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A Westem bolts showes HspT0 protein expression m the corex of
MICAL mice with or without MP: B, Ouantitative analysis of Hap70
proiein expression in the coriex of MCAOQ mice. 5, cortex of sham
proup, L ischemic core, P, penumbra, C, comtralateral o socloded
hemisphere. *P<(L.03 compared with sham group, #P<0.05 com-
pared with MOCAD group,
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Morphine preconditioning can attenuate MCAO-induced ischemic injuries, the protective
effect maybe time-dependent. Increment of HSP7() in penumbra might be
ed in the neuroprotection.
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Instructions for Authors

Types of Papers
Eight types of articles are published.

1.Clinical Investigations

2.Laboratory Investigations

3.Review Articles

4.Case Reports/Case Discussion

5.Technical Communications

6.Clinical Experience

7.Letters to the editors

8.Others (including continuing education, subject construction,
comprehensive information, etc.)

Maximum Word Allowance

1.Clinical Investigations: 3000 words ( excluding Abstract)
2.Laboratory Investigations: 3000 words ( excluding Abstract)
3.Review Articles: 4000 words

4.Case Reports/Case Discussion: 800 words

5.Technical Communications: 1500 words

6.Special Articles: 2000 words

7 Letters to the editors: 200 words

Arrangement of Articles
Arrange all articles in the following order.

1.Title page

2.Abstract and Key Words ( not required for all article types )

3.Body Text ( Introduction, Materials and Methods, Results, Discussion )
4.References

5.Tables ( each table should be a separate file )

6.Figures ( each figure should be a separate file) and Figure Legends

Detailed Information

Title Page ( Page 1). It includes:

1.Title

2.First name and surname of each author with his or her highest
academic degree ( M.D., Ph.D., etc. ) and academic rank ( Professor,
Associate Professor, etc. )

3.Mailing address, phone, fax numbers, e-mail address, the department,
institution, city, state and country of the corresponding author

4.Individuals or organizations to be acknowledged. Provide complete
name, degrees, academic rank, department, institution, city, state and country

5.Abstract and Key Words ( new page). Abstract contains for
paragraphs of Background, Methods, Results and Conclusions, with the
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Hsp70 Participated in Delayed Neuroprotection Against
Permanent Focal Cerebral Ischemia in Mice Induced by

Morphine Preconditioning

Ya Liu', Zhen-ming Dong’, Bing-xi Zhang’
1.Department of Anesthesiology, the Second Hospital of Hebei Medical University, Shijiazhuang, 050000, China
2.Department of Anesthesiology, Capital Medical University Affiliated Beijing Tongren Hospital, Beijing 100730, China

Abstract

Objective: We previously demonstrate that morphine preconditioning (MP) can induce ischemic tolerance in hippocampal slices from mice, and
PKCy and PKCe participated in MP-induced neuroprotection. In the present study, a mice permanent ischemia model was used to examine whether
pretreatment with morphine has neuroprotective effects. If so, this neuroprotection is associated with induction of HSP70 in the brain.

Methods: Morphine 10mg/kg were injected intraperitoneally at 12, 24, 48 and 72 hours before permanent left middle cerebral arterial occlusion
(MCAO), the neurological evaluations were performed 6h after MCAO, then infarct volume (%) and the protein expression levels of HSP70 in penumbra
were determined.

Results: Application of morphine 12h or 24 hours before MCAO had better neurologic deficit scores, and reduced brain infarct volume for about
26.3% and 14.6% compared to that of control group. Compared with that of Sham group, HSP70 expression in mice under MCAO increased significantly
(P<0.05). Especially, there was much higher expression of HSP70 in the penumbra of MP group but not in the ischemic core and contraletaral compared
with that of MCAO group.

Conclusions: Morphine preconditioning can attenuate MCAO-induced ischemic injuries, the protective effect maybe time-dependent. Increment of
HSP70 in penumbra might be involved in the neuroprotection.

Key words:Morphine; middle cerebral arterial occlusion; neuroprotection, preconditioning; HSP70

