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Melatonin Attenuates Morphine Induced Glial Activation and 
Hyperalgesia in Rats: Involvement of Protein Kinase C Pathway
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is believed to cause and maintain pain hypersensitivity state caused by morphine. Melatonin has interactions with opioids such as enhancement of 
analgesic effect of morphine and reversal tolerance to morphine, melatonin can also reduce brain glial reactivity in toxicity and chemical insults, but the 
effect of melatonin on morphine induced hyperalgesia and spinal glial reactivity in unknown. 

Aims: The present study aims to explore the utility of melatonin in preventing morphine induced hyperalgesia after drug withdrawal using hot water 
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primary cultured spinal astrocytes. This study also measured the protein kinase C (PKC) activity and cAMP levels to investigate the mechanism of these 
effect of melatonin.

Results: (a) When co-administered with morphine, intragastric (i.g.) melatonin 50,100mg/kg) can prevent hyperalgesia after termination of morphine 
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vs saline group). (b) Chronic administration with morphine in rats caused glial activation in dorsal horn of spinal cord using immunohistochemistry and 
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spinal astrocytes (P<0.05). (c) By measuring protein kinase C (PKC) activity and cAMP levels both in spinal cord and cultured astrocytes, melatonin 
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in spinal cord and 62.1±11.6, 35.8±14.0 and 9.0±2.2 pmol/min.mg vs 151.8±24.7 pmol/min.mg ), the alterations of cAMP were not parallelled with the 
inhibition of PKC activity and GFAP output after melatonin treatment, suggests that enhancement of GFAP expression caused by morphine and reversal 
effect of melatonin may through PKC pathway.

Conclusions: This study demonstrated that melatonin can prevent morphine induced hyperalgesia and glial reactivity both in vivo and vitro. This 
effect of melatonin may be mediated by inhibiting PKC activity.
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Introduction
Opioids are most commonly used analgesics in pain 

treatment. Preclinical and clinical evidence have suggested 

that opioids can not only produce antinociceptive effect, 

but also increase sensitivity to noxious stimulation. The 

concept of pain sensitization after chronic administration of 

opioids is referred to as opioid-induced hyperalgesia (OIH)
[1]. OIH is a less recognized side effect in opioid therapy. 

Opioid induced tolerance and OIH are conditions that 

negatively affect pain management [2]. The major clinical 

manifestation of opioid-induced tolerance and OIH is same, 

that is, increasing opioid dose seems necessary to reach an 

adequate level of analgesia. Moreover, there are overlaps 

in the mechanisms of morphine induced tolerance and 

OIH. Underlying mechanisms involve Gs-protein mediated 

up-regulation of adenylate cyclase activity resulting in 

increased intracellular cyclic adenosine monophosphate 

(cAMP) level, enhanced release of excitatory amino acid 
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(EAA), activation of intracellular messenger phosphokinase 

C(PKC) and NMDA receptor[3,4]. 

Glial cells are recognized as performing important role 

in various physiological and pathological processes. Glial 

activation has been observed in many pathological states 

including Alzheimer's and Parkinson's diseases[5] as well 

as several persistent pain syndromes[6,7]. A major recently 

recognized role of astrocytes is that they are key players in 

pain facilitation and can compromise the efficacy of opioids 

for pain control[6]. The involvement of spinal astrocytes 

in the modulation of morphine induced tolerance and 

hyperalgesia has been demonstrated in both preclinical[8,9] 

and clinical[10] studies. Glial fibrillary acidic protein (GFAP) 

is a cytoskeletal intermediate filament protein, is known to 

present exclusively in astrocytes, the activated astrocytes 

are well known for high level of GFAP expression[11]. Spinal 

glial cell activation and high level of GFAP expression have 

been linked to the development of opioid tolerance[12], 

suggested that spinal glia may play an important role in 

mechanisms responsible for opioid tolerance. Protein kinase 

C(PKC) is an integral part of the cell signaling machinery. 

Sustained activation of PKC is implicated in the increased 

level of reactive astrocytes in dorsal horn of the spinal cord 

followed by repeated morphine administration[13].

Melatonin (N-acetyl-5-methoxytryptamine), a 

neurohormone synthesized and produced by the pineal 

gland, has been demonstrated to participate a wide range 

of physiologic or pathologic processes[14]. Besides its well 

described effect of regulation of circadian and seasonal 

rhythm, melatonin has been reported to be involved in 

some neuropsychopharmacological actions, such as the 

hypnotic, anticonvulsant and antinociceptive activity[15]. 

The interaction between melatonin and opioids has been 

reported, melatonin can not only augment the analgesic 

effect of opioids[16,17] , but also reverse morphine induced 

tolerance and dependence[18,19]. Furthermore, melatonin can 

also protect brain from toxicity of many environmental and 

chemical insults[20,21,22] by inhibiting free radical generation 

and reducing glial reactivity[23,24]. 

The present study aims to explore the utility of 

melatonin in preventing morphine induced hyperalgesia 

after drug withdrawal using hot water tail-flick test and 

assess the role of melatonin on glial activation after chronic 

morphine delivery in vitro and vivo in rats. 

Materials and Methods 
Animals
Male Sprague Dawley rats weighing 200–250 g (from 

Central Animal Facility, Anhui Medical university, China) at 

the time of testing, were housed six per cage at a controlled 

temperature (22±1 ), humidity (50±10%) and 12h light/

dark cycle in a room. Food and water were made available 

ad libitum. The protocol had been approved by the Ethic 

Committee of Institute of Clinical Pharmacology, Anhui 

Medical University.

Drugs
Melatonin was purchased from Sigma (St Louis, MO, 

USA). It stocks of 100mg/ml in 100% ethanol, prepared 

fresh on the days of experiment and diluted with 0.9% 

NaCl or DMEM to the appropriate concentration. The 

concentration of ethanol was adjusted to 5% ethanol saline 

(v/v) before use. Morphine hydrochloride was purchased 

from THE FIRST SHEN-Yang Pharmaceuticals Inc. (SHEN-

Yang, CHINA). 

�������	
��������������
The hot-water tail-flick test was performed by placing 

the distal third of the tail in a water bath maintained at 

50°C and was measured during 10:00-12:00pm. The latency 

until tail withdrawal from the bath was determined and 

compared among the treatments. A 15 sec cutoff was used 

to avoid tissue damage. The antinociceptive effect in the 

above test is calculated as percentage change of tail flick 

latency from baseline level according to the formula: 

% M.P.E. = (post-drug latency-baseline) ÷ (cut-off latency - 

baseline) × 100.

Experimental design
To assess the antinociceptive effect of melatonin, 40 SD 

rats were treated with melatonin (25, 50,100mg/kg) intra 

gastricly (i.g.) by gavage needle.Tail-flick test was measured 

every 20 min after drug injection.

Tolerance to morphine were induced in rats by 

repeated injection of morphine hydrochloride 10 mg/kg 

subcutaneously (s.c.) twice daily at 8:00am and 6:00pm for 

7 days as described previously[25]. To investigate the effect 

of melatonin on tolerance and OIH induced by morphine, 

animals were treated with melatonin (25, 50,100mg/kg) 

by i.g route at 5:00pm for 7 days. 40 rats, 10 in each, were 

separated into following groups: i) morphine alone, ii) 

morphine and melatonin (25, 50,100mg/kg), iii) melatonin 
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(25, 50,100mg/kg) and iv)saline alone (control group). This 

exposure paradigm was chosen to more closely mimic the 

natural high level of melatonin throughout the 24 hr cycle 

as described [26]. Tail-flick test was performed  

cAMP and PKC activity assays  
C y l i c  A M P w a s  a s s a y e d  u s i n g  a  s t a n d a r d 

radioimmunoassay[27]. To calculate PKC activities, spinal 

cords and cell samples were collected according to the 

manufacturer’s instruction using the SignaTECT™ Protein 

Kinase C (PKC) Assay System (Promega, Madison, WI). 

Primary astrocytes culture and treatments
Astrocytes primary cultures were prepared from 1- to 

2-day-old Sprague Dawley rats, decapitated, and the cells 

obtained as described previously[28,29]. In brief, the removed 

spinal cords were mechanically dissociated, centrifuged, 

and washed. The cells were seeded in Dulbecco's modified 

Eagle's /F12 medium (DMEM/F12) containing 20% 

fetal calf serum, 1mM L-glutamine, and antibiotics, 

and incubated at 37  in a humidified 5% CO2/95% 

atmosphere. After 7-14 days, when growing to confluence 

the cells were shaken for at least 12 h on an orbital shaker 

to remove the microglia and then seeded on multiwell 

tissue culture dishes. At 60% confluence, the cells were 

incubated with serum-free DMEM/F12 for 24 h prior to 

incubation with chemicals. Media was then removed, and 

the cells were re-fed with F12 media containing vehicle 

(normal saline), morphine (10-5~10-8mol/L, SHEN-Yang, 

China), melatonin (10-4~10-7mol/L, Sigma, St. Louis, 

MO) or combinations of each. The cells were incubated 

for 4 days at 37°C in 5% CO2 atmosphere. At mid of this 

exposure period, the media was removed and cells were re-

fed containing above mentioned drugs. 

Western blot analysis
Tissue samples were homogenized and cells were 

harvested and homogenized on ice using RIPA lysis buffer 

(Beyotime, China) containing 50mM Tris (pH 7.4), 

150mM NaCl, 1% Triton X-100, 1% sodium deoxycholate, 

0.1% SDS and protein inhibitors and centrifuged at 40,000g 

for 60 min at 4°C; supernatants were collected, aliquoted 

and stored at -70°C until used. Protein concentration 

was determined as Lowry method using BSA as standard. 

Twenty micrograms of total proteins were loaded onto 10% 

SDS-PAGE and transferred to a nitrocellulose membrane. 

The protein was identified by incubating the membrane 
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� 
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administration of melatonin on antinociceptive responses 
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the dose of 100mg/kg, the onset time was about 20 min after 
drug administration and lasted more than 120 min, and with 
the dose of 50mg/kg, the onset time was about 40 min and 
lasted for about 80 min. Chronic treatment with melatonin 
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vs saline group.

TABEL 1.The effect of acute administration of melatonin on 
thermal nociceptive thresholds in SD rats using hot-water tail 
_��/��
�1

20min 40min 60min 60min 100min 120min
saline -6.5±1.4 -1.1±4.2 -5.6±4.1 -5.6±4.1 3.6±2.0 -3.1±5.4
MT25 4.3±3.5 2.7±6.3 3.5±3.7 3.5±3.7 8.8±3.6 6.5±2.6
MT50 1.4±5.6 19.2±8.3# 14.2±6.3 14.2±6.3 13.9±7.4 15.1±5.0
MT100 48.1±8.2* 27.5±7.5# 23.0±5.7# 23.0±5.7# 31.3±7.1* 26.9±6.8#

* P<0.01, #P<0.05 vs basline group. % MPE= (post-drug latency - baseline) 
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5:00pm daily.

time
%MPE
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with rabbit anti-GFAP antibody (1:1000, Biotech, China) , 

and mouse anti-actin antibody (1:3000, ZSGB-Bio, China) 

respectively overnight at 4°C, followed by HRP-conjugated 

secondary antibodies and ECL solution (NEN Life Science, 

Boston, MA). For the quantification of the Western blot 

data, the developed films were scanned, the immunoreactive 

bands were digitized, and the densitometry was performed 

using Image J. 

