart disease is a leading cause of morbidity 

and mortality world-wide1. The discover y of pre-

conditioning2 and post-conditioning3 has encouraged 

the exploration of new ways to protect against ischemic-

reperfused myocardium. However, ischemic heart disease 

in humans is a complex disorder that is associated with 

known cardiovascular risk factors, such as hypertension, 

hyperlipidemia, diabetes, and heart failure.

It i s known that diabetes mel l i tus (DM) is an 

independent risk factor for cardiovascular disease and that 

diabetics are at higher risk for developing cardiovascular 

complications4-6. Studies showed that diabetes abrogates 

the ability for pharmacological agents7-9 and ischemic pre-

conditioning10-13 to reduce myocardium infarct size. The 

mechanism of how diabetes abrogates cardioprotection is 

still not clear. 

It has been reported GSK-3  is more often activated 

in DM14-16 .Activated GSK-3  is associated with an 

opening of the mitochondrial permeability transition 

pore at the onset of reperfusion, which thereby increases 

myocardial reperfusion injury17-19. Thus, we believe DM 

abolishes cardioprotection and increases injury through its 

effects on GSK-3 .

Sufentanil, a selective μ-opioid receptor agonist, is 

gaining popularity in clinical use and confers protection 

against myocardium ischemia-reperfusion injury20,21. 

Therefore, the aim of this study was to characterize the 

cardioprotective ability of sufentanil in diabetic rats, 

compared with non-diabetic rats. Furthermore, this study 

investigated the role of GSK-3  in the elimination of the 

cardioprotective effect of sufentanil post-conditioning in 

diabetic rats by introducing a GSK-3  inhibitor, SB216763.

 

Methods 
Animals 
Male Sprague-Dawley rats (250-300g), including 

streptozotocin-induced diabetes mellitus and age-matched 

non-diabetic control rats, were used in this study. The 

experimental protocol was approved by Anhui Medical 

University Research Committee for the care and use of 

laboratory animals and conformed to the committee’s 

guidelines and regulations for animal care.  

Induction of diabetes 
Diabetes mellitus was induced by single intraperitoneal 

injection of streptozotocin (50 mg/kg)10,22. Two days later, 

only rats with fasting blood glucose (FBG) levels > 16.7 

mmol/L were considered to be hyperglycemic. Rats were 

given unlimited food and water and were not supplemented 

with insulin or anti-hyperglycemic agents. Two weeks 

following STZ injection, the animals were used for 

experiments. 



Laboratory and Clinical Investigation FAM 2011 Nov/Dec  Vol.18 Issue 6

Induction of ischemia-reperfusion
All animals were anesthetized with sodium pentobarbital 

(50 mg/kg), maintained by repeat doses of 25 mg/kg. The rats 

underwent tracheotomy with ventilation at 60–70 breaths/

min. A heating pad was used to keep body temperature 

at 37±1°C. Catheters were inserted into the right jugular 

vein for fluid or drug and the right carotid artery for 

continuous monitoring of blood pressure. Also, a Lead-II 

electrocardiogram monitored heart rate via subcutaneous 

stainless steel electrodes. At the fifth intercostal space, a 

left thoracotomy and pericardiotomy were performed to 

expose the heart. A 6-0 silk thread was passed around the 

left anterior descending coronary artery along with a snare 

occlusion device. Regional ischemia was achieved by pulling 

the snare and securing the threads with a mosquito hemostat. 

Ischemia was confirmed by electrocardiogram (ECG) 

changes and regional myocardial cyanosis. Reperfusion was 

confirmed by visible epicardial hyperemia. After stabilization 

for 30 min, the heart rate (HR), mean arterial pressure (MAP), 

and ECG were recorded and the rate-pressure product (RPP) 

was calculated by multiplying the systolic blood pressure 

(SBP) by HR.

Study groups
A total of 48 rats (24 non-diabetic and 24 diabetic) 

were randomly divided into eight groups: 1) non-

diabetic sham group (NDM-S); 2) non-diabetic ischemia-

reperfusion groups (NDM-IR); 3) non-diabetic sufentail 

post-conditioning group (NDM-SP); 4) non-diabetic group 

treated with SB216763 (NDM-SB); 5) diabetic sham group 

(DM-S); 6) diabetic ischemia-reperfusion group (DM-

IR); 7) diabetic sufentail post-conditioning group (DM-

SP); and 8) diabetic group treated with SB216763 (DM-

SB). All groups were subjected to 30 min of ischemia and 2 

h of reperfusion, except the sham groups, i.e. NDM-S and 

DM-S. Groups with the suffix –SP or –SB, were treated with 

either sufentail (1ug/kg)21 or SB216763 (0.6 mg/kg) 7,19, 

respectively. Sham and ischemia-reperfusion groups, i.e. 

with the suffix –S or –IR, were treated with vehicle only. All 

agents were given as a bolus 5 min before reperfusion.

Infarct size measurement and microscopy 
analysis 

After 2 h of reperfusion, hearts were excised, weighed, 

frozen, and cut into 2-mm sections. The sections were 

immersed in 1% 2,3,5-triphenyltetrazolium chloride (TTC; 

Sigma chemicals, St. Louis, MO) stained in pH 7.4 buffer 

for 20 min at 37°C and then fixed in 10% formalin23. With 

TTC stain, infarcted myocardium becomes a pale color 

and the area at-risk (AAR) becomes a brick-red color. The 

AAR and infarcted size (IS) were traced and digitized using 

SigmaScan 4.0 software (Systat Software Inc, Richmond, CA). 

We calculated the volumes of the left ventricles, IS, and AAR 

by multiplying the calculated area by the slice thickness and 

summing the product. The infarct size was expressed as a 

percentage of the AAR (IS/AAR).

Western blot analysis 
For analysis of GSK-3  phosphorylation, hearts (4/

group) were collected from the following groups: NDM-

IR, NDM-SP, NDM-SB, DM-IR, DM-SP, and DM-SB. All 

animals were subjected to 30 min of left coronary artery 

occlusion and reperfusion. Five min after reperfusion, hearts 

were excised and the left ventricles were immediately frozen 

in liquid nitrogen before being stored at -80°C. The amount 

of phosphorylated and total levels of GSK-3  was analyzed 

as previously described7,24 by SDS-PAGE using antibodies 

obtained from Cell Signaling Technology (Boston, MA,USA , 

and diluted 1:500, 1:1000 respectively ) . Phosphorylated levels 

were normalized to total protein. Equal protein loading was 

confirmed by GAPDH. Relative densitometry was determined 

using the computer software package Quantity One (Bio-Rad, 

Hercules, CA).

Statistical analysis
All values are expressed as mean±SE. For body weight, 

heart weight, and blood glucose levels, statistical analyses were 

performed using a Student's t-test. Differences between groups 

were evaluated using one-way analysis of variance (ANOVA), 

followed by the Student Newman-Keuls method. For the 

hemodynamics data, ANOVA for repeated measurements 

was used. Values of p < 0.05 were considered to be statistically 

significant.

Results
Animal data
After administration of a single dose of streptozotocin 

(50 mg/kg), diabetic rats had significantly higher levels of 

plasma glucose (26.8±4.5 mmol/L) than the non-diabetic 

rats (5.4±1.0 mmol/L , p < 0.05). Heart weight and body 

weight were lower in the diabetic group than in the non-

diabetic group (p < 0.05). No differences were seen in heart 

413Cover Thesis

Cover Thesis



Laboratory and Clinical Investigation FAM 2011 Nov/Dec  Vol.18 Issue 6414Cover Thesis

weight to body weight ratios (Table 1). 