Corresponding Author: Bing-xi Zhang, E-mail:zhangbingxi_trhospital@yahoo.cn

Introduction or at 24h before a 35min oxygen—glucose deprivation

Stroke is a disabling disease for its huge impact on (OGD, to simulate ischemia in vitro) reduced the OGD-
human health. In developed nations, stroke is the third  induced neuronal death in the CA1 region of the rat
leading cause of death, only surpassed by heart disease ~ hippocampal slice cultures, which was defined as morphine
and cancer”. Studying how to reduce ischemic neuronal  preconditioning (MP). Our previous study had shown that
death has been a major focus of medical research. However, =~ MP can induce ischemic/hypoxic tolerance in hippocampal
effective and safe methods for reducing ischemic brain  slices from mice, and PKCy and PKC ¢ participated in MP-
injury clinically have not yet been established. Some  induced neuroprotection® . There have been suggested
evidence have revealed the involvement of endogenous  that cytoprotection provided by preconditioning can be
opioids in the pathophysiology of stroke*'!, opioids have  divided into immediate phase and delayed phase, opioids
also been reported to be involved in preconditioning, = may induce a delayed preconditioning effect in the brain. In
especially in ischemic heart models'>'>'"?*2° The this study, we used in vivo middle cerebral artery occlusion
phenomenon of preconditioning has been first observed ~ (MCAO) model to test whether or not MP can induce

on dog heart and later on rodent brain'®"

, it has been  delayed phase neuroprotection.

demonstrated that ischemic preconditioning can also be Heat shock protein (HSP) is a family. It is well
mimicked by administration of drugs including opioids.  established that the heat shock protein (HSP) family
Morphine, a non-selective opioid receptor agonist, is  has robust cytoprotective effects. HSPs including HSP70
an analgetic agent used in clinical practice for a period  have been shown to be induced in the brain by a variety
of time. The opioid receptors including 6, and x are  of pathological insults including cerebral ischemia’. A
widely expressed in the central nervous system”>'®. It has  neuroprotective role of HSP70 in cerebral ischemia is

been reported that exposure to morphine immediately  supported by the observations that its overexpression is
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correlated with the survival of cells following the ischemic
insult ’.

Therefore, in the present study, we used a mice
permanent ischemia model to examine whether
pretreatment with morphine has neuroprotective effects
in reducing infarct volume and neurological deficits, if so,
to assess whether this neuroprotection is associated with
induction of HSP70 in the brain.

Materials and Methods
Male BALB/C mice each weighing 18-20g were used in

the experiments. The animals were housed in an air-
conditioned environment with constant temperature and
a standard light/dark schedule. All experimental protocols
were approved by the University Animal Care and Use
Committee of Capital Medical University and were
consistent with the NIH policy on the use of experimental
animals, all efforts were made to minimize the number
of animals used and their suffering. Morphine and other
reagents unless specified below were purchased from Sigma
Company (St. Louis, MO, USA).

Drug Application and MCAO Model

Twelve, 24, 48, or 72 hours after a single intraperitoneal
injection of 10 mg/kg morphine or 0.2ml normal saline,
mice were anesthetized by intraperitoneal injection of
pentobarbital sodium (0.6g/kg). Left permanent focal
brain ischemia was induced using an intraluminal filament
technique as described previously with modifications 14.
In brief, the common carotid artery (CCA), the external
carotid artery (ECA), and the internal carotid artery (ICA)
were dissected from surrounding connective tissues via
a ventral neck midline. Common and external carotid
arteries were ligated, and the internal carotid artery was
temporarily closed, a monofilament (diameter 0.18mm
with tip 0.23mm, Beijing Shadong Biotech Co Ltd, China)
was advanced through the internal carotid artery to occlude
the MCA. After securing the filament in place, the surgical
site was closed. Sham-operated mice were manipulated
in the same way except the MCA occlusion. Temperature
was maintained with thermal blanket, mice were placed
in a postoperative cage after surgery and allowed free
access to food and water. Six hours after surgery, animals
were assessed for neurologic deficit score and then were

euthanized, the brain removed, and the infarct volumes
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were evaluated.

Neurological Evaluation

The neurological evaluations were performed 6
hours after MCAO according to the methods described
by Rodriguez,R. Animals with successful occlusion of the
MCA showed gait disturbances with circling or walking
to the right. The scoring was performed by a blinded
observer of the treatment condition. The score used was
as follows: 0: normal (no neurological dysfunction); 2:
slight decrease in mobility and the presence of passivity; 4:
moderate neurological dysfunction and includes additional
alterations, such as moderate hypomobility, flattened
posture, lateralized posture, hunched back, ataxic gait,
decreased body tone and muscular strength and slight
motor incoordination; 6: corresponds to more handicapped
animals but still able to walk, with more marked
hypomobility, circling, tremor, jerks and/or convulsions,
forelimb flexion and moderate motor incoordination; 8:
corresponds to respiratory distress, and total incapacity
to move/coordinate; 10: death due to sequential common
carotid artery sectioning (SCAS). In all cases, where criteria
for the precise grade were not met, the nearest appropriate
number was utilized: 1, 3,5, 7 and 9.