Statistical analysis
All results are expressed as mean±S.E.M. The data 

from % M.P.E. and cAMP, PKC levels were determined 

by one-way analysis of variance (ANOVA), if a significant 

F-value was obtained, post hoc analysis (Tukey-Kramer’s 

multiple comparison tests) were performed to determine 

the effects of various treatments. Differences with P<0.05 

between experimental groups at each point were considered 

statistically significant. The values of GFAP protein subunits 

and -actin band density were obtained from band 

densitometry. These values were expressed as GFAP protein 

subunit/ -actin ratio for each sample. Calculations were 

performed using SPSS statistical package(version 13.0). P < 

0.05 was considered significant.

Results
Effect of antinociceptive effect of melatonin. 
The acute and chronic effects of melatonin on tail 

flick latencies depicted in Figure 1A and Figure 1B. 

Intragastric melatonin administration (50,100mg/kg) 

produced a significantly increase in thermal thresholds, 

which started about 20 min after drug administration and 

lasted more than 120 min(Table 1, Fig.1A). But there were 

no statistically significances between groups receiving 

chronic melatonin (25, 50, 100mg/kg i.g. 5:00pm daily for 7 

days) and saline group in thermal tail flick latencies(10:00-

12:00pm)(Fig. 1B).

Effect of chronic administration of melatonin alone or 

combined with morphine on morphine induced tolerance 

and hyperalgesia. 

The effects of melatonin on thermal nociceptive 

thresholds in rats receiving chronic morphine, depicted 

in Figure 2 and Table 2. Rats received morphine (10mg/kg 

twice daily for 7 days) showed a maximal antinociceptive 

response on day 1th to 3th of treatment (P<0.01). However, 

the animals developed decreased in antinociceptive response 

on the 4th day and almost reached the baseline latency by 

day 7th of testing. In the 1th and 2th day after morphine 

Figure 2: The effects of melatonin on thermal nociceptive 
thresholds in Sprague Dawley rats receiving chronic 
morphine using hot-water tail flick test. Rats receiving 
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tolerance to morphine after the 4th day and almost reached 
the baseline latency by day 7th. In the 1th and 2th day after 
morphine withdrawal, rats became hypersensitive to thermal 
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morphine attenuated the development of tolerance and 
prevent hyperalgesia induced by morphine (MT50: %MPE 
-24.9%±7.0% and 4.6%±3.4% at +1 and +2 day respectively, 
P>0.05; MT100: %MPE 22.7%±3.3% and 15.4%±2.6% at +1 
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TABEL 2.The effects of melatonin on thermal nociceptive 
thresholds in SD rats receiving chronic morphine using hot-
2��
�������_��/��
�1

*P<0.01, # P<0.05 vs baseline group. % MPE= (post-drug latency - baseline) 
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100mg/kg, i.g. 5:00pm daily along with morphine.

1 3 5 7 +1 +2
saline -6.5±2.7 -2.1±7.0 4.1±5.3 -3.1±5.2 -5.5±5.6 -5.4±3.2
Mor 98.3±4.5* 53.6±10.0* 31.2±4.0# 14.0±5.9 -37.4±5.6# -32.0±4.2#

MT25 98.5±3.5* 50.6±6.0* 54.4±5.2# 20.0±4.9 -44.0±4.8# -35.5±3.5#

MT50 100±0* 85.4±5.1* 73.7±3.9* 40.3±6.0# -24.9±7.0 4.6±3.4
MT100 100±0* 96.3±7.2* 90.9±5.0* 76.5±4.6* 22.7±3.3 15.4±2.6

day
%MPE
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withdrawal, rats became even sensitive to thermal stimuli 

(P<0.05). Chronic treatment with melatonin (50, 100mg/

kg, i.g. 5:00pm daily) along with morphine attenuated the 

development of tolerance and prevent hyperalgesia induced 

by morphine, while chronic treatment with melatonin 

alone (25, 50,100mg/kg) have no effect on baseline thermal 

nociceptive thresholds(Fig.1B).

Inhibition effect of chronic treatment of melatonin 

on spinal astrocytes activated by morphine in vitro and in 

vivo. 

A common marker for glial reactivity is the well 

described increase in GFAP. The effects of morphine 

treatment (10mg/kg twice daily for 7 days) on spinal 

astrocytes were assessed by immunohistochemistry of 

GFAP. Lumbar spinal cord segments from rats treated, 

or not, with morphine and/or the melatonin(25,50, 

100mg/kg, i.g.), were processed for GFAP. Hypertrophic 

and proliferated astrocytes with enlarged cell body and 

number of GFAP-immunoreative cells in morphine treated 

group compared with saline group. Chronic melatonin 

administration (50, 100mg/kg, i.g.) reduced the number 

of GFAP-immunoreative astrocytes.(P<0.05 vs morphine 

group, Figure 3). 

Figure 3: Effect of melatonin and morphine on GFAP expression with immunohistochemistry of dosal horn of lumbar spinal 
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daily at 5:00pm and morphine s.c 10mg/kg twice daily for 7 consecutive days. D: Melatonin 50mg/kg i.g. daily at 5:00pm and 
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Figure 4: A: Long-term morphine treatment (10mg/kg s.c. 
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Saline1: The 7th day in saline group; Saline 2: 1th day after 
stopped saline treatment; Mor1: The 7th day in morphine 
group; Mor2: 1th day after termination of morphine; Mor3: 
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Western blot measurement of lumbar spinal cord GFAP 

levels after 7 days of morphine treatment showed significant 

increases compared with those in saline (Figure. 4A). The 

concurrent administration of melatonin attenuated the 

upregulation of GFAP in morphine treatment rats (Figure. 

4B).

Several concentrations of melatonin were assayed to 

study its ability in GFAP expression in cultured primary 

spinal astrocytes. Only high concentration of  melatonin 

(10-4mol/L for 4 days) statistically increased the GFAP 

expression in cultured spinal cord astrocytes.(Figure. 

5A) Morphine(10-7~10-6mol/L for 4 days) significantly 

increased GFAP in spinal cord astrocytes.(Fig. 5B.) From 

the concentrations assayed, 10-4~10-7mol/L melatonin 

reduced over-expression of GFAP caused by morphine in 

cultured spinal astrocytes (Fig. 5C).

Effect of melatonin and morphine on PKC activity in 

spinal cords or cultured spinal astrocytes (Table3, Table4, 

Figure. 6). 

Long-term morphine treatment (10mg/kg twice daily 

for 7 consecutive days) showed significantly enhanced 

(P<0.01) PKC activity in the lumbar spinal cord in rats 

while co-administrated with melatonin (25, 50, 100mg/kg) 

decreased (P<0.01) the over-expression of GFAP induced 

by morphine (Fig. 6A). In cultured spinal astrocytes, 

melatonin(10-6-10-4mol/L for 4 days) significantly (P<0.01) 

decreased PKC activity induced by morphine(10-6mol/L) 

in cultured spinal cord astrocytes (Fig. 6B).

E f f e c t o f  m o r ph i n e a n d m e l a to n i n o n c A M P 

concentration in spinal cords and cultured spinal astrocytes 

(Table 3, Table 4, Figure. 7). 

Long-term morphine treatment (10mg/kg s.c. twice 
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TABEL 3.Vivo effect of morphine and melatonin on cAMP 
concentration and PKC activity  in spinal cords.

TABEL 4.Vitro effect of morphine and melatonin on cAMP 
concentrationand PKC activity  in cultured astrocytes.
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group
(n=3)

PKC cAMP
pmol/min.mg pmol/g

NS 29±12 135±37
Mor 1273±265* 198±17*

MT25 545±107*# 184±8
MT50 185±31*# 177±14**

MT100 89±12# 156±18

group
(n=3)

PKC cAMP
pmol/min.mg pmol/g

NS 10±3 1.12±0.18
���j`>}V�	�Y 144±36* 1.72±0.06**

���j`>}V�	�Y¥��j`>�V�	�Y 151±25* 1.65±0.15**

���j`>}V�	�Y¥��j`>}V�	�Y 62±12*# 1.23±0.05
���j`>}V�	�Y¥��j`>�V�	�Y 35±14# 1.28±0.34
���j`>}V�	�Y¥��j`>�V�	�Y 9±2# 1.20±0.46
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daily for 7 consecutive days) in rats showed significantly 

increased cAMP level in the lumbar spinal cord (P<0.01) 

compared with control group. When Co-administrated 

with melatonin (100mg/kg i.g. daily at 5:00pm), the cAMP 

level significantly decreased (P<0.05) compared with 

that of morphine alone (Fig. 7A). Melatonin (10-4mol/

L for 4 days) significantly decreased (P<0.05) cAMP level 

induced by morphine(10-6mol/L) in cultured spinal cord 

astrocytes(Fig. 7B).

Discussion
Chronic morphine treatment not only cause tolerance 

and withdrawal-induced hyperalgesia, but also led to glial 

activation in the spinal cord of rats[9]. The main findings 

of this study show that melatonin, by co-administrating 

with morphine, decreased the development of morphine 

tolerance, prevented the OIH, and reversed spinal 

glial reactivity. This enhanced glial activity induced by 

morphine, was also reversed by melatonin in primary 

cultured spinal astrocytes using vitro study.

Morphine is well known to coupled toμopioid receptor, 

activate G i protein, inhibit AC activity and reduce 

cAMP levels. When G protein activated, the effect is also 

accomplished by the dissociation of its subunit G i and 

G  dimer. Long-term morphine exposure can cause 

up-regulation of AC activity by increasing concentration 

of G , resulting in high level of cAMP [30,31]. Increased 

cAMP level may stimulate the release of excitatory 

Figure 6: Vivo and vitro effect of morphine and melatonin on 
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Figure 7: Vivo and vitro effect of morphine and melatonin 
on cAMP concentration in spinal cords and cultured spinal 
astrocytes. A: Long-term morphine treatment (10mg/kg 
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neurotransmitters via presynaptic activation at a spinal 

level[32], thus cause central sensitization. Furthermore, 

G  activities at least two phospholipase C (PLC) 

subtypes, PLC 2 and PLC 3, Activated PLC stimulates 

the production of diacylglycerol and IP3[33], which in turn 

leading to Ca2+ influx from the extracellular environment, 

thus enhancing membrane translocation of PKC[34]. PKC 

have a crucial role in the crosstalk between Gi-AC-cAMP 

pathway and other cellular process such as excitatory amino 

acids (EAA)-NMDA and glial hyper-reactivity[35].

The neuroprotective role of g l ia in the CNS is 

well known. Glial cells provide physical support and 

housekeeping for neuron, respond swiftly to even subtle 

physiological changes. Astrocytes constitute 40~50% 

of all glial cells and outnumber neurons. Astrocytes 

enwrap synapses, respond to neurotransmitters with 

changes in membrane potential and release many kinds 

of neurotransmitters, thus, actively regulate neuron-to-

glia communication, modulate neuron-to-neuron synaptic 

transmission. Recent evidence suggests that glial cells might 

modulate opioid actions[6]. Chronic morphine treatment 

activates spinal astrocytes activity[9], and inhibition of 

this activation by glial inhibitors propentofylline partially 

reversed the development of morphine tolerance[8]. 

Activated glia release EAA, nitr ic oxide (NO), and 

proinflammatory cytokines[36]. Possibilities for chronic 

morphine-induced activation of g l ia could be the 

involvement of protein kinase C (PKC) pathway[35] or PKC 

dependent[13,37]. As GFAP is a specific marker of astrocytes, 

changes in GFAP level are normally considered to represent 

the astrocytes response in these cases. 

Melatonin is lipophilic compound and when injected 

peripherally, it can freely cross hematoencephalic barrier, 

the concentrations in CNS is higher than those in the 

serum. MT exhibits its most effect through activation 

of G-protein coupled specific receptors. Melatonin’s 

membrane-associated receptors are classified into MT1 

and MT2 subtypes[38]. Like opioid receptors, they also 

belong to the seven transmembrane receptor family[39]. 