Hemodynamic parameters
The heart rate, mean arterial pressure, and rate 

pressure product for all the groups are displayed in 

Table 2. The mean arterial pressure and rate pressure 

product significantly decreased after ischemia-reperfusion 

compared to baseline in all groups. Compared to the 

sham groups, all groups also had a lower the mean arterial 

pressure and rate pressure. Also, significant differences were 

measured in baseline heart rate for the diabetic sham (DM-

S), compared to the non-diabetic sham (NDM-S) group.

Myocardial Infarct Size and cTnI
As shown in Fig. 1, Fig. 2, and Table 3, the mean 

infarct size of the left ventricle in the NDM-IR group 

(51.1±3.7%) and DM-IR group (51.0±4.5%) was similar. 

Between the NDM-SP and the NDM-IR groups, the infarct 

size (25.8±3.5% vs. 51.%±4.5%, p < 0.05) and the plasma 

concentration of cTnI (0.85±0.17 μg/L vs. 1.11±0.13 μg/

L, p < 0.05) were significantly less. However, there were no 

significant differences in these variables between the DM-SP 

group and DM-IR group. Interestingly, SB216763 treatment 

in non-diabetic and diabetic rats , compared to their 

corresponding IR groups , reduced the infarct size (27.1±2.1% 

vs. 51.1±3.7% , 28.3±3.0% vs. 51.0±4.5%, p < 0.05 ) and the 

plasma concentration of cTnI (0.79±0.10 μg/L vs. 1.11±0.13 

μg/L, 0.73±0.13 μg/L vs. 1.06±0.09 μg/L, p < 0.05).

������	�����	����	��������	
Western blot analysis of GSK-3  and phospho-GSK-

3  (P-GSK-3 ) from the anterior myocardium of the left 

ventricle is shown in Fig. 3. The total GSK-3  levels did 

not vary between study groups so P-GSK-3  levels were 

normalized to total protein levels and expressed as a percent 

change (P-GSK-3 /total GSK-3 ). 

Non-diabetic rats that received sufentanil post-

conditioning (NDM-SP group) had higher P-GSK-

3  protein levels, compared with the NDM-IR group 

(0.26±0.06 vs. 0.15±0.02, p < 0.05). However, no significant 

difference was found between DM-IR and DM-SP 

(0.09±0.03 vs. 0.06±0.01, p > 0.05). In association with the 

myocardial infarct size, SB216763 treatment significantly 

elevated P-GSK-3  in both non-diabetic and diabetic 

groups.

Table 1.Characteristics of non-diabetic and diabetic rats
NDM DM

Body weight (g) 317±15 251±25*
Heart weight (mg) 831±66 665±81*

Heart weight/body weight (mg/g) 2.7±0.1 2.7±0.1
�	����	������	���	��VV�	�Y� 5.4±1.0 26.8±4.5*

��V���
����;��\����^��������\��� ���	�*����
���"�������� �>����]���	���� ����
presented as mean±SD
*p < 0.05 compared to the NDM group, n=24

Table 2.Hemodynamics for sufentai l and SB216763 
experiments at baseline, at 30 min of ischemia, and at 2 h of 
reperfusion in non-diabetic and diabetic rats

Group Baseline 30-min ischemia 2-h reperfusion

HR
(bpm)

NDM-S 400±19 398±15 391±20
Q|�><� 397±17 395±21 382±20
NDM-SP 386±22 389±13 372±18
NDM-SB 403±14 404±18 388±23

DM-S 348±14 348±13 342±12
|�><� 359±13 349±15 333±15
DM-SP 360±7 365±20 351±18
DM-SB 355±9 356±16 340±19

MAP
(mmHg)

NDM-S 96±10 95±10 90±9
Q|�><� 90±8 76±9§ 69±7§

NDM-SP 97±9 81±5§ 77±6§

NDM-SB 88±8 75±7§ 72±6§

DM-S 104±10 103±7 100±7
|�><� 103±11 73±7 67±6
DM-SP 100±7 76±7 64±6
DM-SB 103±10 82±8 76±8

RPP
(mmHg/min

/1000)

NDM-S 42±5 41±4 40±4
Q|�><� 41±4 36±3§ 31±3§

NDM-SP 41±3 35±2§ 34±5§

NDM-SB 41±4 36±3§ 33±6§

DM-SP 38±3 38±3 36±2
|�><� 37±3 29±3 25±2
DM-SP 37±2 32±3 26±3
DM-SB 38±3 33±3 29±3

Data are compared against baseline values within-group using a repeated measure 
analysis of variance (ANOVA) and between groups using a one-way ANOVA, 
followed by Student Newman-Keuls post hoc test. Data are mean±SD. 
��!�������������;�V�����K!�V���������
�	����������;�V��VV������KK!���������������
������� �VV���V
��j```���Q|�!����>
�;�����V�		
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�;�����V�		
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Figure 1. Representative pictures of pathological section of the 
myocardium after TTC staining.



Laboratory and Clinical Investigation FAM 2011 Nov/Dec  Vol.18 Issue 6

Cover Thesis

Table 3.The infarct size and plasma concentration of cTnI

Group Y�£����V3) ARR (cm3) <"��V3) <"���� ���<����Y�
NDM-S 1.039±0.110 0.346±0.025 — — 0.35±0.11
Q|�><� 1.044±0.056 0.343±0.019 0.175±0.012 0.511±0.037 1.11±0.13§

NDM-SP 1.096±0.058 0.383±0.030 0.100±0.019* 0.258±0.035* 0.85±0.17§*
NDM-SB 1.074±0.113 0.379±0.011 0.102±0.007* 0.271±0.021* 0.73±0.13§**

DM-S 0.818±0.12§ 0.308±0.069 — — 0.42±0.11
|�><� 0.821±0.117 0.331±0.059 0.166±0.019 0.510±0.045 1.06±0.09
DM-SP 0.823±0.174 0.319±0.061 0.157±0.021# 0.517±0.052# 1.04±0.11 #

DM-SB 0.841±0.185 0.323±0.072 0.091±0.02¡ 0.283±0.03¡ 0.79±0.10 ¡

Differences between groups were evaluated using one-way analysis of variance 
(ANOVA), followed by Student Newman-Keuls post hoc test. Values are presented 
as mean±SD. 
Y�£��!� ���� ��V���� �����
�	��� ���������!� ����� ��� �
�{�� <"!� 
������� ������ <"����!�

��������
*���������������������������������������¥ no detection.
��� �`]`���������Q|�>"��������� �� �`]`���������|�>"���������¦�� �`]`���������
Q|�><����������¡�� �`]`���������|�><���������¨�� �`]`��Q|�>"K��������|�>
SP group. n=6 hearts in each group
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Discussion
The present data suggests that sufentanil post-

conditioning protects against I/R injury, and that 

the protection is dependent on GSK-3  signaling. 

Administration of SB216763, a GSK-3  inhibitor, five min 

before reperfusion significantly reduced the IS/AAR and 

the plasma concentration of cTnI, while increasing P-GSK-

3  in the hearts of both diabetic and non-diabetic rats. 

Furthermore, our study also suggests that direct inhibition of 

GSK-3  may represent an alternative therapeutic strategy to 

reduce infarct size in diabetes.

Sufentanil, a selective μ-opioid receptor agonist, is a 

more potent analgesic than fentanyl and produces stable 

hemodynamics25-27, making it particularly popular in clinical 

use, particularly for cardiovascular surgery. Studies with 

experimental models20,21 have shown that sufentanil post-

conditioning can be an effective method of cardioprotection, 

similar to other opioids28,29. A dose of 1μg/kg of sufentanil 

has be accepted to be the most efficacious. 

In the present study, the administration of a single 

dose of streptozotocin to an induced-diabetes model 

significantly increased serum glucose levels. DM has been 

shown to attenuate ischemic pre-conditioning11,30, ischemic 

post-conditioning31,32 and affect the action of several 

pharmacological agents7-9 with cardioprotective effects. 