Measurement of infarct volume

At the termination of the experiment the animals
were anesthetized and decapitated. The brain was quickly
removed and sliced into 5 coronal sections at 1.5-mm
intervals. Each slice was immersed in a 2% solution of
2,3,5-triphenyltetrazolium chloride (TTC; Sigma, St. Louis,
MO, USA) for 15 min at 37°C and then fixed in a 10%
formaldehyde solution. Slices were photographed and
infracted (unstained) and uninfarcted (red color) areas were
measured with Image Pro Plus 6.0 software. To account for
the effect of edema, infarct size was estimated indirectly by
subtracting the uninjured area in the ipsilateral hemisphere
from the contralateral hemisphere, and expressing infarct
volume as a percentage of the contralateral hemisphere.

Whole tissue homogenate preparation

To determine the protein expression levels of HSP70,
protein extracts were generated from cortex as our previous
reports. The frozen samples were thawed and homogenized
at 4 C in buffer [50mM Tris—Cl, pH 7.5, containing 2mM
dithiothreitol, 2mM EDTA, 2mM EGTA, 5 mg/ml each of
leupeptin, aprotinin, pepstatin A, and chymostatin, 50mM
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KF, 50nM okadaic acid, 5mMsodium pyrophosphate,
ImMorthovanadate, and 2% SDS] with a pestle motor
(Kontes; Sigma) and sonicated to dissolve the tissue
completely. The protein concentrations were determined by
BCA kit (Pierce Company, USA).

SDS-PAGE and Western blot

As our previous reports, 20ug of total protein from
each sample were loaded per lane for 10% SDS-PAGE gel.
After electrophoresis, protein was transferred onto the
nitrocellulose membrane (Schleicher and Schell, USA) at
4°C. The membrane was washed for 10 min with TTBS
(20mM Tris—Cl, pH 7.5, containing 0.15MNacCl, and
0.05% Tween-20) followed by the blocking solution with
10% nonfat milk in TTBS. The membrane was incubated
with primary mouse polyclonal antibodies (Santa Cruz
Biotechnology, Inc, USA) of HSP70 at 1:1000 dilutions
for 3 h at room temperature. and was again followed by
incubation with horseradish peroxidase-conjugated goat
anti- mouse IgG (Amersham, USA) as second antibodies at
1:5000 dilution for 1 h. The membranes were washed three
times (each for 10 min) in TTBS after the incubation with
the primary or secondary antibodies. Finally, the ECL plus
Kit (Perkin-Elmer Life Science, USA) was used to visualize
the signals. As an internal control, the expression of actin
(Sigma, USA) was detected at the same time. The relative
optical density of bands from each sample was normalized
against that of actin respectively, the ratio of the values
of group Sham was regarded as 100% and the data from
other groups were expressed as the percentage of that from
control. Quantitative analysis for immunoblotting was
done after scanning of the x-ray film with Quantitativeone
software (version 4.23, Gel Doc 2000 imaging system, Bio-
Rad, USA).

TABEL 1.Effects of different interval between MP and

MCAUO on the neurological deficit scores of mice ( n=6)

Groups Neurological deficit scores
o | v |23 ]4]5]6]7|8]9]10
Sham 3 2 1
MCAO 2 3 3
MP12h* > 3 >
MP24h* 1 3 1 N
MP48h 5 >
MP72h 1 3 > 1

The neurologic deficit scores after MCAO were assessed as described
in the”Materials and methods”, each number represents the amount of
animals.*P<0.05, vs group of MCAO.

Cover Thesis

obood

Statistical Analysis

The presented values are expressed as meantS.E. from
at least six independent experiments. Statistical analysis was
conducted by one-way analysis of variance followed by all
pairwise multiple comparison procedures using Bonferroni
test. Neurologic deficit scores were analyzed by Mann-Whitney

rank sum test. The significance was regarded as p < 0.05.

Results

Morphine Preconditioning Improved Neurologic
Outcome

The results of neurological assessments are displayed
in tablel. Mice exposed to morphine at 12h and 24 hours
before the permanent left MCAO had better neurologic
deficit scores than mice that were injected with normal
saline before the MCAO (p < 0.05). However, injection of
morphine at 48h or 72h before the MCAO did not improve
the neurologic deficit scores.