Autoradiography studies indicate that melatonin receptors 

are expressed in various neuronal areas[41] including the 

dorsal horn of the spinal cord, spinal trigeminal tract which 

involved in nociceptive transmission and pain control [41,42]. 

MT1 and MT2 receptors are in high density in superficial 

lamina of the spinal cord, which is vital region in pain 

modulation [43,44]. Previous works have also shown that 

the co-presence of specific opioids[45,46] and melatonin 

rceptors[47,48] on astrocytes.

Melatonin's antinociceptive and anti-inflammatory 

effects are mainly mediated through specific membrane-

associated receptors coupled to inhibitory G protein 

(Gi), mediate suppression of intracellular cAMP levels[49]. 

Furthermore, melatonin has been suggested to block 

calmodulin (CaM) interactions with its target enzymes by 

increasing CaM phosphorylation[50,51], while CaM kinase 

plays an important role in leading to central sensitizationand 

maintaining opioid-induced hyperalgesia[52]. Melatonin 

has also been shown to enhancing survival of glial cells, 

reducing glial hyperactivity in various conditions both 

vivo and vitro study (as revealed by GFAP)[53,54]. Melatonin 

can inhibit proliferation of glioma cells by inactivate the 

pathway of PKC[55].

Considering the most commonly used medication 

method is orally routine, the intragastric route of melatonin 

was selected in current study rather than intraperitoneal 

way. Because the bioavailability of intragastric route is 

comparatively low[56], that’s why the melatonin doses 

were high in this test. Melatonin could reverse morphine 

tolerance and dependence have been reported elsewhere[18]. 

The present data further highlight melatonin can not only 

alleviate the process of morphine induced tolerance, but 

also prevent morphine induced hyperalgesia after drug 

withdrawal. The present study also describes a marked glial 

response to chronic morphine treatment as characterized 

by increased immunoreactivity and expression of GFAP 

in lumbar spinal cord, the highest level of GFAP was at 

the 1st day after drug termination as revealed by western 

blot. Accordingly, significantly increased PKC activity in 

spinal cord was also detected. Morphine induced glial 

hypertrophy and PKC hyperactivity were attenuated by co-

administrating with melatonin. High level of cAMP caused 

by long term morphine treatment has been proved [30,31], 

melatonin can coupled to its receptor and decreases the 

intracellular cAMP level through Gi-cAMP pathway. In the 

present study, the alterations of cAMP are not parallelled 

with the inhibition of PKC activity and GFAP output after 

melatonin treatment. The reason for this phenomenon 

might be related to the effect of melatonin on cAMP was 
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concealed by up regulation of cAMP after long term 

treatment of morphine, or inhibition the PKC activity may 

receptor independent or partially receptor independent. 

Interestingly, melatonin alone, in rather higher dose (10-

4mol/L) could cause high level of GFAP in cultured spinal 

astrocytes, that might because that both melatonin’s most 

powerful effect and the main function of astrocytes are free 

radical scavenger[57].

The major shortcoming of this study is that it didn’t 

include the test of usage of PKC inhibitors to further verify 

the effect of melatonin on astrocytes.

Conclusions
This study demonstrated that melatonin, might prevent 

morphine induced hyperalgesia and glial reactivity both in 

vivo and vitro. This effect of melatonin may mediated by 

inhibition of PKC activity.

Acknowledgments The technical assistance given 

by Dr. Wang M.M is gratefully acknowledged. The author 

wish to thank Ms JIANG-Yan and Ms WANG-Yan for the 

immunohistochemical work. The author would also like to 

thank WU Jin-jin, WANG-Lin, FAN Lu-lu, ZHAO-Wei and 

HU Shan-shan for their technical assistance during this 

study.

Cover Thesis



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2

Application of Blood Salvage in Neurosurgery

Hui Liang*, Bao-Guo Wang&*

*Department of Anesthesiology, Beijing Tiantan Hospital, Capital Medical University, Beijing 100050, China
&*Department of Anesthesiology, Beijing Sanbo Brain Hospital, Capital Medical University, Beijing 100093, China

Abstract
<����������
���;	�����	������<�"��
���������	������
?�������
����������
���;	������������
��]�����
�
���
��!�������
�
���
��!��	
�
��	�����
����
���

��������
��������� <�"����� �����������������\���� ��VV��
*�� 
�� ��
�� ���
�	�]� <�"� ����	�;������
�����	�����	
�� 
��V���
���������
��� ���� ����;��	�
�����	���V�	���V��
��!���
	����!�����
��	����!��	��������
�����!������
��	��������]�������V;
���
���	��������<�"����������V��������;	������������
���
(such as rational use of drugs promoting erythrocytopoiesis and hemostatic drugs, accurate hemostasis, or controlled hypotension) can reduce or even 
�;�
�����������������		�����
��;	�����������
��]�'����������
���\
���	��������V�	���
*�����	�����>���V���		�\>���������������������
�
����������������
���<�"�����
��������
�	���V������
����]��

Key wordsz�<����������
���;	�����	��������		��������Q�����������
Corresponding Author:  Bao-guo Wang, E-mail:wbgttyy@sina.com

101Review and CME LectureExpert Commentary

Intraoperative blood salvage (IBS) is not widely 

used in neurosurgery despite its extensive application 

in cardiovascular and orthopedic surgery [1]. Few in-

depth studies are available regarding the use of IBS in 

neurosurgery, particularly those assessing the effect of 

neurosurgery on the quality of recovered blood during 

surgery [2-4]. The clinical consideration and experiences of 

IBS used for neurosurgery were summarized in this article.

A. Indications and contraindications of 
IBS for neurosurgery

Indications of IBS for neurosurgery include:

(1) cerebral vascular surgery in which intraoperative 

blood loss is expected to reach or exceed 500 ml;

(2) surgery for primary epilepsy;

(3) cranioplasty;

(4) surgery for closed head injury;

(5) pediatric neurosurgery in which even only a small 

amount of blood can be recovered.

Of them, operations for intracranial aneurysms 

and arteriovenous malformation are the neurosurgical 

procedures most suitable for IBS, since they usually involve 

considerable blood loss and a clean surgical field. In a 

previous study involving 326 patients who underwent 

surgery for intracranial aneurysms in Beijing Tiantan 

Hospital, the average blood loss was 538 ml (range 100 - 

2500 ml) and IBS was applied to 160 of them. The average 

volume of erythrocyte suspension after salvage and 

washing was 342 ml (range 100 - 1150 ml). Meanwhile, the 

average blood loss was 1154 ml (100 -8500 ml) in another 

102 patients who underwent resection of intracranial 

arteriovenous malformation during the same period at 

the same hospital, of whom 72 patients received IBS. The 

average volume of erythrocyte suspension after salvage and 

washing was 670 ml (range 125 -3750 ml). For patients who 

require emergency surgery due to closed head injuries, there 

is usually not enough time for blood preparation in such 

operations. In these cases, IBS serves as an important tool 

in increasing surgical safety and is thus of great practical 

value.

Previously, 170 patients aged between 7 months and 

77 years underwent IBS during surgery for closed brain 

injuries such as cerebral contusion and laceration, depressed 

fracture of skull, epidural, subdural, and intracerebral 

hematoma in Beijing Tiantan Hospital. The intraoperative 

blood loss of these patients ranged from 130 ml to 5000 ml. 

The average volume of recovered blood was 623 ml (range 

50 - 2750 ml). Intraoperative transfusion of allogeneic red 

blood cells was performed in only 19 patients. Besides, 

no adverse reactions or complications associated with 

blood salvage were noted. This study not only proves the 

remarkable efficacy of IBS in blood conservation, but also 

suggests that IBS provides a safe, prompt blood source for 

patients with massive bleeding because of cerebral trauma 

and increases the safety of emergency operations.

B. Contraindications of IBS to neurosurgery
Contraindications include: 

( 1 ) s u r g e r y f o r m a l i g n a n t t u m o r s ( g l i o m a , 

ependymoma, chordoma, primary neuroectodermal 
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tumors, pineocytoma, germinoma, choroid plexus 

papillomas, malignant meningioma, metastatic carcinoma 

and osteosarcoma);

(2) surgery having polluted surgical field (trans-oral-

nasal-sphenoidal approach, surgical removal of abscess and 

other infection foci in brain and spine, surgical removal 

of cysticerci, and surgery for craniocerebral trauma that 

involves open wounds).

Although the majority of meningiomas are benign, 

extracranial metastasis still occurs to less than one in a 

thousand, with the most common site of metastasis being 

the lungs, followed by the liver. Currently, it is generally 

believed in the medical community that hematogenous 

metastasis may be the major route responsible for metastasis 

of meningiomas, though there has been no report of IBS-

caused extracranial metastasis of meningiomas. A total of 

134 patients underwent meningioma resection in Beijing 

Tiantan Hospital during the period from January 1999 

to December 2006. Of them, 89 received IBS (group I) 

and 45 did not (group II). The two groups of patients 

were followed up for at least 12 months after surgery, 

with a mean period of 25 months (range 12-58 months) 

and 30 months (range 12-82 months), respectively. Re-

examinations using brain imaging, chest X-rays, and 

abdominal B-mode ultrasonography were performed 

to determine whether there was tumor recurrence or 

extracranial metastasis.

The results showed that intraoperative transfusion of 

allogeneic blood was conduced in 7 cases of group I (7.9%) 

and 11 cases of group II (24.4%) (P<0.001). During the 

follow-up period, of the patients who underwent Simpson 

Grade 1 resection in both groups, tumor recurrence 

appeared in 5 (7.6%, group I) and 4 (11.8%, group II). 

But no extracranial metastasis after surgery was found in 

both groups. There is no evidence yet that the use of IBS 

during meningioma resection is associated with increase in 

extracranial metastasis or recurrence of tumors. This study, 

however, included only a small number of cases and could 

not fully prove the safety of blood salvage in meningioma 

surgery. At present it is not recommended to employ IBS as 

a routine procedure during meningioma resection. In cases 

of massive bleeding which cannot be timely rescued with 

allogeneic blood transfusion or in cases where allogeneic 

blood transfusion is not suitable, once informed consent 

is obtained from patients and their families, the recovered 

blood can be filtered with some proper means such as a 

leukocyte depletion filter before being re-infused to the 

patients. Larger sample size and longer-term follow-ups are 

necessary to keep track of the long-term safety of IBS for 

such patients.

C. Issues to be taken into account when 
using IBS during neurosurgery 

1. IBS should be rationally used according to the 

bleeding characteristics of neurosurgery. Bleeding in 

neurosurgery mainly occurs during occasions of opening 

and closing the skull, operations adjacent to large blood 

vessels or venous sinus, or resection of tumor tissue with 

abundant blood supply. Bleeding characteristics vary with 

the sites of bleeding. Bleeding due to venous sinus tear or 

bleeding of arteries and large veins are rapid and copious, 

and the small surgical fields are usually quickly filled with 

blood, thus making the surgeons difficult to stop bleeding 

in a fast and accurate way. When the skull is being opened 

or closed, fast, extensive blood oozing usually occurs 

because of the large wound involved and rich blood supply 

in the diploe.

For surgery that carries a risk of rapid, copious bleeding 

intraoperatively, two or three aspirators are required at one 

time to suction the blood. Besides, a large reservoir (3000 

ml) is also needed in case of massive bleeding to avoid 

possible waste of spilled blood. When a massive bleeding 

does occur, the negative pressure of the aspirators can be 

elevated to a certain degree to accelerate suction and ensure 

suction effects.