This study further demonstrated that IS/AAR and plasma 

concentrations of cTnI were significantly decreased in 

non-diabetic, but not diabetic, rats treated with sufentail 

post-conditioning. This result is consistent with previous 

studies30-32.

Ischemic/pharmacological pre- and post-conditioning 

involves the activation of a complex set of cell signaling 

pathways, to limit necrosis and apoptosis of cardiomyocytes. 

Multiple lines of evidence suggest that an opening of 

the mitochondrial permeability transition pore (mPTP) 

during reperfusion is a key inducer of cell death33-35. GSK-

3 , a constitutively active 47-kDa serine/threonine 

protein kinase, is involved in the fate of cells subjected to 

ischemia/reperfusion16,17,36. Recent studies37-39 have shown 

that a higher threshold for mPTP opening is associated 

Figure 2. Infarct size was analyzed after TTC staining and 
expressed as a percentage of the AAR. Closed bars are data 
from the non-diabetic rat hearts; striped bars are the data 
from the diabetic rat hearts. 
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with the inactivation of GSK-3 , i.e. phospho-GSK-3 , 

which serves to protect cardiomyocytes after reperfusion. 

The attenuation of pre- and post-conditioning-induced 

cardioprotection in the diabetic heart appears to be due 

to an elevated activation of GSK-3  and its downstream 

effects on insulin receptor substrates10,40, the PI3K/Akt 

pathway7, and the opening of mPTP during reperfusion. 

Thus we propose that DM eliminates the protective effect 

of sufentanil post-conditioning on myocardial ischemia-

reperfusion injury through its impairment of GSK-3 . 

In support of this hypothesis, this study revealed that 

sufentanil post-conditioning increased the P-GSK-3  

protein levels in non-diabetic, but not diabetic, rats following 

five min of reperfusion. The administration of SB216763, a 

GSK-3  inhibitor, five min before reperfusion significantly 

reduced the IS/AAR and plasma concentration of cTnI, while 

increasing the P-GSK-3  protein levels in both diabetic 

and non-diabetic rat hearts. This confirms the contention 

of Gross et al.7, who also demonstrated a similar amount of 

cardioprotection by SB216763 in a diabetic model.

Our study has some limitations. For instance, we used 

only a single dose of sufentanil (1μg/kg), because it was 

previously shown to be optimal in human clinical studies. 

By modulating the dose, one may produce a more effective 

and novel strategy to reduce the extent of myocardial injury. 

Also, the single-dose administration of streptozotocin to 

an induced-diabetes model more closely mirrors Type 1, 

instead of Type 2, diabetes. Thus, these findings may need to 

be further studied in a more appropriate model for Type 2 

diabetes. 

The present data also suggest that streptozotocin-

induced diabetes at 2 weeks abolishes the cardioprotection 

of sufentenil post-conditioning, without affecting infarct 

size and plasma concentration of cTnI. Losaki et al.41 

reported that in the early phase of diabetes, e.g. 2 weeks, the 

heart is more resistant to ischemia/reperfusion, while others 

have show an adverse or no effect after 1 week42,43. These 

differences may be due to the duration of diabetes, dose of 

streptozotocin used.

In conclusion, we report that sufentanil post-

conditioning protects against ischemia/reperfusion injury, 

and that this protection was abolished in the presence of 

STZ-induced diabetes. Diabetes reduced the increase in 

phosphorylation of GSK-3  at Ser9, after sufentanil post-

conditioning. Administration of SB216763, a GSK-3  

inhibitor, significantly increased the P-GSK-3  protein 

level and reduced the infarct size in both diabetic and non-

diabetic rat hearts. Altogether, these data suggest that acute 

GSK-3  inhibition at the time of reperfusion may provide 

an alternative therapeutic approach for treating diabetic 

patients during an acute myocardial infarction.
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PhD Degree Study in Anaesthesia at Imperial College London

Bu-wei Yu
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I. General information of College, 
Faculty of Medicine and Anaesthetics

Imperial College London
Imperial College London (http://www3.imperial.

ac.uk/) is a unique University in that it specialises in science, 

technology and medicine. Its research levels place it among 

the top three universities in the United Kingdom. 

Imperial College has over 2,800 researchers, including 

53 Fellows of the Royal Society and 57 Fellows of the Royal 

Academy of Engineering. Over the course of Imperial 

College’s distinguished history, 14 researchers have won 

the Nobel Prize.  Imperial College London is in the sixth 

and fifth position in the world as ranked by the Times 

Higher Education Supplement last year in 2008 and 2009, 

respectively. 

�����&	
�	��������
The Faculty of Medicine is one of Europe’s largest 

medical institutions-in terms of its staff and student 

population and its research income. Over 700 Faculty 

members are active in research, with an annual research 

spend of over £140 million pounds. 

There are five famous teaching hospitals located in 

north-west London (Hammersmith Hospital, Chelsea 

& Westminster Hospital, Caring Cross Hospital, Royal 

Brompton Hospital, St Mary’s Hospital) associated with the 

Faculty.  

Section of Anaesthetics, Pain Medicine & 
Intensive Care 

The Section of Anaesthetics, Pain Medicine and 

Intensive Care (APMIC) was created in 1998, with the 

intention at the Faculty level to revitalise the UK anaesthesia 

and critical care.   The Section brings together clinical and 

basic scientists with research interests in major topics in 

perioperative care, critical care and pain medicine, and 

has evolved into a successful and the most research active 

academic anaesthesia department in the UK and Europe 

under the leadership of Professor Masao Takata. 

The Section is mainly located at Chelsea & Westminster 

(CW) Campus, but has shared laboratories at South 

Kensington campus (SK), Harefield campus (HF) and 

Charing Cross campus (CX).

Magill Professor in Anaesthetics & Head of Section (CW)
                                                                           Prof Masao Takata
Professor of Pain Research (CW)                        Prof Andrew Rice
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Clinical
The Section has close links with the CW NHS Trust, as 

well as the Imperial College Healthcare Trust/AHSC and 

the Royal Brompton and Harefield Trust.  The service needs 

of these NHS Trusts in anaesthesia, pain management and 

critical care are inextricably linked with developments in 

teaching and research within the Section.   

Teaching
The Section significantly contributes to both the 

undergraduate and postgraduate teaching of the Faculty of 

Medicine of Imperial College.  Most members are involved 

in courses spanning the years 2-5 of the undergraduate 

curriculum in physiology, anaesthetics and critical care.  

The Section also plays a key part in delivering the highly 

successful BSc pathway of Surgery and Anaesthesia at year 4, 

of which Dr Wilson is a Director.  The Section is the host to 

a number of PhD students. Finally, the Section is home to 

the CW Healthcare Simulation Centre, a state of the art 

teaching aid that can simulate a wide variety of clinical 
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situations, allowing the ultimate in experiential learning for 

medical students as well as junior doctors in the discipline.

Research
The Section undertakes a wide range of research from 

the inflammatory mechanism of acute lung injury to the 

neurobiology of chronic pain, as listed below.  Studies are 

driven by the desire to understand the physiological and 

molecular basis of these processes in perioperative and 

critical care, toward future clinical applications.  For each of 

the studies, the Section has implemented complementary 

research efforts at both in vitro and in vivo levels as well 

as clinical studies, supported by the Wellcome Trust, 

MRC, BBSRC, European Comissions, other charities and 

industries.  This has created an outstanding research and 

training interface between basic scientists and clinicians 

and will facilitate the transfer of knowledge gained at the 

molecular and cellular levels to the clinical setting. 