Morphine Preconditioning Attenuated Infarct Sizes

Mice exposed to morphine at 12h and 24 hours before
the permanent left MCAO had smaller infarct sizes and
edema rates than mcie that were injected with normal saline
before the MCAO (p < 0.05). Infarct size (%risk area) was
reduced from 31.69+1.71% in control to 23.34£1.98% in the
morphine 12h group and 27.07£1.59% in the morphine 24h
group (p < 0.05 vs control). These were 26.35% and 14.58%

reduction compared with the control group. However,

Sham  MCAD  MPilh

MHFh

Figure 1A: Photographs of 5 representative coronal sections
from each group. 1.5-millimeter-thick brain sections were
cut and stained with TTC. The unstained areas represent the
infarcted brain tissue. Sham: Sham group; MCAO: middle
cerebral artery occlusion; MP: morphine preconditioning +
MCAO.
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injection of morphine at 48h or 72h before the MCAO did
not attenuate infarct sizes, there were 28.84+0.95% and
30.32+1.56% respectively. See Figl A and FiglB.

Morphine Preconditioning Increased Expression
of HSP70 in Penumbra Area

To elucidate the potential mechanism involved
in the delayed neuroprotection induced by morphine
preconditioning. Tissue samples were collected from left
cerebral cortex of Sham group, ischemic core (I), penumbra
(P) and contralateral cortex (C) from both MCAO and
10mg/kg 12h MP groups. Western blot analysis was used
to determine HSP70 protein expression levels. Compared
with that of Sham group, HSP70 expression in mice under
MCAO increased significantly (P<0.05). Especially, there
was much higher expression of HSP70 in the penumbra of
MP group but not in the ischemic core and contraletaral
compared with that of MCAO group. See Fig2.

Discussion
The intraluminal thread model is well established to

induce focal cerebral ischemia and has been widely used in
ischemia experiments, most investigators chose a survival
period between 4h and 3 days. Results of the present study
indicate that systemic administration of morphine 12h
or 24 h before MCAO reduced the infarction size and

improved neurological outcome in mice. In previous study”

Indurcd Sare %]

MCAD
Figure 1B: Infarct volumes and edema rates of each group.
Infarct volumes and edema rates were expressed as the
percentage of total brain volumes. There were significant
reduction in infarct volume and edema rate in the MP12h and
MP24h. (*P<0.05, vs group of MCAO alone, n=6).
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*, morphine at the dose of 2mg/kg or 50mg/kg, which
are much different with that used in this study, caused
delayed neuroprotection in the MCAO models of rats. It
seems that more detailed dose-response studies will need
to be performed to make clear the in vivo neuroprotection
induced by morphine preconditioning. Our results indicate
that the neuroprotection of morphine seemed to have a
certain time-window, for this neuroprotective effects does
not appear long-lasting, which is similar to that found by
some other researchers®. Delayed preconditioning has
the potential to extend the time window for therapy, thus,
MP may provide a target for developing potential clinical
therapeutic approach, such as the treatment of cerebral
ischemic/hypoxic injuries and application of morphine
before or during neurosurgical operations.

There is growing evidence to support opiate-induced

A. Western blot
HepTd ;
oo ———

B-actin
(4209
Sham | P © P
MP MCAD
B. Quanfitative analysis
0 =5
g &= B, n=6
25 4 = C, S
5 20
i
g
3 1.5 1
a
E 1.0
5 4
. 4
5 I F & I F_C
ME MCAD

Figure 2: Effect of morphine preconditioning (MP) on Hsp70
protein expression in the cortex of MCAO mice(X+S, n=6).

A. Western bolts shows Hsp70 protein expression in the cortex
of MCAO mice with or without MP; B. Quantitative analysis
of Hsp70 protein expression in the cortex of MCAO mice. S,
cortex of sham group, I, ischemic core, P, penumbra, C,
contralateral to occluded hemisphere, *P<0.05 compared

with sham group, *P<0.05 compared with MCAO group.
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neuronal preconditioning and this may involve DOP
activation'” '***, Although acute phase of neuroprotection
induced by opioid may be mainly mediated by 81 receptors,
different opioids may activate different opioid receptors
to induce the delayed preconditioning effect in the brain
* 2 However, it is still unknown which opioid receptor
mediated the neuroprotection in our present study.

HSPs are members of molecular chaperones that are
essential for quality control of intracellular proteins, HSP
70 is the major inducible form of HSPs, there is a greater
part of evidence showing neuroprotective effect of high
Hsp70 expression®?"?. The results from Hampton,C.
R also indicate that inducible HSP70.1 and HSP70.3 are
required for acquisition of late but not early protection
against myocardial infarction following IP in a mouse
model of injury by using HSP70.1- and HSP70.3-null
mice’. However, the role of Hsp70 during ischemia is still
in controversy. Olsson,T et al reported that overexpression
of HSP70 following cerebral ischemia is just an indicator
of cell stress, it is not sufficient to effectively influence cell
death after global cerebral ischemia in the mouse®. Recent
review suggested that the roles of HSP70 are complex in
cerebral ischemia, it may participate in the regulation of
many intracellular processes including immune modulation
and extracellular signal transduction®. In our present
study, HSP70 protein expression was found increased in
penumbra in MP12h group.