2. Because of the small blood volume of pediatric 

patients, the absolute amount of blood loss in pediatric 

surgery is generally small. Sometimes, the salvaged blood 

cannot even fill up a small centrifuge bowl, and the 

efficiency of blood salvage decreases significantly. Moreover, 

the salvaged blood after washing has a relatively low 

hematocrit, thus increasing the volume load of children 

patients who receive such blood containing relatively few 

red blood cells. The use of continuous autotransfusion 

system (CATS), however, avoids the above concerns. The 

spiral washing chamber of CATS has a volume of only 30 

ml. But its processing capacity for salvaged blood is basically 

not confined by the amount of salvaged blood, thanks to 

the incorporation of the continuous washing technique. 

Even if only 100 ml of blood is recovered from the surgical 

field, CATS blood salvage devices still have high efficiencies 

in blood processing, thus making them the most suitable 
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blood salvage apparatus for pediatric surgery. They are 

particularly useful in pediatric surgery for craniostenosis, 

cerebral vascular conditions, and craniocerebra trauma.

Although the use of IBS can decrease the need for 

allogeneic blood transfusion during pediatric surgery, IBS 

has a limited positive effect on blood conservation and the 

use of IBS alone cannot eliminate the need of allogeneic 

blood transfusion altogether. From March 2003 to February 

2005, IBS was applied to 103 pediatric patients aged from 

7 months to 12 years who underwent neurosurgery in 

Beijing Tiantan Hospital. The neurosurgical operations 

included surgery for intracranial aneurysms, arteriovenous 

malformations, and intracranial hematoma, and intraspinal 

surgery, as well as opening and closing of the skull for 

intracranial malignant tumors. The intraoperative blood 

loss ranged from 130 to 4200 ml, with a mean volume 

of salvaged blood being 289 ml (range 50-2000 ml). Of 

these patients, 36 (35.3%) still received allogeneic red 

blood cells. Only the combinational use of IBS and other 

means of blood conservation (such as rational use of 

drugs promoting erythrocytopoiesis and hemostatic drugs, 

accurate hemostasis, or moderate reduction of blood 

pressure) is possible to reduce or even obviate the need for 

allogeneic blood transfusion.

3. Effor ts should be made to ensure adequate 

a n t i c o a g u l a t i o n . A s t h e b r a i n t i s s u e i s r i c h i n 

thromboplastin, this enzyme may be abundantly released 

during surgery into the shed blood, thereby remarkably 

promoting the activation of the coagulation system and 

expediting the formation of tiny clots in the blood. For 

this reason, when IBS is employed during neurosurgery, 

much attention is called for to timely adjust the drip 

rate of the anticoagulant solution according to the 

rate of intraoperative bleeding, and to shake gently the 

reservoir every so often to ensure uniform mixing of the 

anticoagulant and the salvaged blood. Compared with 

acid citrate dextrose preservation solution, heparin has a 

stronger anticoagulant effect and a wider dosage range (5-

10U/ml is enough to achieve anticoagulation in vitro). 

Hence, slight increase in concentration or dosage of heparin 

will not greatly affect the quality of the salvaged blood.

4. Effective washing and filtering should be ensured. 

Two features of neurosurgical procedures may significantly 

affect the quality of the salvaged blood.

(1) Blood recovered intraoperatively has a high level of 

hemolysis. A neurosurgical operation, usually performed 

microscopically, has a confined surgical field and thus poses 

a high requirement for a clear surgical field. Even blood 

from minor bleeding is needed to be promptly aspirated 

from the surgical field. During this process, air or even solid 

impurities like bone or tissue debris may enter the salvaged 

blood, and cause notable turbulences in the suction pipes. 

Therefore, many red blood cells in the salvaged blood are 

damaged and the maximal rate of hemolysis of the blood 

salvaged intraoperatively can reach as high as 8% or more. 

Observations with scanning electron microscopy found 

that the recovered blood contained a lot of cellular debris 

and red blood cells with markedly changed shape including 

cells swelling into spine-shaped or mouth-shaped ones. 

This finding suggests that severe damage of red blood cells 

does occur in the blood recovered during craniocerebral 

operations. Sufficient washing is essential to ensure the 

quality of recovered blood. It is advisable to use washing 

solution at a volume 6 or 7 times that of the volume of 

centrifuge bowl to wash the salvaged blood (for example, 

1500 ml of washing solution is recommended for centrifuge 

bowls of 225 or 250 ml). Alternatively, the automatic high 

quality washing programme pre-set by the blood salvage 

device can be used for such purposes.

The washing efficiency of the discontinuous-washing 

blood salvage device correlates closely with the amount 

of blood in the centrifuge bowl, pumping speed of the 

blood pump of the blood salvage device, centrifuge speed, 

and flow rate and amount of washing solution. Therefore, 

for neurosurgery in which the recovered blood has a 

high level of hemolysis, particular care should be taken 

to properly handle the blood salvage machine. Washing 

should initiate only after the centrifuge bowl has been 

filled up. In addition, the blood-pumping speed (speed 

of blood entry) and the washing speed of the blood 

salvage machine should not be elevated at will. Otherwise, 

the clearance rates of such harmful substances as free 

hemoglobin or inflammatory factors in the recovered blood 

may be reduced significantly. When emergency washing 

is indicated in case of massive bleeding, it is preferable to 

adopt Fresenius C.A.T.S. (Fresenius continuous autologous 

transfusion system, Fresenius AG, Bad homburg, Germany). 

Equipped with continuous washing technology, this blood 

salvage system enables simultaneous separation, washing, 

and empting of the salvaged blood. When used at the mode 

of fast processing (100 ml of red blood cell suspension is 

washed per minute), it can always ensure a hematocrit of 
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above 50% and a clearance rate of serum albumin higher 

than 90%. Additionally, its processing efficacy for the 

salvaged blood varies little with the change of processing 

programmes.

(2) Blood recovered during operation may be mixed 

with non-blood-derived impurities. When a surgical drill is 

used to drill the skull, small bone debris is often present in 

the surgical field. Moreover, as artificial surgical materials 

like bone wax, bone glue, gelatin sponge, hemostatic gauze 

or even titanium plates are often used, it is inevitable that 

tissue debris or the like may find their way in the salvaged 

blood. It is possible that impurity particles with a largest 

diameter less than the smallest pore diameter of the filter of 

the reservoir may still pass the filter during blood salvage, 

and that centrifugation alone cannot effectively remove 

impurity particles with a density close to or exceeding that 

of red blood cells. Although there has been no report of 

complications from non-gaseous embolization following 

re-administering the blood salvaged by blood salvage 

machines, yet a study found a great many black particles 

visible to the naked eye in the blood (Cell saver blood 

salvage system) salvaged from a patient who underwent total 

hip replacement surgery. Under electron microscopy, it was 

found that these particles were formed by aggregation of 

considerable minute tissue debris (diameter< 10 μm) and 

metal material used during surgery. Accordingly, when the 

blood salvaged from the surgical field consists of complex 

components (seriously damaged red blood cells, blood clots, 

and much debris from artificial materials and tissues), there 

is a likelihood of re-formation of large impurity particles 

with a diameter larger than the smallest pore diameter of 

the filter of the reservoir in the filtered blood. Theoretically, 

patients may therefore risk being re-infused impurity 

particles. Hence, when many impurities are present in the 

surgical field (surgical procedures involving much use 

of artificial materials, like the use of titanium plates and 

nails when repairing the skull, the use of bone wax to stop 

bleeding when opening and closing the skull, or the use of 

artificial biological gel), blood salvage should be suspended 

and microaggregates blood filters (diameter 40 μm) should 

be routinely used to re-infuse the salvaged blood, in an effort 

to increase the safety of blood salvage.

In addition, hydrogen peroxide solution is sometimes 

used during neurosurgery to facilitate hemostasis of 

wounds with extensive blood oozing. However, it can 

lead to hemolysis, and blood salvage, therefore, should be 

suspended.

5. Attention should be paid to changes in coagulation 

function and osmotic pressure when a large quantity of 

salvaged blood is re-infused. Excessive loss of the plasma, 

platelets, and coagulation factors during the recovery, 

washing, and re-administration of considerable amounts 

of blood can lead to hypoproteinemia and coagulation 

disorders. Therefore, supplement of these substances is 

required. In general, when the blood loss is below 50% 

of the blood volume, satisfactory blood salvage can be 

achieved, and supplement of plasma substitute alone would 

be sufficient. But neurosurgery, particularly craniotomy, 

presents a higher requirement for hemostasis. Once the 

blood loss exceeds 50% of the blood volume, surgeons can 

choose whether to supplement coagulation components 

depending on tests of coagulation function (coagulation 

profiles, viscoelastic test of bedside blood clots, platelet 

count, and surgeon's evaluation of coagulation in the 

surgical field), progress of surgery (whether or not major 

bleeding steps have ended), and clinical status of the 

patients (compensatory capacity).

In case of good coagulation in the surgical field, no 

presence of rapid, massive bleeding, but mildly abnormal 

parameters of viscoelastic tests of bedside blood clots, 

lyophilized human fibrinogen can be first supplemented. 

When there is considerable blood oozing in the surgical 

field and the blood loss or the re-infusion volume equals 

to the blood volume of the patient, fresh frozen plasma 

can be re-administered at a dose of 10-15 ml/kg. Since a 

lot of platelets are removed during blood salvage, platelet 

count should also be determined to ensure it not lower than 

60×109/L when the blood loss equals or exceeds the blood 

volume of the patient.

Furthermore, for patients who underwent craniotomy and 

received large amounts of salvaged blood, particular care must 

be taken to avoid cerebral edema resulted from significantly 

decreased plasma colloid osmotic pressure. Plasma colloid 

osmotic pressure and plasma protein concentrations can be 

measured, if possible. Proteins should be supplemented when 

serum albumin levels drop below 20 g/L.
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During the last decade, several new indirect laryngoscopes have proven useful in clinical adult practice. Only four of them are currently available in sizes 
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barrier in Epidural anesthesia, especially thoracic epidural anesthesia and analgesia. Propofol could also improve intestinal mucosal barrier function. But, the 
intestinal mucosal barrier function may be disrupted by stress, shock, cardiopulmonary bypass.
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Narcotrend

Application and Development of Narcotrend Monitor in Anesthesia

As more attention is paid to the importance of maintenance of proper anesthetic depth and to the perniciousness of intra-operative awareness the new 
type electroeneephalographic monitor Narcotrend ���"�������"�����>
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large amount of studies This review will focus on main advances in clinical application of the narcotrend monitor evaluation on anesthetic depth exploration 
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Induced by Passive Leg Raising
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Department of Intensive Care Unit, Peking University Shenzhen Hospital, Shenzhen , Guangdong 518036, China
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Passive leg raising ( PLR ) is a reversible “ self-volume 

challenge ”[1]. Recent studies [2-4]demonstrated that PLR-

induced changes in stroke volume ( SV ) or cardiac 

output ( CO ) can reliably predict volume responsiveness. 

However, special equipments (such as echocardiography, 

pulse indicator continuous cardiac output) and skills of 

measuring SV restrict its general application. Arterial pulse 

pressure (PP), taken as a surrogate for SV, is attractive 

because it is easy to record at the bedside. However, the 

role of PLR-induced changes in pulse pressure ( PP ) to 

predict volume responsiveness was controversial in limited 

researches[5-7]. The aim of this study was to test whether 

PP and SV are equally accurate at predicting volume 

responsiveness in severe sepsis and septic shock patients, 

thus rendering them interchangeable.

Materials and Methods
Patients 

This study was approved by the local ethics committee. 

Patients were informed before participation in the study. We 

studied severe sepsis and septic shock patients hospitalized 

in the intensive care unit of Peking University Shenzhen 

Hospital from July 2009 to May 2010. 