Anaesthetics and neuroscience research
Molecular basis of anaesthesia
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Metabolic disease and brain function

Critical Care
Mechanisms of lung injury and sepsis-asscoiated organ injury
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Organ protection
Pain Research
Mechanisms and treatment of neuropathic pain
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Perioperative Care
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Perioperative cognitive dysfunction

For the next 5 years, the Section has set out two 

strategic research focuses, i.e. perioperative and critical 

care, and pain research.  Working closely with its hosting 

Department of Surgery and Cancer, the Section has now 

started an Imperial-wide initiative to establish a basic and 

clinical research consortium/centre for perioperative and 

critical care.  The Section also aims to develop basic and 

clinical pain research programmes further, based on its 

existing alliance with London Pain Consortium.  Both 

these themes are closely related to the Departmental new 

overarching research focus on “Personalised Healthcare”.

An important part of the Section strategy is to take 

advantage of the strengths in science and technology 

that exist in other part of the College, including the basic 

medical science as well as non-medical departments/

faculties. In addition to the interactions with other sections 

within the Department, the Section has established major 

links with the Biophysics Section within the Faculty of 

Natural Sciences, the Kennedy Institute of Rheumatology, 

and the various sections within the NHLI.

II.Sponsorship
The potential supervisor will help the candidate student 

to apply studentship from China Scholarship Council (CSC) 

(http://en.csc.edu.cn/) to cover the international student 

tuition fee. The living cost will be met by the student’s 

family.  The running cost of student’s PhD research project 

will be met by the supervisor’s grant. 

III.Candidates
The PhD study entry requirements at Imperial College 

London are: 1) average scoring for all subjects during 

undergraduate study > 80 (Chinese exam scoring scheme-

Max is 100); 2) overall IELTS > 6.5. 

Master degree holders in Anaesthesia or Bachelor 

degree holders in Medicine, Biology or Biochemistry 

who has achieved academic excellence during his or her 

undergraduate study will be eligible to apply for this 

sponsorship.

IV. Starting point
Candidates who are interested should email his or 

her updated CV to Dr. Daqing Ma (d.ma@imperial.ac.uk) 

or Professor Takata (m.takata@imperial.ac.uk).  If they 

think that the candidate can be appropriately supported to 

apply for the scholarship, then they will help the student to 

accomplish the paper work that Imperial is required. They 

will also help the candidate to develop a research proposal 

for his or her CSC scholarship application. 

They will also help the candidate(s) to identify any 

other alternative supervisors in case the candidate wishes to 

study in the area of Surgery, Oncology, Metabonomics or 

Reproductive Biology. 
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Advance in Diagnosis and Treatments of Complex Regional Pain Syndrome

CRPS describes an array of painful conditions that are characterized by a continuing (spontaneous and/or evoked) regional pain that is seemingly 
disproportionate in time or degree to the usual course of any known trauma or other lesion. The causes of CRPS remain unknown. Diagnosis is mainly based 
on clinical signs and assistant examination, the treatment is based on a multidisciplinary approaches. This article reviewed diagnosis and treatment’s advances 
of CRPS.  

Abstract

CRPS

CRPS
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A Retrospective Study of General Anesthesia Combined with 
Epidural Block used in 3858 Patients Underwent Hepatectomy
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University, Shanghai 200438,China

INTRODUCTION
Over the past decade, hepatic resection has evolved 

into the treatment of choice for selected patients with 

benign and malignant hepatobiliary diseases[1].  Also, with 

improvement in the safety of hepatic resection, indications 

for its use have broadened, and partial hepatectomy 

in combination with other major procedures is now 

performed with greater frequency[2]. No single factor is 

responsible for the marked improvement in perioperative 

outcome. General improvement in anesthetic technique, 

better patient selection, and the emergence of hepatobiliary 

surgery as a distinct area of specialization have all been 

cited, and probably all play a role. A better understanding 

of anesthesia management about hepatic surgery is perhaps 

an important factors in this regard [3].

Most of patient undergoing hepatic surgery have a 

long term cirrhosis history which result in mild or serious 

hepatic cirrhosis, and combined with other internal 

environment derangement including hypoproteinemia, 

disturbance of electrolyte and acid-base, blood coagulatlon 

disorder etc. All this pathological change make the 

anesthesic management of these patients a relatively high 

risk and difficult procedure[4-6]. While the ideal anesthesia 

of hepatectomy require good analgesia, better abdominal 

muscle relax, and should relieve the operative interference 

on internal env ironment as far as poss ib le . most 

importantly, we should reduce the dosage of anesthetics 

and other therapeutics administration in order to relieve 

the burden of  cirrhosis liver[7,8]. Though the simultaneous 

administration of epidural local anesthetics (LA) with 

general anesthetics (IV or inhaled) is used in major 

abdominal or thoracic surgery in recent decade.  There is 

still no experience and evaluation about the advantages 

and side effects of combined general/epidural anesthesia 

(CGEA) used in hepatic resection among patient with 

cirrhosis sepically data from lager sample. We respected 

the anesthetics character of using CGEA in 3858 primary 

liver cancer patient undergoing hepatectomy from 2004 to 

2009 in our center  which compared with other 200 patients 

undergoing general anesthesia or epidural block and the 

purpose of this study was to investigate the merit and defect 

of  general anesthesia combined with epidural block used in 

patients undergoing hepatectomy[9,10].

MATERIALS AND METHODS
Data of 4058 ASA status II-III patients scheduled 

Abstract
Aim: Most of patient undergoing hepatic surgery have a long-term cirrhosis history and combined with pathophysiologic disorders, a better 
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defect of general anesthesia combined with epidual block used inpatients undergoing hepatectomy. 

Methods: The Patients were admitted from 2004 to 2009 in Eastern Hepatobiliary Surgery Hospital in Shanghai, China, and all patients were 
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with epidural (CGEA, n=3858), general anesthesia group (G, n=100) and epidural block group (E, n=100). The intraoperative stability of vital signs, 
consumption of intravenous anesthetics/analgesics, muscle relaxants and cardiovascular drugs were compared. During the postoperative awake phase, the 
extubation time, pain relief time and awake related complications in 3 groups were also compared.

Results: General anesthesia combined with epidural block group influenced patient’s heart rate and blood pressure, but using low dose of 
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awake phase, General anesthesia combined with epidural block group can awake and extube earlier with lower dysphoria,uroschesis and mantains longer-
term pain relief than that of other groups.

Conclusions: General anesthesia combined with epidural block was safe and reasonable for hepatectomy compared with general or epidural 
anesthesia. The side effects of the technique were hypotension bradycardia and to light general anesthesia, which can result in awareness during surgery, 
and also, the use of CGEA in hepatic surgery is increasing because of the favorable recovery characteristics that facilitate early hospital discharge.
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for hepatic resection were studied, while including 3 

different anesthesia methods: combined general/epidural 

anesthesia (CGEA), general anesthesia (G) and epidural 

block group(E) . Patients’ characters and liver function are 

shown in table 1.They were all cases admitted from Jan, 

2004 to Dec, 2009 in a single center (Eastern Hepatobiliary 

Surgery Hospital in Shanghai, China). Patients with known 

cardiovascular, neurologic, or metabolic disease, those 

receiving -blockers, and those with a history of drug 

allergy or abuse were excluded. Most of patients have 

normal hepatic and renal functions while a few patients 

have gently coronary heart disease, hypertension, diabetes 

mellitus and other systemic disease. 

Premedication consisted of 5 mg of oral diazepam the 

night before surgery and atropine 1 mg , morphine 5mg 

and pentobarbital 0.1g on call to the operating room (OR). 

On arrival at the OR, patients were monitored as usual 

and received 8 mL/kg of IV lactated Ringer's solution. An 

epidural catheter was inserted through a 18-gauge Tuohy 

needle at T8-9 and advanced 3-4 cm; afterward, a test 

dose of 3 mL of lidocaine was administered to exclude 

intravascular location , and the level of anesthesia was 

determined by loss of pinprick sensation . With the patients 

supine, a bolus of 8-10 mL of 0.5% bupivacaine of the 

epidural solutions was administered in Epidural group. 

For intraoperative use, a dosage interval of 60-80 min and 

4-6 mL of 0.5% bupivacainwere chosen. The individual 

dose for every patient was titrated depending on the initial 

required dose, age and size, and we decrease the dosage of 

bupivacaine or substitute for 8-10 mL of 2% lidocaine  in 

case of  aged or patient with other systemic disease.

In CGEA and general anesthesia groups, IV general 

anesthesia was induced with fentanyl (0.002mg/kg), 

propofol (2mg/kg), rocuronium (0.8 mg/kg), then 

endotracheal intubation (ETI) when the eyelid reflex was 

abolished, general anesthesia was maintained with oxygen/

N2O (40%/60%), 1% isoflurane, and rocuronium (0.8 

mg. kg-1.h-1). the epidural catheter was  delivered local 

anesthetics according the way of epidural group in CGEA. 

All patients were mechanically ventilated to an ETCO2 

of 32-35 mm Hg. An arterial line was also inserted to 

obtain mean arterial blood pressure (MAP) and blood gas 

analysis. Values of MAP during induction were obtained 

noninvasively, whereas during surgical anesthesia they were 

registered from the arterial line. Blood temperature was 

kept constant within 0.5°C and >35.5°C.  Volume treatment 

was controlled in both groups with crystalloids and colloids 

to keep the patient in stable fluid balance, and vasoactive 

drugs(2mg ephedrine)  were  given when MAP wes 

decreased 30% by epidural local anesthetics administration. 

D u r i n g o p e r a t i o n v i t a l s i g n s we re co l l e c te d 

automatically by computer and drug administration 

was recorded simultaneously by an automatic recording 

system (supported by Agilent Science & Technology Ltd). 

we analyzed each set of hemodynamic measurements, 

consisted of HR, mean arterial pressure (MAP),  togather 

with the useage of anesthetics and muscle relaxation as 

well as details of awake phase in all three groups. Time of 

analgesia wes calculated from the time of extubation to first 

administation of opiods postoperatively.  

Statistical analysis of data was performed with SPSS® 

11.0 (SPSS Inc., Chicago, IL, USA), Fisher’s ANOVA and 

chi-square was used for comparisons among groups, the 

values were expressed as mean ± standard deviation (SD), 

and P < 0.05 was taken as statistically significant.

RESULTS
Chang of vital signs during hepatotomy
Demographics were similar among groups(table 1). 

Patients in CGEA group showed a more severe descent of 

heart rate and blood pressure during anesthesia induction 

than general and epidural groups(table 2). All patients 

in three groups have an reflexly increased heart rate and 

decreased mean blood pressure druing portal hepatic 
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Table 1.Demographic characteristics of patients studied and 
their Pugh class

Groups
Median Age

(yrs)
Gender

F/M
Smoking

(n)
Ethanol

(n)
Pugh Class

A,B,C
CGEA(n=3858) 46(21-78) 375/3483 564 349 A(3457) B(401)

G(n=100) 48(18-76) 12/88 16 8 A(92),B(8)
E(n=100) 44(27-68) 9/91 17 11 A(90),B(10)

CGEA: general/epidural anesthesia, G: general anesthesia  E: epidual block
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Groups N
<���� Portal clamp Awake

HR MAP(mmHg) HR MAP(mmHg) HR MAP(mmHg)
E 100 -10.25±5.82 -7.08±3.22 -8.29±3.22 -3.24±6.23 5.22±2.13 3.23±1.22
G 100 -16.15±8.12 -10.15±5.26 -10.12±5.23 -4.18±2.78 j�©~]^�ª j�]j^©�]�ª

CGEA 3858 -25.32±9.52* -19.26±7.23* -7.12±4.22 -5.48±3.01 4.23±1.32 3.27±4.02

CGEA: general/epidural anesthesia, G: general anesthesia  E: epidual block  
¦�K `]`������������=����L��ª�K `]`������������=�����L=�
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clamping phase as preload of right ventricle has decreased, 

but changes of heart rate and mean blood pressure were not 

very intense as patients have cirrhosis history, and also have 

relatively plentful collateral circulation which can decrease 

the hemodynamic change during portal  block.

In awake and extubation phase,  patients in G group 

have evidently increased heart rate and blood pressure 

because they could not avoid the nociceptive input 

originating from the surgical site including pain of 

incisions, but patients in CGEA group have shown not 

obviously hemodynamic change as epidural anesthesia 

could also maintain effective analgesia and avoid the 

nociceptive input originating result from surgery even 

when general anesthesia have completed.

Administation during operations
During surgery , anesthesia related medication can 

be classified epidural local anesthetics, muscle relaxants, 

opium analgetics (fentanyl), inhaled anesthetics (enflurane, 

isofulrane etc), and cardiovascular drug( epherdrine, 

dopamine, adrenaline etc).The main  medication condition 

during operations in  three groups were listed in talbe 3. 

In gen group, dosage of muscle relaxants and analgetics 

was far more large than that in CGEA and Epi groups, and 

even needs of inhaled anesthetics(MAC) are higher than 

in CGEA. As the side effects of the technique are related to 

the epidural administration and to light general anesthesia, 

which can result in decrease of brood pleasure and heart 

rate, cardiovascular drug( epherdrine) medication in CGEA 

are higher than that in Gen group.

Details of awake phase
All the patients in CGEA group have acquired an earlier 

awake and shorter extubation time as they group have 

maintained relatively light inhaled general anesthesia, and 

medications of opium analgetics and muscle relaxant were 

obviously less than in Gen groups. And after extubation, 

CGEA patients have also maintain enough analgesia as 

epidural local anesthetics was still take effect, which also 

resulted in better recovery and lower awaken complications 

(Dysphoria, Uroschesis etc, listed in Table 4).

DISCUSSION
Many studies have point out that the effects of 

anesthesia and surgery on the endocrine and immune 

system are inextricably linked. Surgery and other major 

insults to the body (e.g., burns, infection, and major 

trauma) elicit a profound neuroendocrine and cytokine 

response collectively known as the “stress response.” 

The neuroendocrine element of the stress response is 

activated by noxious afferent neuronal input and results 

in activation of most major endocrine systems, including 

the hypothalamico-pituitary, adrenocortical, and renin–

angiotensin systems[11-13]. There are few studies on the effect 

of anesthetic exposure alone on the immune system, so it is 

difficult to separate the effects of anesthesia and surgery. The 

balance of opinion suggests that most immunosuppression 

in surgical patients is primarily the result of the surgical 

stress response rather than the anesthetic agents per se. 

During general anesthesia, Synthesis and excretion of 

hormones in adrenal medulla and adrenal medulla made 

the patients in more stress conditions as nocieptive input 

originating from the surgical site was not sufficiently 

blocked[14,15]. We also suggest that general anesthesia can 

not release the patients’ “stress response” sufficiently as the 

hemodynamic change was obvious especially in anesthesia 

induce and awake phase. These finding are in agreement 

with other studies that have shown  patient had higher 

plasma cytokine level postoperative although undergoing  

“ideal” general anesthesia.[16,17]

Loss of body protein, as assessed by urinary excretion 

of nitrogen, is a characteristic of the stress response to 

surgery and may be reduced by epidural anesthesia[18].  