Inclusion criteria were: age >18y, severe sepsis 

and septic shock was diagnosed according to the criteria 

proposed by SCCM/ESICM/ACCP/ATS in 2001[8], 

presence of at least one clinical sign of inadequate tissue 

perfusion defined as (a) systolic blood pressure below 

90 mmHg ( 1mmHg = 0.133Kpa ) ( or a decrease > 40 

mmHg in previously hypertensive patients ) or the need for 

vasopressive drugs, (b) urine output < 0.5 ml·kg-1·h-1 for � 

2 hours, (c) heart rate > 100 beats/min, (d) presence of skin 

mottling, (e) persistent hyperlactacidemia.

Exclusive criteria were: increase in intracerebral 

pressure, PaO2/FiO2 < 100 mmHg, left ventricular 

ejection fraction < 40%, pulmonary hypertension, 
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increase in intra-abdominal pressure, obvious 

hypovolemia, elastic compression stocking or deep 

venous thrombosis, aortic or mitral valve disease, 

ascending aortic aneurysm.

At last, 42 patients ( 25 males and 17 females ) with 

a mean age of 51.4±20.1yrs (18 87yrs ) were included 

in the study because of pulmonary infections (n=21), 

gastrointestinal infections (n=9), biliary tract infections 

(n=3), urine tract infection (n=3), catheter-related 

infections (n=2), soft-tissue infections (n=2), and unknown 

origin infection (n=2).  Patients with an increase in SV 

�15% and < 15%[2,3] after volume expansion (VE) were 

separated into responders (n=22) and non-responders 

(n=20), respectively.

Methods 
This study was a prospective observational study. 

Hemodynamic measurements
Hemodynamic data were measured non-invasively 

by Ultrasonic Cardiac Output Monitor ( USCOM; Pty 

Ltd, Coffs Harbour, NSW, Australia ) which was a new 

continuous-wave Doppler ultrasound monitor[9,10]. All 

measurements were performed by a single experienced 

investigator. The intraobserver variability was below 4.0%. 

The ultrasound probe (3.3 MHz) was placed in the patient’s 

suprasternal notch to acquire an optimal flow profile at the 

aortic valve, presented as a time-velocity spectral display. 

CO was calculated automatically from the equation: CO 

= heart rate×SV, where SV is the product of the velocity 

time integral and the cross-sectional area of the aortic 

valve, determined by the USCOM internal algorithm based 

on height and gender. Invasive arterial blood pressure 

was measured by radial artery catheter. Arterial PP was 

calculated as the systolic blood pressure ( SBP ) minus the 

diastolic blood pressure ( DBP ). Mean arterial pressure 

(MAP) was maintained above 65 mmHg by intravenous 

infusion of dopamine or norepinephrine when necessary. 

Central venous pressure measurement: Patient’s right 

internal jugular vein or subclavian vein was cannulated 

by a dual-channel catheter for monitoring central venous 

pressure ( CVP ). CVP was determined at end-expiratory 

by traditional manual ruler. The reading was taken from the 

midaxillary line at the level of the fourth intercostals space 

with the patient supine.

Study protocol 
We measured hemodynamic parameters during three 

sequential steps. A first set of measurements was obtained 

in the supine position ( designated ‘baseline’ ). Then, With 

an automatic bed elevation technique, the lower limbs 

were raised to a 45°angle for 3 minutes while the patient’s 

trunk was still horizontal. A second set of measurements ( 

designated ‘during PLR’ ) was obtained during leg elevation, 

at the moment when SV reached its highest value. The body 

posture was then returned to the baseline position for 5 

mins. Finally, measurements were obtained after a 30-min 

infusion of 250 500 ml of 6% hydroxyethyl starch (Voluven; 

Fresenius Kabi, Sevres, France ) ( designated ‘after VE’ ). 

Vasopressor doses, sedative doses and ventilator settings 

were not changed throughout the study period.

Statistical analysis
All numerical variables were normally distributed 

except for the “ SOFA score ”. Numerical data were given 

as mean±SD except when otherwise indicated. The 

comparison between responder and non-responder values 

was performed using an independent-sample Student’s 

t test except for the “ SOFA score ”, which was compared 

using the Mann-Whitney U test. Comparisons before and 

after PLR, and before and after VE were performed using 

a paired-sample Student’s t test. For categorical variables, 

chisquared or Fisher’s exact tests were used to test for 

differences between groups. Linear correlations were tested 

using the Pearson test. Receiver operating characteristic 

( ROC ) curves were generated for PLR-induced changes 

in PP and SV by varying the discriminating threshold of 

each parameter. The area under the ROC curves ( AUC ) 

TABEL 1.Patients characteristics in two groups

N Age (years) Male/female
�K���=<<�

score
SOFA score

Non-responders 20 49.2±21.7 13/7 19.7±6.8 6(2-15)
Responders 22 52.9±19.0 12/10 17.3±8.1 4(2-12)
Test statistic 0.520 0.475 1.002 1.255

P values 0.606 0.491 0.322 0.210

N
Mechanical 

ventilator (n, %)
Vasopressors

 (n, %)
Cardiac arrhythmias 

(n, %)
Non-responders 20 15 75% 11(55%) 2(10%)

Responders 22 14(63.6%) 6(27.3%) 3(13.6%)
Test statistic 0.633 3.343

P values 0.426 0.067 1.000
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was expressed as the area±SE, and was compared using the 

Hanley-McNeil test. All tests were two-tailed, and a P value 

of less than 0.05 was considered statistically significant. 

Statistical analysis was performed using SPSS 17.0 software 

( SPSS, Chicago, IL, USA ) for all tests except the Hanley-

McNeil test, which was performed with the MedCalc 

13.3.8.0 software ( Mariakerke, Belgium ).

Results
Patient characteristics

The patient characteristics are summarized in Table 

1. Twenty-two ( 52.4% ) patients were considered to be 

responders to VE. The general characteristics of the two 

groups were similar ( P>0.05 ).

Baseline hemodynamic variables
The basel ine hemodynamic measurements are 

summarized in Table 2. The responders had a significantly 

lower initial SV ( 60.6±19.4 ml vs. 75.3±18.5 ml, P=0.016) 

and CO ( 6.4±2.0 L/min vs. 7.7±1.7 L/min, P=0.027) 

compared with the non-responders, although the heart rate, 

TABEL 2.Hemodynamic variables in two groups at baseline, during PLR and after VE

Baseline |��
���KY� t1 values P1 values After VE t2 values P2 values
{
�������
��?�!�

Non-responders n=20 103.8±15.1 104.7±14.0 0.318 0.754 102.7±14.4 0.391 0.700
Responders n=22 107.5±16.0 106.7±15.3 1.533 0.140 108.1±16.0 0.323 0.750

t3 values 0.792 0.439 1.141
P3 values 0.433 0.663 0.261

��\�!!{��
Non-responders n=20 103.7±18.8 106.6±14.8 1.462 0.160 108.2±17.3 1.242 0.229

Responders n=22 111.0±19.3 115.1±20.9 3.763 0.001 117.5±18.9 2.719 0.013
t3 values 1.233 1.492 1.668
P3 values 0.225 0.144 0.103

��\�!!{��
Non-responders n=20 61.1±16.2 62.9±12.6 1.031 0.315 63.7±16.9 0.839 0.412

Responders n=22 62.5±12.0 61.5±10.9 0.907 0.375 62.5±12.2 0.001 0.999
t3 values 0.331 0.390 0.266
P3 values 0.743 0.698 0.791

6�\�!!{��
Non-responders n=20 75.3±15.6 77.5±12.0 1.278 0.231 78.6±16.0 1.013 0.324

Responders n=22 78.7±12.7 79.4±12.6 0.631 0.535 80.9±12.0 0.887 0.385
t3 values 0.783 0.492 0.535
P3 values 0.438 0.625 0.596

\\�!!{��
Non-responders n=20 42.6±15.4 43.7±12.5 1.230 0.234 44.4±12.5 1.477 0.156

Responders n=22 48.4±15.8 53.6±17.3 8.045 0.000 55.0±18.2 7.269 0.000
t3 values 1.204 2.091 2.164
P3 values 0.236 0.043 0.037

CVP(cmH2��
Non-responders n=20 11.3±6.1 12.3±6.7 2.901 0.009 14.8±7.2 6.588 0.000

Responders n=22 9.7±5.1 11.0±5.5 5.530 0.000 12.3±6.4 5.046 0.000
t3 values 0.944 0.640 0.876
P3 values 0.351 0.526 0.240

���!��
Non-responders n=20 75.3±18.5 78.8±20.1 2.614 0.017 77.3±18.7 1.197 0.246

Responders n=22 60.6±19.4 71.2±22.4 10.603 0.000 75.0±23.3 11.617 0.000
t3 values 2.514 1.151 0.356
P3 values 0.016 0.257 0.724

����+!���
Non-responders n=20 7.7±1.7 8.2±2.3 1.905 0.072 7.9±2.0 0.671 0.510

Responders n=22 6.4±2.0 7.5±2.3 10.191 0.000 8.0±2.5 10.208 0.000
t3 values 2.291 1.069 0.241
P3 values 0.027 0.292 0.811

SVR(dyne.s.cm-5�
Non-responders n=20 745.0±507.8 720.7±428.3 0.769 0.452 747.7±553.2 0.070 0.945

Responders n=22 944.6±357.8 795.6±299.0 7.162 0.000 757.4±309.6 5.079 0.000
t3 values 1.459 0.662 0.071
P3 values 0.154 0.512 0.944

KY��¦�����
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��K�¦�������	����������������!�"��¦�����{����	�V�!����¦����
���������!�"���¦������V
�������	������
������]��j�Kj�¦���
���KY���������;���	
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baseline, t3/P3 = non-responders versus responders.
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arterial pressure, CVP, and systemic vascular resistance were 

not different between the groups ( P>0.05 ).  

Effects of PLR and volume expansion on SV
For the responders, during PLR and after VE, SV 

increased significantly in comparison with baseline ( 

P<0.05; Table 2 ). For the non-responders, PLR also 

induced a significant increase in SV ( P<0.05; Table 2 ), 

but the SV were significantly greater in responders than 

in non-responders ( 18.0±7.2% vs. 4.5±8.2%, P=0.000; 

Figure1 ).

For the group as a whole, the increase in SV induced by 

PLR was correlated well with that induced by VE ( r=0.811, 

P=0.000; Figure2 ). 

Effects of PLR and volume expansion on PP
During PLR and after VE, PP increased significantly 

in comparison with baseline in responders ( P<0.05 ), but 

not in non-responders ( P>0.05; Table 2 ). The PP were 

significantly higher in responders than in non-responders ( 

11.0±6.3% vs. 4.7±8.7%, P=0.009; Figure 1 ).

For the group as a whole, the increase in PP induced by 

PLR was correlated with the increase in SV induced by VE ( 

r=0.329, P=0.033; Figure 3 ).

Prediction of volume responsiveness
A SV of >12% predicted volume responsiveness with 

a sensitivity of 86.4%, specificity of 90%, positive predictive 

value of 90.5%, and a negative predictive value of 85.7%. 

A PP of >8.89% predicted volume responsiveness with a 

sensitivity of 72.7%, specificity of 80%, positive predictive 

value of 80%, and a negative predictive value of 72.7%.

The AUC for SV and for PP were 0.928±0.042 

( P=0.000 ) and 0.741±0.077 ( P=0.0016 ), respectively ( 

Figure 4 ). The difference between them was significant 

( 0.187±0.0827, P=0.0233 ). The AUC for baseline CVP 

and for PLR-induced changes in CVP ( CVP ) were 

0.595±0.090 ( P=0.290 ) and 0.632±0.088 ( P=0.144 ), 

respectively.