Carli and Halliday[19] investigated whether the protein-

sparing effect of epidural anesthesia was due to reduced 

protein degradation or increased protein synthesis,  their 

results suggested that epidural infusion of local anesthetics 

begun before the surgical incision and continued for 48 
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Table 3.Consumption of anesthetics and muscle relaxation 
during operation

Table 4.Details of recovery phase

Groups N
Extuble Time Time of analgesia Dysphoria Urinary retention
( x±s,t/min) ( x±s,t/min) N(%) N(%)

E 100 —— 289.23±132.15 1.89 12.13
G 100 25.12±8.19 �^]^�©j�]^�ª j~]�^ªª 5.12

CGEA 3858 12.25±5.19* 298.25±125.22 1.02 11.89

Groups N
Ephedrine Atracurium Fentanyl Bupivacaine <��¬����� =�¬�����

mg.h-1 mg.h-1 �]�>j ml.h-1 MAC MAC
E 100 5.12±1.23 —— 18.12±2.33 5.05±2.13 —— ——
G 100 4.88±2.02 j~]^�©�]j^ªª ~�]j^©^`]�`ªª —— 1.21±5.15 1.25±0.72

CGEA 3858 10.89±5.12* 2.55±0.88 15.12±2.15 4.98±1.79 0.83±0.20 0.92±0.12

¦�K `]`j����=�
����L�����������ªªK `]`j����=�
�����L=������� ¦�K `]`j����=�
����L�����������ªªK `]`j����=�
�����L=�������
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hours postoperatively attenuates the decrease in muscle 

synthesis that is associated with the surgical stress 

response. Althrough epidural anesthesia can attenuating 

the stress response to surgery, it is still far from a flawless 

and safe anesthesia mode, the main flaw of this mode 

is obviously cardiovascular change related to epidural 

high concentration and  large  bolus LA administration 

(eg.0.75% bupivacaine>10 ml), another defect is relatively 

high respiratory complications resulted from assisted 

intravenous anesthetics medication [20,21].

During combined general/epidural anesthesia (CGEA), 

the nociceptive input originating from the surgical site is 

blocked at the spinal level, moreover, combining general 

with epidural anesthesia,  especially when begun before 

the surgical incision, can usually reduces the intraoperative 

requirements for volatile agents, thereby potentially 

contributing to improved wound healing and resistance to 

postoperative complications[22,24]. We summarized CGEA in 

3858 primary liver cancer patient undergoing hepatectomy 

from 2004 to 2009 in our center  which compared with 

other 200 patient undergoing general anesthesia or epidural 

block, and suggested the merit and defect of general 

anesthesia combined with epidural block as described 

below:

A). Proven advantages of CGEA include early recovery 

from light general anesthesia and postoperative analgesia, 

we use lower than 1.0 MAC isoflurane or sevoflurane to 

maintain unconsciousness, and after extubation, CGEA 

patients can also maintain enough analgesia using patient 

control analgesia(PCA) through epidural Catheter. B). 

Epidural LA adminstration with 0.75% bupivacaine can last 

long time of analgesia and abdomenal muscle relaxation, 

doseage of muscle relaxants is far less than that in general 

anesthesia,together with postoperative good recovery and 

lower awaken complications. C). volatiled anesthetics 

(isoflurane or sevoflurane ,etc) have low  metabolic rate 

in vivo and liver toxicity, while intravenous anesthetics(eg. 

fentanyl, propofol, thiopental) are mainly eliminated by 

liver, the microsome cytochrome P450 3A4 isoenzyme will 

metabolism nearly 90% of  intravenous anesthetics. We [25] 

and others have recently found that the CYP3A4 activity 

decrease obviously in cirrhosis livers. In this study, we also 

find that in CGEA groups, operative need of intravenous 

anesthetics is far less than in GEN groups, so we can also 
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describe another advantages of CGEA, that is, can release 

the burden of cirhosis, and thereby decrease postoperative 

hepatic complications[26].

In summary, the present study demonstrated that 

combined general and epidural anesthesia(CGEA), with 

continuing postoperative analgesia(PCA) can maintain 

Stabilizing hemodynamic level and get earlier awakeness 

and extubation, together with likely decreases operative 

anesthetics medication, cardiac dysrhythmias, or ischemic 

events and postoperative complications. The side effects 

of the technique are related to the dose (hypotension) 

or site (bradycardia and respiratory distress) of the LA 

administration and to light general anesthesia, which can 

result in awareness during surgery[27]. In many settings, the 

use of CGEA is increasing because of the favorable recovery 

characteristics that facilitate early hospital discharge[28].



Laboratory and Clinical Investigation FAM 2011 Nov/Dec  Vol.18 Issue 6425Review and CME Lecture

Some Suggestions on Central Venous Catheterization
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Usually, it was not required whether central venous 

catheterization should be performed before or after general 

anesthesia 1. Based on my experience, it maybe not safe that 

central venous catheterization is performed after general 

anesthesia because of the possibility of injuring cervical 

plexus and brachial plexus nerve while patients’ withdrawal 

reflex against puncture needle disappear temporarily. On 

the contrary, a conscious patient can hold his breath and 

exhale at doctor’s order which can enlarge the internal 

jagular veins markedly.

Although ultrasound guidance has been shown to 

increase the success of first-time catheter placement and to 

decrease the risk of complications 2, patients’ cooperation 

is also needed. In some cases, the diameter of the internal 

jugular veins is changing markedly during the breath circle 

of mechanical ventilation. Video 1 shaw the changing of 

right internal jagular vein of a patient with thyroid cancer 

under general anesthesia with mechanical ventilation. 

During inhaling phase, the internal jagular vein was 

enlarged and kept filling, but restored in exhaling phase. 

And the Valsalva maneuver (a maneuver in which a person 

tries to exhale forcibly with a closed glottis so that no air 

exits through the mouth or nose) can make more venous 

blood fill the internal jugular veins.

In some malignant tumour patients in hypercoagulable 

states 3, it may be important to wash both inner and outer 

of the catheter, puncture needle and the guide wire in 

the kit with saline containing heparin (25u/ml) before 

catheterization in order to prevent blood coagulation clot 

from forming.

So central venous catheterization should be performed 

before general anesthesia. The Valsalva maneuver can 

enlarge the internal jagular veins. In order to prevent 

blood clot from occurring, it may be important to wash 

both inner and outer of the catheter, puncture needle and 

the guide wire in the kit with saline containing heparin 

(25u/ml) before catheterization in some patients in 

hypercoagulable states. All these measures can improve the 

achievement ratio of central venous catheterization and 

decrease the complications, for example, arterial puncture, 

and embolism.
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Ubiquitin Reduces Expression of Intercellular Adhesion Molecules 
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Ubiquitin is a peptide of 76 amino acids found in all 

eukocytes. Because of its participation in one selective 

protein degeneration pathway, the intracellular and 

extracellular role of ubiquitin has been the subject of 

laboratory investigations for decades. Recent studies have 

demonstrated that extracellular ubiquitin may modulate 

inflammatory response [1]. Furthermore, exogenous 

ubiquitin also exerts both anti-inflammatory effect 

by inhibiting septic or non-septic inflammation and 

immunodepression by inhibiting immune responses as well 

as prolonging survival of grafts [1-3].

Exper iments w i th sw ine mode l s o f  s ep t i c or 

hemorrhagic shock demonstrate that exogenous ubiquitin 

significantly decrease the fluid requirement for volume 

resuscitation, and improve ventilation and oxygenation 
[1]. In our preliminary study in septic mice model induced 

by cecal ligation and perforation (CLP), exogenous 

ubiquitin prevents sepsis-induced acute lung injury 

(ALI), by inhibiting formation of pulmonary edema and 

inflammatory infiltrates [2].

Intercellular adhesion molecule-1 (ICAM-1) and 

vascular cell adhesion molecule-1 (VCAM-1) are two 

important cytokines in inflammatory response, which 

may induce rolling and adhesion of both leukocytes and 

lymphocytes, while modulating vascular permeability at 

the same time. These adhesion molecules usually serve 

as surrogate markers of activation and injury of vascular 

endothelial cells. However, it remains to be elucidated 

whether exogenous ubiquitin exerts any effect on the 

adhesion molecules in sepsis-induced ALI.

The objective of our study is to demonstrate the 

effect of exogenous ubiquitin on pulmonary cell adhesion 
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molecules in mice model of CLP-induced ALI. Moreover, 

pulmonary and serum levels of tumor necrosis factor–  

(TNF- ) are measured, due to the fact that TNF-  is a 

key factor to induce the expression and production of the 

above cell adhesion molecules [4,5]. Potential dose-effect 

relationship of ubiquitin is also investigated.

 

Materials and Methods 
Animal Protocol
All procedures were performed in accordance with 

the National Institutes of Health Guidelines for Use of 

Laboratory Animals and approved by the Institutional 

Ethics Committee.

Sixty male Kunming mice, weighing 18 to 23 g, were 

allocated randomly into 5 groups (n = 12 in each group). In 

CLP group, mice were subjected to CLP (14-gauge needle) 

as previously described[2]. A sham operation (laparotomy 

and cecal exposure without any more manipulation) was 

performed in SHAM group as negative control.

Six hours after CLP in three intervention groups, mice 

received a normal saline solution containing ubiquitin 

(LSA14199, Bioworld, USA) at the dose of 10 mg/kg body 

weight (UB1 group), 5 mg/kg body weight (UB2 group), 

and 1 mg/kg body weight (UB3 group), respectively, 

through caudal vein, while mice in CLP and SHAM groups 

received vehicle injection of the same volume.

Seven hours after the operation, a midline incision 

from the pubis to the neck was performed to gain access 

to the heart-lung block. A blood sample was drawn from 

the left ventricle for determination of serum level of TNF-

. Subsequently, the mice were sacrificed by exsanguination. 

The heart-lung block was rapidly excised, and the 

pulmonary circulation was flushed via the right ventricle 

with 20 ml of normal saline. The serum and separated lung 

specimens were stored at -80C until further analysis. 

Preparation of Lung Homogenates

Immediately before analysis, tissues were homogenized 

1:5 by volume in ice-cold 10 mmol/L Tris/HCl pH 7.4, 100 

mmol/L NaCl, 1 mmol/L ethylenediaminetetraacetic acid, 

1 mmol/L NaF, 0.1% sodium dodecyl sulphate, 1% trition, 

10% glycerol, 0.5% deoxycholate, 1 mmol/L dithiothreitol, 

NaVO4, NaPO3, 0.2 mg/mL phenylmethylsulphonyl 

fluoride, and aprotinin using a Brinkmann-Polytron 

homogenizer (Best-Lab-Deals, Raleigh, NC). Homogenates 

were centrifuged (20,000 g, 5°C, 30 mins), and supernatants 

(or homogenates) were aliquoted.

Cytokine Assays
The concentrations of ICAM-1, VCAM-1, and TNF- in 

lung homogenates and TNF-  in serum were measured by 

ELISA (EK0538, EK0371, EK0527, Boster, China).

Statistical Analysis
All data are presented as mean ± standard deviation 

(SD).  Data were compared by one-way analysis of variance 

with either LSD test or Tamhane’s test ( = 0.05). Correlation 

between cell adhesion molecules and TNF-  was analyzed 

with Pearson correlation efficient. A p value of < 0.05 was 

considered to be statistically significant.

Results
Compared with SHAM group, serum TNF-  level 

significantly increased in CLP group (6803 ± 1375 pg/ml 

vs. 5596 ± 1257 pg/ml, p = 0.012), while ICAM-1, VCAM-

1, and TNF-  levels in lung homogenates did not differ 

significantly (table 1).

Ubiquitin treatment at 6 hours after CLP procedure 

significantly decreased VCAM-1 level in lung homogenates, 

when compared with those of SHAM group and CLP 

group. Moreover, VCAM-1 level was lower in UB3 group 

than UB1 group (p = 0.031). ICAM-1 levels in lung 

homogenates demonstrated a similar profile, although 

statistically insignificant (table 1).

Treatment of ubiquitin also decreased TNF-  level 

Table 1.Effect of CLP and ubiquitin treatment on ��@�
� �&�	��
����	�� @
�|
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��!��(=+���
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in lung homogenates, while the difference only reached 

statistical significance with higher doses of ubiquitin, ie. 5 

and 10 mg/kg body weight (table 1). In contrast, ubiquitin 

did not exert any effect on the CLP-induced increase in 

serum TNF-  level.

Correlation between pulmonar y cel l adhesion 

molecules and TNF-  was shown in table 2.

Discussion
I C A M - 1 a n d VC A M - 1 a r e t w o m e m b e r s o f 

immunoglobin supergene family. Normally, ICAM-1 is only 

expressed at a low level in endothelial cells and epithelial 

cells, or constitutively on the surface of alveolar cells [4]; 

while VCAM-1 is constitutively expressed on a number of 

cell types other than vascular cells, such as chondrocytes 

and tissue macrophages, and is not appreciably expressed 

on resting vascular endothelium [5]. High-level expression 

of ICAM-1 and VCAM-1 could be induced by TNF- , 

IL-1 and IL-6, which probably is due to activation of the 

transcription factors such as nuclear factor kappa B (NF-

kappaB) [4,5]. Unlike VCAM-1, expression of ICAM-1 is also 

increased on bronchial and alveolar epithelial cells under 

such circumstances [6, 7].

In our study, ICAM-1 and VCAM-1 level in murine 

lung homogenates significantly increased at seven hours 

after CLP, which was inhibited by intravenous ubiquitin, to 

a level similar to or even lower than that of SHAM group. 

This suggests that exogenous ubiquitin could prevent 

ALI secondary to not only sepsis but also other non-

septic etiologies, including surgery and trauma. Moreover, 

ubiquitin exerts dose-dependent inhibition of ICAM-1 and 

VCAM-1, with the most significant inhibition at the dose of 

1 mg/kg. This probably indicates that ubiquitin at the dose 

higher than 1 mg/kg might provide no further benefits.

TNF- , produced mainly by mononuclear cells 

in vivo, is the core of interactive regulation of cytokine 

network. TNF-  regulates the release and activation of 

different cytokines within inflammatory cascade. In our 

study, ubiquitin inhibited the sepsis-induced production 

of TNF-  in lung homogenates, which might in turn lead 

to decreased pulmonary ICAM-1 and VCAM-1 levels. The 

possible mechanism is that exogenous ubiquitin, when 

transferred into cells, may inhibit the activation of NF-

kappa B which reduces subsequent production of ICAM-

1, VCAM-1 and TNF- . Similar to ICAM-1 and VCAM-

1, pulmonary TNF-  level is also affected by ubiquitin. 

However, unlike ICAM-1 or VCAM-1, the production of 

TNF-  is more significantly inhibited with higher dose 

of ubiquitin. The non-parallel changes of TNF- , ICAM-

1 and VCAM-1 in lung homogenates suggest that TNF-

is not the major modulator of expression of cell adhesion 

molecules.

Similar to the study by Majetschak and his colleagues 

in lethal sepsis model of swine [8], we found that exogenous 

ubiquitin did not affect serum TNF-  level significantly. 

It seems that ubiquitin does not show any inhibition of 

TNF-  overproduction in sepsis, therefore its effect can 

not be predicted by serum TNF-  level.