Discussion
Our prospective study demonstrates that PP can 

predict volume responsiveness in severe sepsis and septic 

shock patients, but SV is more accurate at predicting 

volume responsiveness than PP. The AUC for PP was 

0.741, whereas the AUC for SV was 0.928.

This study showed that nearly half of critically 

il l patients with hemodynamic instability were not 

responsive to volume expansion, underscoring the need 

for predicting volume responsiveness routinely in order 

to avoid ineffective or even detrimental fluid therapy. Our 

study showed that the AUC for baseline CVP and CVP 

were 0.595 and 0.632, respectively. These data further 

suggest that traditional static hemodynamic parameters 

are no longer considered reliable tools to predict volume 

responsiveness[11-13]. Therefore, the search for more reliable 

methods became a major axis during the last decade.

PLR is a dynamic parameter for predicting volume 

responsiveness. Lifting the legs passively to a 45°angle 

Figure 1: Effect of PLR on changes in SV and PP in two 
groups.

Figure 2: The correlation between PLR-induced changes in 
SV and VE-induced changes in SV.
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for 1 min induces a gravitational transfer of 150 300 

ml blood from the legs toward the central circulatory 

compartment[1,14,15]. Hemodynamic impact induced by PLR 

rapidly reversed when the legs are returned to a horizontal 

position[1]. So, PLR is a reversible “ self-volume challenge ” 

with good safety. 

Our research confirmed previous studies[2-4] by 

showing that SV is a reliable predictive index of volume 

responsiveness. Its AUC was 0.928. More interestingly, PLR 

can be used in patients with spontaneous breathing activity 

and arrhythmias[2,4,5], whereas other dynamic parameters 

such as stroke volume variation and pulse pressure 

variation lost their values in cases of spontaneous breathing 

or arrhythmias or low tidal volume ventilation[5,16,17]. 

However, SV/CO measurement may be cumbersome, 

i t s feas ibi l i t y i s var iable and depends on pat ient 

echogenicity, hospital equipment, and physicians’ skills in 

echocardiography.

PP measurement only requires ordinary critical care 

equipment and expertise so that it is easy to perform at 

the bedside. Boulain and his colleagues[18] presented that 

PP were significantly correlated to rapid fluid loading-

induced changes in SV ( r=0.84 ). Therefore, they suggested 

that volume responsiveness could be predicted by simply 

measuring PP. However, Monnet et al.[7] demonstrated 

that the predictive value of PP was little, only having 

an AUC of 0.68. So, the aim of this study was to specially 

compare the performance of PP and SV for predicting 

volume responsiveness.

This study showed that PP was a predictive index to 

detect preload responsiveness. The AUC for PP was 0.741 

(P<0.05 ). PLR mimics volume expansion will lead to an 

increase in cardiac preload and then in left ventricular SV, 

if the patient’s ventricles work on the ascending portion 

of Frank-Starling curve. Therefore, PP being SV surrogate 

is increased. On the contrary, if the right and/or the left 

ventricle work on the platform of Frank-Starling curve, 

no increases in left ventricular SV and in PP are expected. 

Thus PP can detect volume responsiveness. Our data 

showed a PP threshold value of 8.89% predicted volume 

responsiveness with a sensitivity of 72.7% and a specificity 

of 80%.

More importantly, we compared the AUC for PP and 

SV using the Hanley-McNeil test, and demonstrated that 

PP was a worse predictor than SV ( P<0.05 ). This is 

probably because PP is not a direct measure of SV and depends 

on complex properties of the systemic arterial tree, such as 

compliance, wave propagation, and wave reflexion[19,20]. These 

parameters can vary with patient’s hemodynamic conditions 

and can be directly altered by PLR[7]. Moreover, PP may also 

vary with the site of measurement[14]. So, SV rather than 

PP was more robust parameter of preload responsiveness. 

This finding was consistent with results from Monnet[5] and 

Lakhal[21]. However, Preau et al.[6] did not find any difference 

between the accuracy of PP and SV at predicting fluid 

responsiveness in nonintubated patients with severe sepsis or 

acute pancreatitis.  The AUC for PP  was 0.86. They claimed 

PP  and SV were interchangeable indices. The difference 

Figure 3: The correlation between PLR-induced changes in 
PP and VE-induced changes in SV.

Figure 4: ROC curves for predicting response to volume 
expansion.
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Effects of “Phone Consultation” to Mental Status and Quality of 
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if necessary, and we wrote down their consulting times and duration of each call of every patient, the content of patient’s complaint, mental status and 
quality of life of each patient, and recorded the effects of “phone consultation” to physicians’ work and life. All patients and their family accepted my 
mobile phone number and agreed that they would call me in demand. 753 times of phone consultation from patients or their family had been shown on “ 
incoming call ” of my mobile phone during 2 years (730 days), 1.03 times per day on an average. “Phone consultation” had given patients with cancer-
related pain the sense of safety, comfort for mental status, and improved their quality of life. And “phone consultation” had not affected physician’s work 
and life too much. 

It’s reported that 60% cancer patients live with cancer-

related pain[1], cancer pain patients in depression have 

higher incidence of death[2], the reasons that some patients 

were not wiling to stay in hospital, or difficult in walking, 

or even more that there were not enough wards to accept so 

many of these patients in hospital, they received palliative 

care in home usually. In my pain clinic, although all patients 

were devised a detailed pain relieve plan, which contained 

regular evaluation to pain, the scheme of administration 

and the management of side effects of medications, 

treatment of breakthrough pain, and many of other 

palliative care measures, occasionally they had questions 

and problems to my management scheme and that they 

were not convenient to see me, at the same time, because 

my clinic is open only every Tuesday afternoon, patients 

can not consult me in other time, they were nervous and 

anxious to pain and in depression, namely that half of the 

day was not far more enough to patients. So we told all my 

patients and their family my mobile phone number and let 

them call me if necessary. Then we wrote down the content 

of their consultation and observe all patients’ mental status, 

quality of life, and even effects of “phone consultation” to 

physicians’ work and life.

Materials and methods
From Aug. 1 2006 to Jul. 31 2008, we had received 161 

patients with cancer-related pain (716 man-times) in my 

clinic, their general data are shown in table 1. We told all 

patients or their family my mobile phone number when 

they came to my clinic first time, and informed that they 

could call me to consult if necessary, and we wrote down 

their consulting times and duration of each call of every 

patient, the content of patient’s complaint, mental status 

and quality of life of each patient, and recorded the effects 

of “phone consultation” to physicians’ work and life.

Results 

1, All patients and their family accepted my mobile 

phone number and agreed that they would call me in 

demand.

2, 753 times of phone consultation from patients or 

TABEL 1.general data of patients in cancer pain clinic

TABEL 2.total times and per capita times of telephone call 
from patients or their family

ladder Male (age) Female (age) total
ladder 1 3 14-78yrs 7 45-58yrs 10
ladder 2 15 31-75yrs 21 24-80yrs 36

ladder 3, especially 66 17-82yrs 49 34-76yrs 115
neuropathic pain

 Y����j Y����^ Y�����!������
�		�����������
����
�
 Having consulted 

patients
6/10 30/36 115/115

per capita times 2.4 2.5 8.0
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their family had been shown on “ incoming call ” of my 

mobile phone during 2 years (730 days), 1.03 times per day 

on an average (table 2) .  

3, Questions and problems from patients or their 

family are shown on table 3.

4, “Phone consultation” had given patients with cancer-

related pain the sense of safety, comfort for mental status, 

and improved their quality of life to some extent (table 4).

5, Effects of “phone consultation” to physicians’ 

work and life  Times of phone consulting of after work 

was slightly more than that of on-time according to “the 

incoming call” of my mobile phone, and I had only been 

awakened 5 times during 2 years, consulting phone from 

patients and their family was only 1.03 times per day on 

an average, the proportion of times of phone that had 

prolonged less than 3 min occupying whole incoming 

phone was 98.59%(table 5).

Discussion 
Why patients with cancer-related pain see physicians of 

pain clinic are made out the plan of relieve pain, prescribed 

medications every week, evaluated the effects of treatment, 

and so on. Usually, patients or their family must go to pain 

clinic when medications were consumed over, but many 

of circumstances can be reflected to physicians merely 

through phone consulting. Patients and their family need 

not go to hospital through “phone consulting” in many 

circumstances except being prescribed medications. All 

patients and their family accepted “phone consulting” 

suggested that they approved the ways of communication 

between doctors and patients. We can see from table 1 that 

753 times of “phone consultation” from patients or their 

family had been shown on “ incoming call ” of my mobile 

phone during 2 years (730 days), 1.03 times per day on an 

average, patients on ladder 1 and 2 and their family had not 

called me too many times, some of them had never called 

me, but all patients on ladder 3 or their family had called 

me, 8 times incoming call on an average, this may state 

that the communicating way was necessary for patients on 

ladder 3. And the content of consulting show that patients 

on ladder 1 or their family called doctor because they were 

not very clear to the usage of medications, such as time, 

dosage, ways and means and needed further consulting, 

patients on ladder 2 consulted doctor because the effects 

of medications decreased and needed to be improved the 

dosage, to be managed for side effects of narcotics used for 

the first time such as drowsiness, nausea and vomitting, 

dizziness, constipation, etc., patients on ladder 3 and their 

family called doctors because of bursting of severe pain or 

breakthrough pain, needing to be further evaluated to the 

results of relieve pain(table 3).

It was reported that the incidence of depression in 

cancer patients is up to 20%-50%[3] and anxiety and 

depression have positive correlation with the extent of 

pain[4]. Table 4 show that all patients and their family 

understood that “I can call doctor if having pain or any 

other uneasiness”, “feel very safe, doctor is accompanying 

me”. Patients on ladder 1 had no psychological problem, the 

scores of most of patients on ladder 2 and 3 was less than 

3, their sleep quality was fine, incidences of psychological 

TABEL 3.complains of telephone call from patients or their 
family

TABEL 4.mental status and quality of life of all patients

Content of phone Y����j Y����^ Y������!�����
�		�����������
����
�
A 0 151 305
B 0 0 180
C 0 112 23
D 3 25 3
E 0 1 0

mental status and 
quality of life 

ladder 1
 (proportion)

ladder 2
 (proportion)

ladder 3 and  (proportion)

A 10 100% 36 100% 115 100%
B 0 0% 2 5.55% 3 2.60%
C 0 0% 0 0% 15 13.04%
D 10 100% 35 97.22% 101 87.82%
E 0 0% 0 % 2 0.6%

A decreasing of analgesia effects, dosage of narcotics must be increased
B breakthrough pain
�� �
�� �������� ����� ��� ��\�
����!� ������� ��� ��V
��
��!� 
**
����!�

constipation, etc.  
D patients or their family were not very clear to the usage of medications, 

such as time, dosage, ways and means, and needed to further consult
E needed to be emergently treated for coma and shock because of 

administrating over dose of narcotics

��{��\
���������<�������		�������
��<�������������;	�V�����?����
����!�����	�
very safe, doctor is accompanying me”

B being nervous and anxious, and worry about that they cannot see doctor 
when bursting of severe pain

C having the symptoms of depression for the reason of pain
D the score of pain according to NRS was less than 3 and the quality of sleep 

was high
E having the intent of commit suicide
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TABEL 5.effects of “phone consultation” to work and life of 
physicians

Times of 
calling on-

time

Times of 
calling after 

work

Times 
of being 

awaked up

Consulting 
time <3min

Consulting 
�
V����V
�

Times of phone 
consultation

325/753 428/753 5/753 741/753 12/753

Proportion of 
occupying whole 
incoming phone

43.16% 56.84% 0.66% 98.59% 1.61%

symptoms such as anxiety and depression were low[3], and 

only 2 cases of neuropathic pain had trended to commit 

suicide (0.6%). That times of calling from patients and 

their family on-time of work were more than that of after 

work indicated that patients needed physicians’ care also 

when they were after work. In the 2 years, although it was 

unpleasant that I(Pro. Chen Zhiyang) had been awakened 

up from sleeping 5 times, the frequency was not very high, 

and “phone consulting” had provided many conveniences 

for patients. 1.03 times of telephone call per day on an 

average were not too frequent to bother doctors’ work and 

life too much in their after work time.