Overwhelming systemic inflammatory response 

in sepsis leads to t i ssue and organ damages . ALI, 

characterized by pulmonary edema and parenchymal 

infiltrates, represents pulmonary manifestation of the 

above inflammatory response [9]. Therefore, functional 

changes of endothelial cells in sepsis and ALI are extensively 

investigated. Although pulmonary endothelial cell is only 

one source of ICAM-1 production, our results suggest 

that exogenous ubiquitin play a protective role in sepsis-

induced ALI, which might be supported if function of 

endothelial cells is tested with in-situ technology, or with 

circulating endothelial cells. At last, we believe that further 

investigation on dose-effect relationship is needed since we 

only observe a significant difference of pulmonary VCAM-

1 levels between ubiquitin 1 mg/kg and 10 mg/kg group.
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Acetylcholine in Cardiac Ganglia in Rats

Objective: The aim of the study was to investigation a possibility of participation of cardiac ganglion cells in the pathology of acute myocardial ischemia. 
Methods: Sixteen adult male Sprague-Dawley rats, weighing 250- 300 g, were randomly divided into tow groups, a sham group (n = 8) and a coronary 

artery occlusion (CAO) group. The left anterior descending branch of coronary artery was occluded to establish the acute myocardial ischemia model. The 
animals in the sham surgery group experienced the same procedure except for the ligation of the coronary artery X��	�����
����K����	�������� 	�������	�
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Results: The cardiac ganglia were mainly located in the fat tissues of atrium and around the great vessels and occasionally seen among ventricular 
myocardium. The ganglion cells expressing both SP and Ach accounted for 65% of the ganglion cells examined in the study in the sham surgery group, while 
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sham group (P < 0.05). Satellite cells only expressing SP were observed in the animals of sham surgery group, while the satellite cells were seen mostly co-
expressing SP and Ach in the ischemic animals. The SP encoding mRNA was located in the ganglion cells and the satellite cells. 

Conclusion: Acute myocardial ischemia induced by coronary artery occlusion increases the co-expressing cells for SP and Ach in cardiac ganglia. The 
cardiac ganglia may participate in the pathology of acute myocardial ischemia by synthesis and release of substance P and acetylcholine.. 

Key Words: myocardial ischemia; SP; Ach; co-expressing
Corresponding Author: Zheng Guo, E-mail:guozheng713@yahoo.com
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It has been know that POCD (postoperative cognitive dysfunction) often occur in elderly patients, but the pathogenic mechanisms remain unknown. 
Inflammation response of central nervous system(CNS) may be one of the mechanisms, which relate with many factors, such as neurodegenerative 
disease surgical stress cytokine release ����������������
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Effects of Coronary Artery Occlusion on the Expressions of Acetylcholine and 
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Objective: The aim of the study was to investigate the expressions of acetylcholine (Ach) and Nociceptin/Orphanin FQ (OFQ) in cardiac ganglia and 
myocardium and the changes of compounds at early time of acute myocardial ischemia with a rodent experimental model.

Method: Twenty-eight adult male Sprague-Dawley rats, weighing 250~300g, were randomly divided into sham operation group (Sham) and coronary 
artery occlusion group (CAO), 14 rats in each group. The left anterior descending branch of coronary artery was occluded under anesthesia by ligation of the 
artery to establish the acute myocardial ischemia model. The animals in sham group experienced the same procedure, except ligation of the coronary artery. 
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expressions of the compounds in the heart. 

Result: The cardiac ganglia were located mainly in the fat pad around the large blood vessels and among the myocardium of the atria and the ventricles. 
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the ganglion neurons. One hundred-ninety three ganglion cells in 15 ganglia of the rats in sham group and 240 cells in 15 ganglia of the CAO animals were 
evaluated. It was found CAO caused increases in the OFQ expressing cells, by 4.3%, Ach expressing cells, by 19.2% and the co-expression neurons of OFQ 
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ventricles.

Conclusion: Some of the cardiac ganglion neurons co-express Ach and OFQ. The expressions of Ach and OFQ were also observed in the myocardium 
of atria and the ventricles. Coronary artery occlusion caused reduction of Ach but up-regulation of OFQ in the ganglion cells and the myocardium of the hearts. 
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Research Progress Of Cardiac Protections Of Remifentanil
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function. A potential protective cardiac preconditioning effect has been suggested. Drug-related adverse effects seem to be comparable with other opioids. 
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intraoperative stimulation,but also rapid postoperative recovery, early weaning from mechanical ventilation,and fast extubation. 
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Clinical Study of Cisatracurium in Patients Undergoing Renal Dysfunction

The overview aimed at evaluating cisatracurium which is an ideal non-depolarizing neuromuscular blocking agent (NABA) from its physical and chemical 
������	���V��	�����
���	����V�������H
�
�������)�	���� ������	���	���	�� ������������
	���'�*���	��
���������� 	���������H
���V�����
������ ������	���	����	��
������������
	���V�����	������������������	�X������������	����������������	�����	�����	������������'

Key Words: cis-atracurium; muscle relaxant;renal dysfunction;general anaesthesia  
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The Research Progress  of Distribution and Regulation for   Acid sensitive ion 
channels

ASICs
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Researches Of Clinical Transfusion Therapy

Today with the increasing consumption of blood in clinic and shortage of blood,risk factors and adverse reactions of transfusion have been paid great 
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evidence-based transfusion in clinical practice,we summarize a medical review for advances in clinical transfusion therapy. 
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The Bispectral Index (BIS) is a derived electroencephalographic parameter that has been extensively validated as a monitor for depth of anesthesia.  
Recently, many clinic researches demonstrated BIS-controlled closed-target control infusion anesthesia was better than manual-controlled.  Furthermore, BIS 
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patients’ recover after surgery.. 
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Monitoring in Patients with Shock of the Fluid Resuscitation
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of Severe Hand, Foot and Mouth Disease

Objective: To explore the impact of intensive monitoring and treatment technology on the pathogenetic condition and prognosis of  severe hand-foot-
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Methods������
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maximum body temperature, erythra, severe manifestations and complications.3.the time and complications mechanical ventilation.4. auxiliary examination 
referred to white blood cell, blood glucose, blood lactic acid, cardiac enzymes, liver enzymes, chest X-ray and etiological examination.Use intensive 
monitoring and treatment technology on the children.

Results: 83.7% of children were under 3 years. All children had fever and exanthem in mouth, hand, foot, or haunch. Neurological complications were 
worse for mental performance, hyperarousal and limb shaking, lethargy. Respiratory complications showed shortness of breath, shallow slow, irregular 
rhythm; circulatory system complications manifested as increased heart rate, decreased heart rate hyperpiesia hypopiesia , piebald skin, low limb skin 
temperature. Auxiliary examination: WBC, AST, ALT, CK-MB and blood glucose, blood lactic acid increased in some cases , throat swab EV71-PCR positive 
rate was 36.6%, rectal swab EV71-PCR positive rate was 41.9%.Chest X-ray showed lung markings thickening, effusion, or no obvious abnormality. In 492 
critical illness cases, 147 cases was mechanical ventilational, 489 cases was cured, and 3 died. The mortality rate 0.61%. No one had mechanical ventilation 
complications and neurological sequelae.  
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mortality and complications as well as avoid the complications of the nervous system. 
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Objective: To investigate the alteration of Th17 and its associated cytokines IL-17 and IL-6 in patients with sepsis, and their impact on immune function.
Method����K	��	�����	���	�����		���	���*Y�������������	������������	��"�)�����Z[~[V!����������
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cytometric analysis.Th17 related plasma cytokines(including IL-17 and IL-6)concentrations were measured by enzyme linked immuno-sorbent assay. Thirty 
healthy individuals that come from the center for examination of our hospital served as controls. 

Result: The frequencies of Th17 in peripheral blood was significant higher than normal control[ 6.94±1.95 %vs 1.91±0.32 % P<0.01].Th17 
related cytokines IL-17and IL-6 markedly increased in patients with sepsis compared with normal control [ 56.52±16.06 pg/ml vs 19.59±1.98 pg/ml

220.68±86.41 pg/ml vs 24.39±0.87 pg/ml]. Plasma concentration of IL-17 was positively correlated with concentration of IL-6(r=0.886,P<0.01).A 
�����H
��	�
������	����������������	�����!�~}������%�~} IL-6 r1=0.846 r2=0.891 both P<0.01 .

Conclusion: The frequencies of Th17 increased in patients with sepsis, and its related cytokines IL-17 and IL-6 were also increased, which may suggest 
a potential role for Th17 in patients of sepsis.

Key Words: Sepsis; T helper 17 cells; IL-17; IL-6  
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