Conclusions
This retrospective study show that “phone consultation” 

can decrease the times of seeing doctor, which can give 

patients and their family convenience, in other words, can 

improve curative effects. For the patients who stay in home 

to be relieved pain or are difficult to go to see doctor, it 

can bring them the sense of safety and the psychological 

comfort once they have pain or have any other problems 

and questions, may promote their quality of life. And as you 

can see, “phone consultation” had not affected physician’s 

work and life too much, doctor’s hearty care, although 

sometimes is not very much, can give patients much more 

help and convenience.
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REFERENCESmay be due to the variance of patients who were studied.

Our study has some limitations. First, we measured 

hemodynamic data by using USCOM which is a novel 

noninvasive cardiac output monitor. Though multiple 

studies[9,10,22] demonstrated it is a reliable and accurate 

method for monitoring of CO/SV. There are still limited 

researches of applying USCOM to PLR. However, Thiel 

et al. [23] demonstrated that USCOM can be used in 

conjunction with PLR to predict volume responsiveness. 

Second, we defined volume responsiveness as an increase 

in SV of �15% with fluid infusion. This cutoff value seems 

clinically relevant, because it was chosen in reference to 

previous studies[2,3].  

Conclusion
Though PLR-induced changes in pulse pressure has 

a significantly lower predictive value than PLR-induced 

changes in stroke volume, considering the simplicity of 

monitoring pulse pressure, volume responsiveness can be 

predicted by the simple observation of changes in pulse 

pressure during PLR in severe sepsis and septic shock 

patients if necessary.
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Methods: 60 patients (ASAI-II) under elective gynecologic laparoscopic surgery were randomly divided into treatment group and control group (n=30). 
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the pain level after 1h (T1), 4 h(T2), 8 h(T3) using the standard BCS, once patients at 0 score, intramuscular injection 100mg pethidine, recorded the time and 
frequency of each group,  as well as the incidences of throat pain and other adverse reactions.

results:  Pain scores of treatment group at 1,4,8 hours were lower than the control group(P 0.01). The number and frequency of pethidine injection were 
lower in treatment group than control group(P 0.01).  The incidence of sore throat were 15%( treatment group) and 60% (control group) (P 0.05). There were 
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Conclusion: Flurbiprofen ester pre-emptive treatment in gynecologic laparoscopic surgery can effectively relieve postoperative incisional pain, reducing 
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Effects of Varied Anesthetic Maintainence on Hemodynamics in Obstetrics and 
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Objective: The laparoscopic surgeries of obstetrics and gynecology require stable hemodynamics,the rapid and smooth postoperative recovery are also 
necessity for the success of the operation. So the choice of anesthetic is very important. In this paper, the authors compare the effects of different anesthetic 
agents for Obstetrics and Gynecology laparoscopic surgery under general anesthesia. Analysis the change of MAP, HR, RR, SPO2, PO2, PCO2 and pH during 
and after operation.

Methods: 100 patients under laparoscopic surgery were randomly divided into two groups. Group A, Propofol and remifentanil were given to maintain the 
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results: There were no difference of MAP,HR,RR,SpO2 between two groups before and after intubation. In both groups the BP, MAP and HR of patients 
all increase after pneumoperitoneum 10min, 20min and 30min respectively (P<0.05). 1 hour after pneumoperitoneum, the BP,MAP,HR decreased back to the 
;���	�	���	'�������
����
�	�
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���������
�"�����	��[%������	����?����������������%������
�����%�������='��$�2 show before 
and after 20 to 30minnuts pneumoprtonoum  in both groups.

Conclusion: Group A shows a better stability of hymodynamics than Group B. The patients of Group A also experience shorter time of recovery and 
extubatoin.

Key Words: different anesthesia,gynecology and obstetrics,celioscope, hemodynamic 
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ARC Protein Expression in Sevoflurane 
induced Bidirectional Regulation of Memory
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Background: Low dose sevoflurane is demonstrated to 

have neuronal excitatory effect in CNS. Activity-regulated 

cytoskeleton protein (Arc) can be fastly expressed in 

hippocampus for the modulation of synaptic plasticity. 

Extracellular signal-regulated 

kinase (ERK) pathway also 

i nv o l v e s i n l e a r n i n g a n d 

memory by mediating signals 

a n d m o d i f i c a t i o n s . T h i s 

study aims at exploring the 

mechanism of sevoflurane on 

memory by connecting ERK 

pathway, Arc and IA behavioral 

training. 

Methods : SD rats were 

randomly assigned to three 

groups (sham, 0.11% SEV and 0.3% SEV). Anesthesia 

was given by target dose of sevoflurane for 45min and IA 

(0.4mA 2s) was followed to every subject immediately 

after inhalation. The memory retention latency was 

observed 24hs after. Another serial of rats were killed for 

hippocampal tissue examination after first IA by western-

blot and PCR. 

Results: 24h IA performance was compared among 

groups. 0.11% SEV displayed an elevation of memory 

retention while 0.3% SEV descended, both showed 

statistical difference with sham (air) group. PCR analysis 

of Arc mRNA levels showed that subanesthetic doses of 

sevoflurane did not change Arc transcription level between 

groups. However, 0.11% sevoflurane significantly increased 

Arc protein in the hippocampus, while 0.3% sevoflurane 

reversed this (* P < 0.05, compared with the sham group). 

There was no difference in total ERK between groups. 

Expression of phosphorylated ERK was significantly 

increased according to the increased concentration of 

sevoflurane. 

Conclusion: ERK is down-regulated with hippocampal 

ARC expression in sevoflurane induced bidirectional 

regulation of memory, and potentially in a translational 

level of modification.

In Vivo and Ex Vivo Effects of Propofol 
on Myocardial Performance in Rats with 

Obstructive Jaundice

Hong-mei Ren1!� Y
>?���
����2, Chi-wai Cheung3, Kun-
ming Tao2!� $
��>�����"���2, 
Wu-rong Chen1!�[�
>�������2*

1 . D e p a r t m e n t  o f 
Aanesthesia, Putuo Hospital, 
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Care, Eastern Hepatobiliary 

Surgical Hospital, the Second Military Medical University, 
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3.Department of Anaesthesiology, University of Hong 
Kong, Hong Kong, China

 

Background: The responsiveness of “jaundiced heart” 

to propofol has not been fully elucidated. The purpose 

of this study aims to evaluate the effect of propofol on 

myocardial performance in rats with obstructive jaundice.

Methods: Male Sprague-Dawley rats (n=40) were 

randomly allocated into two groups. Twenty received bile 
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duct ligation (BDL) whilst same number of rats underwent 

sham operation. Seven days after the surgery, three 

concentrations of propofol were administered in vivo and 

ex vivo (Langendorff) preparations. Heart rate (HR), left 

ventricular end-systolic pressure (LVESP) left ventricular 

end-diastolic pressure (LVEDP), maximal rate for left 

ventricular pressure rising and declining (±dP/dtmax) were 

measured. Performance of the rat hearts toward propofol 

was examined using above indexes of cardiac function.

Results: Impaired basal cardiac function was observed 

in the BDL isolated hearts, whereas indexes of basal cardiac 

function, LVESP and ±dP/dt, in vivo were significantly 

higher than those receiving sham operations. With low or 

intermediate concentrations of propofol, these indexes of 

cardiac function in both groups were within the normal 

physiological range and the responsiveness to propofol 

was unaffected by bile duct 

ligation. While propofol of 

the highest concentrat ion 

was administered, significant 

decline in cardiac function was 

found in BDL group. 

Conclusions : The basal 

cardiac performance was better 

in vivo but worse in ex vivo 

in the BDL group than in the 

sham controls. Propofol of low 

and intermediate concentration 

appears not to have significant negative effect in cardiac 

function of rats with obstructive jaundice. 

O M E G A - 3 P o l y u n s a t u r a t e d F a t t y 
Acids Protect against Ischemic Damage 
Via Formation of Phosphatidylerine and 
Activation of the Akt Signaling Pathway

Wen-ting Zhang1,2, Hong Shi1,2, Hai-lian Wang1, Hui 
Gao2!�"�
>���Y�2!����>?
��L��2!� $�������!�[�
>V
��
Y
���1

1.Department of Anesthesiology of Huashan Hospital, 
Fudan University, Shanghai

2.State Key laboratory of Medical Neurobiology, 
Fudan University, Shanghai

Abstract: Recent studies have demonstrated that 

dietary supplementation or pharmacological administration 

of omega-3 polyunsaturated fatty acids (n-3 PUFA) confers 

remarkable neuroprotection in models of cerebral ischemia 

or neonatal hypoxic/ischemic brain injury. While it is likely 

that n-3 PUFA treatment attenuates ischemic brain injury 

by directly protecting neurons and by ameliorating cerebral 

pro-inflammatory reactions, the precise mechanism 

underlying the neuroprotective effect of n-3 PUFA is poorly 

understood. The present study was aimed to investigate the 

role of the Akt pro-survival signaling pathway in mediating 

neuroprotection conferred by 

n-3 PUFA in both in vitro and 

in v ivo models of hypoxic/

i schemic neuronal in jur y. 

D i e t a r y s u p p l e m e n t a t i o n 

of n-3 PUFA began at day 2 

of pregnancy in the dams. 

Hypoxic/ischemic (H/I) brain 

injury was induced in 7-day-

old newborn rats by means 

of ipsilateral common carotid 

artery occlusion followed by 

hypoxia (8% oxygen for 2.5 hrs). Brains were assessed for 

cell death and PI3-K/Akt activation at 0-24 hrs after H/I, 

and for cerebral tissue loss at 7 days after H/I. Neurological 

performance was analyzed in additional animals using gait 

testing and righting reflex up to 2 weeks after H/I. Oxygen-

glucose deprivation (OGD) was induced in primary 

cortical-neuron cultures to study the direct neuroprotective 

effect of n-3 PUFA, where DHA or EPA (0-40 μM) was 

applied to cultures 24 hr prior to OGD. Supplementation of 

n-3 PUFA protected against H/I in neonatal rats, resulting 

in significantly reduced brain tissue loss and neuronal 
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apoptosis, and improved neurological performance after 

H/I. Activation of the PI3-K/Akt pathway was diminished 

in H/I brains, whereas n-3 PUFA treatment promoted this 

survival pathway. To further support an essential role of 

PI3-K/Akt in mediating neuroprotection, intracerebral 

administ rat ion of the PI3-K inhibi tor LY294002 

significantly ablated the neuroprotective effect of n-3 PUFA 

in H/I animals. In primary neuron cultures, DHA and EPA 

protected against OGD-induced mitochondrial damage 

and cell death, which was also dependent on the PI3-K/Akt 

activity. In conclusion, n-3 PUFA protects against hypoxic/

ischemic neuronal injury in neonatal rats and in cultured 

neurons. The direct neuroprotective effect of n-3 PUFA is 

mediated, at least in part, by facilitating the activation of 

Akt.    

S e v o f l u r a n e 
Preconditioning Alters 
Expression of MiR-15b 
following Transient Focal 
Ischemic Injury in Rats

H o n g S h i 1 , 2 ,  We n - t i n g 
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200032, China

Objective: Neuroprotection afforded by sevoflurane 

preconditioning has been demonstrated in different labs, 

yet the underlying mechanism is poorly understood. As 

playing important roles in gene regulation, microRNAs 

(miRNAs) are believed as indispensable involvers in the 

pathogenesis of cerebral ischemia that causes significant 

morbidity and mortality. However, it has not been 

described whether sevoflurane preconditioning alters 

miRNA expression. In this study, we reveal the miRNA 

expression profile following transient cerebral ischemia in 

rats and related roles of sevoflurane preconditioning. 

Methods: Male Sprague-Dawley rats were exposed 

for 30 min/day on 4 consecutive days to ambient air or to 

2.4% sevoflurane. Then rats were subjected to filament 

occlusion of the middle cerebral artery (MCAO) for 120 

min, and euthanized 3 days after MCAO. The microarray 

technology was applied to determine the global miRNA 

expression change following transient cerebral ischemia 

in rats (n=3/ group). The differentially expressed miRNAs 

were verified by real time PCR. 

Furthermore, we identified the 

expression of markedly changed 

miRNAs in rats of sevoflurane 

preconditioning. 

Results: There were 4 up-

regulated miRNAs (>2 fold) and 

9 down- regulated  miRNAs (< 

0.5 fold) exhibiting differential 

express ion between MCAO 

g ro u p a n d s h a m g ro u p o n 

the microarray chips. MiRNA 

prof i l ing exper iments have 

shown that miR-15b is expressed at hight levels in stroke 

rats, but sevoflurane preconditioning  decreased the 

boosted level of miR-15b. miR-15b has been shown to 

play very important roles in regulating cell apoptosis by 

targeting the antiapoptotic Bcl-2 gene. Thus, sevoflurane 

preconditioning may protect brain against ischemic injury 

by reducing the elevated expression of miR-15b. 

Conclusion: Our results demonstrated that sevoflurane 

preconditioning markedly depressed ischemia-induced 

up-regulation of miR-15b, and this may account for its 

neuroprotective effects at 72 h after ischemic injury in rats.

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Special Report 131 FAM 2011  Mar/Apr  Vol.18 Issue 2

40

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Special Report 132 FAM 2011  Mar/Apr  Vol.18 Issue 2

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Special Report 133 FAM 2011  Mar/Apr  Vol.18 Issue 2

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Special Report 134 FAM 2011  Mar/Apr  Vol.18 Issue 2

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Special Report 135 FAM 2011  Mar/Apr  Vol.18 Issue 2

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Special Report 136 FAM 2011  Mar/Apr  Vol.18 Issue 2

HS014 CCI

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Special Report 137 FAM 2011  Mar/Apr  Vol.18 Issue 2

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Special Report 138 FAM 2011  Mar/Apr  Vol.18 Issue 2

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Special Report 139 FAM 2011  Mar/Apr  Vol.18 Issue 2

GSK-3

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Special Report 140 FAM 2011  Mar/Apr  Vol.18 Issue 2

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Special Report 141 FAM 2011  Mar/Apr  Vol.18 Issue 2

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Special Report 142 FAM 2011  Mar/Apr  Vol.18 Issue 2

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Special Report 143 FAM 2011  Mar/Apr  Vol.18 Issue 2

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Special Report 144 FAM 2011  Mar/Apr  Vol.18 Issue 2

 !"#$%&'()*+,-./01123�(4+,)*2,56789:;<



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2145

��������
��I��	
���������V�����������"���������K��
����

Clinical Anesthesia Management



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2146Clinical Anesthesia Management

Clinical Anesthesia Management



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2147Clinical Anesthesia Management

Clinical Anesthesia Management



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2148

Medical Equipment Management and the Safety of Patients in Anesthesia Department

Corresponding Author Wei-feng Tu E-mail:wftuyx02@163.com

Clinical Anesthesia Management



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2149Clinical Anesthesia Management

Clinical Anesthesia Management



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2150Clinical Anesthesia Management

Clinical Anesthesia Management



Laboratory and Clinical Investigation FAM 2011 Mar/Apr  Vol.18 Issue 2Conference Report

Practices of Anesthesia and Resuscitation in Transnational Emergent Medical 
Relief Following Cyclone Nargis

Objective To explore the importance of anessthesia and resuscitation during emergent medical relief following Cyclone Nargis. 
Method The experience and comprehension were retrospectively summarized in the transnational emergent medical relief following the “5·02” Cyclone 

Nargis.  
Result There was a lot of irrationality in anesthesia-related drugs and consumed medical materials. Fifty-eight operations were completed during the 
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postoperative pain was intravenously relieved. The patients to be stayed and observed or to receive transfusion therapy had more than 80 person-time. The 
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illness that was gotten to be cured for the shortages of doctors and medicines.

Conclusion When emergent medical relief was needed to be attended after 2w of postdistrass, the focal points of anesthesia and resuscitation should 
rescue and care the patients with infective illness induced by diversed injuries subjected during the period of distrass but not to be gotten in time medical 
treatment and to need emergent surgical management. Therefore, the preparations of anesthesia-related equipment, items, comsumed medical materials, 
medicines and so on were albe to shoot the arrow at the target. 
         Key Words transnational medical relief; Cyclone Nargis; anesthesia; resuscitation
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Welcome Message of CSM 2011 Shanghai Satellite Meeting — 'East Meets West——
Anesthesiologist Talks Today'

In order to better promote the solidarity, cooperation, 

friendship and academic achievement of CSM2011, the Chinese 

Society of Anesthesiology will hold the satellite meeting with the 

theme of “East Meets West——Anesthesiologist Talks Today” 

from May 19th to May 20th, 2011, in Kerry Hotel Pudong, 

Shanghai (No.1388 Hua Mu Road, Pudong, Shanghai, 201204, 

China). This Satellite Meeting will comprise of a one-and-a-half 

day programme commencing on the afternoon of 19 May with 

hospital visits. Kerry Hotel Pudong, Shanghai is the first of a new 

luxury hotel brand of the Shangri-La group located in the heart 

of Pudong. Within easy reach of the Shanghai New International 

Expo Centre, and downtown. This Satellite Meeting will provide 

an invaluable opportunity for delegates to meet with specialists in 

China, visit local hospitals and sample the wonderful history and 

culture of Shanghai.

Shanghai is located 1300km (2 ½ hours flying time) from 

Hong Kong, on China’s Eastern coast, and at the mouth of the 

Yangtze River. It is the most populous city in the world and one 

of the most prosperous cities in China. It has a fascinating history 

and rich cultural heritage, welcoming people and an abundance of 

tourism resources. It is regarded as a centre of commerce between 

East and West and has become a multinational hub of finance 

and business.  The city is renowned for its historical landmarks 

such as the Bund and City God Temple, and its modern and ever-

expanding Pudong skyline including the Oriental Pearl Tower.

When you come, you will see the great achievements that 

have been made in the 30 years since China adopted the opening 

policy and get a feeling for the on-going development and 

progress of Mainland China for yourself. We sincerely invite you 

to come to Shanghai and join us in working with the Chinese 

Society of Anesthesiology to make the satellite meeting of 

CSM2011a great success.

We are looking forward to meeting you at the event.

Meeting Chairman
Yu Buwei M.D., Ph.D.

President, Chinese Society of Anesthesiology (CSA)

Chair, Department of Anesthesiology, Ruijin Hospital, 

Shanghai Jiaotong University, School of Medicine, Shanghai, 

China

Chief Editor, Forum of Anesthesia & Monitoring 

Meeting Executive Chairman
Yu Weifeng M.D.,Ph.D.

Vice Secretary-General & Member of Standing Committee, 

Chinese Society of Anesthesiology (CSA)

Professor, Department of Anesthesia & Intensive Care, 

Eastern Hepatobiliary Surgery Hospital, the Second Military 

Medical University

Website:  http://www.csaol.cn; http://www.ehbhane.com

2011
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Welcome Message of the 1st Global Conference of Chinese Anesthesiologists GCCA in 
Shanghai, 2011

In order to better promote the solidarity, cooperation, 

friendship and academic achievement of global Chinese 

anesthesiologists, the Chinese Society of Anesthesiology (CSA) 

will hold the first Global Conference of Chinese Anesthesiologists 

(GCCA) with the theme of “Innovation Decides Tomorrow---- 

Anesthesiologist Talks Today” from May 19th to May 20th, 2011, 

in Kerry Hotel Pudong, Shanghai (No.1388 Hua Mu Road, 

Pudong, Shanghai, 201204, China).   

Looking at the development of modern anesthesia, Chinese 

and ethic Chinese anesthesiologists have made remarkable 

academic achievements and an indelible contribution. The goals of 

this conference are to promote the development of anesthesia, pain 

and critical care medicine, enhance the friendship of fellow Chinese 

anesthesiologists, further improve their research capabilities and 

clinical services, and ultimately benefit their patients. 

Shanghai, also known as the Pearl of the Orient, is one of 

the best examples where East meets West. When you come, you 

will see the great achievements that have been made in the 30 

years since China adopted the opening policy and get a feeling 

for the on-going development and progress of Mainland China 

for yourself. You will also have the opportunity to enjoy the 

beauty of Shanghai, its long history and unique Shanghai culture, 

a combination of Chinese and Western elements. We sincerely 

invite you to come to Shanghai and join us in working with 

the Chinese Society of Anesthesiology to make the first Global 

Conference of Chinese Anesthesiologist a great success.

We are looking forward to meeting you at the event.

1st Global Conference of Chinese Anesthesiologists 
Chairman

Yu Buwei  M.D., Ph.D.

President, Chinese Society of Anesthesiology (CSA)

Chair, Department of Anesthesiology, Ruijin Hospital, 

Shanghai Jiaotong University, School of Medicine, Shanghai, 

China

Chief Editor, Forum of Anesthesia & Monitoring 

1st Global Conference of Chinese Anesthesiologists 
Executive Chairman

Yu Weifeng M.D.,Ph.D.

Vice Secretary-General & Member of Standing Committee, 

Chinese Society of Anesthesiology (CSA)

Professor, Department of Anesthesia & Intensive Care, 

Eastern Hepatobiliary Surgery Hospital, the Second Military 

Medical University

Website:  http://www.csaol.cn; http://www.ehbhane.com

2011 GCCA
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Distinguished Guests,
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like to take this opportunity to express my sincere thanks to all of 
you for taking the time from your busy schedule to attend to this 
meeting. 

Pedia t r ic anes thes io logy has grown f rom genera l 

anesthesiology into one of the sub-disciplines of anesthesiology, 
gaining attention by the world of the medical profession in recent 
years. Children are no longer regarded as miniatures of adults 
;�������������
������
��	��
�����������V���������
�	�������	�������
problems remain to be solved. Modern clinical pediatric anesthesia 
requires applying new techniques and methods according to their 
anatomic physiological needs, efficacy and pharmacokinetic, 
psychological characteristics of pediatric. They need special clinical 
norms, instruments, to further carry out basic research and clinical 
studies on the pediatric anesthesiology, as well as on the clinical 
training.

The 2011 Chinese Annual Pediatric Anesthesiology 
Conference & the 2nd China-US Pediatric Anesthesia Symposium 
is to be held in the lovely and picturesque city of Sanya, May 27-
^�!�^`jj!�������;����
������
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Anesthesiology Branch of Hainan Medical Association, Hainan 
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honored to invite well-known experts from China and USA to make 
presentations on a variety of topics regarding pediatric anesthesia 
clinical skills, research and training. We believe it is a good 
opportunity to exchange ideas and promote cooperation for further 
development of pediatric anesthesiology locally and across the 
boundaries of nations.

We wish you most fruitful days of interesting and stimulating 

�����
�����������
������{��\	���]�=�������������������]�=�����
Shanya, China.

Thank you very much.
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