Cerebral ischemia results in an infarct comprising of
central necrotic core and a physiologically ill penumbra, which
may gradually merge into the core or may regain its ability to
survive under certain conditions. So, we speculate that the role
of HSP70 in penumbra during ischemia is to protect brain
cells from injury through a variety of mechanisms such as

antiapoptotic, anti-inflammatory and so on. But we still don’t

Schematic diagram Typical ischemic areas in the brain slice after
TTC staining.l. ischemic core, P. penumbra, C. contralateral

region
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know that the higher expression of HSP70 is related to which
cell type (neuron, glial cells and endothelial cells), and whether
a set of HSPs (HSP27, 40, 70, 90) or a single HSP70 be induced
can’t be inferred in the present study.

It should be noted that our study was performed in
mice, it is not appropriate to extrapolate our results directly
to humans. In conclusion, our results demonstrated that
morphine preconditioning can produce delayed protection
against focal cerebral ischemia injury, increment of HSP70
protein expression in penumbra might be involved in the

neuroprotection.
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Abstract

Pentameric ligand-gated ion channels (pLGICs) are widely expressed

in the animal kingdom and are key participates of neurotransmission activated

by acetylcholine(ACh), y-amminobutyric acid(GABA),glycine and serotonin . The family members of pLGICs play an important role in physiology and
anesthesiology ,but the information as X-ray structure of an integral mammalian pLGIC is still lacking ,while the mechanism of general anaesthetics ,allosteric

modulators of brain pLGICs, and their binding sites are all poorly understood

It is now established that this family has a prokaryotic origin,since more than 20

homologues have been discovered in bacteria. In particular ,the bacterial homologue from Gloeobacter violaceus (GLIC),whose X-ray structure was recently

solved, making the first high-resolution understanding of the pLGICs family .GLIC displays a ligand-gated ion channel function and is also sensitive to clinical
concentrations of general anaesthetics, and even have more affinity than other family members.The progressing on the studying of general anesthetics-

sensitive GLIC ligand-gated ion channel is reviewed in this paper.
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The Effects of Epidural Analgesia on Gastrointestinal Motility in

Rabbits: A Comparison of Epidural Bupivacaine with Morphine

Jun-feng Chen, Ming Zhu

Department of Anesthesiology, ChangNing district central Hospital, Shanghai, 200336 China

Abstract

Objective:To examine the effects of morphine and bupivacaine epidural analgesia on gastrointestinal motility;

Methods:Thirty—two male rabbits were randomly divided into 4 groups according to the content of drugs which were given by epidural 0.4

ml-kg-1. group a:saline; group b:0.1% bupivacaine; group c:0.08% morphine, group d:0.1% bupivacaine 0.08% morphine compound. 20 ml-kg-1 Arab

glutin was given from the gastric tube after 60 minutes. The length of small intestine was full of Arab glutin (D)and the whole length of small intestine(L)

were measured to determine the rate of Arab glutin motion(D/L) in 13 minutes after infusing Arab glutin.

Results:The analgesia was satisfactory in group c, group b and group d than in group a(P<0.05), group d has the best result.The rate of Arab glutin

motion in group d and group b were both higher than that in group a and group ¢(P<0. 05).

Conclusion:Morphine plus bupivacaine administered in postoperative epidural analgesia can reduce opioid related side effects and get the best

analgesia.

Key words: rabbit; morphine; bupivacaine; epidural analgesia; gastrointestinal motility

There are some studies evaluating postoperative
gastrointestinal function comparing epidural local
anesthetics with epidural narcotics, but the results were
not obvious. The effect of various epidural analgesia
prescriptions on gastrointestinal motility in patients are still
under research.

The aim of this studying was to determine the effects of
various epidural analgesia drugs on gastrointestinal motility
by the basis of studies of epidural analgesia in rabbits.

Materials and methods
1.1 Selection of Animal Model: Thirty-two male adult

New Zealand white rabbits were selected, weighing 2.0 to
3.0 kg. All the animals received epidural catheterization
with lumbar dermotomy, following 20% urethane
anesthesia. A 23-gauge epidural catheter was placed via
a nontraumatic route in the lumbar epidural space after
a 1-cm incision was made on the skin at the root of the
tail. The ligamentum was punctured to allow the catheter
to slide gently 10 cm into the epidural space and avoid
subperiosteal soft tissue dissection. The distal tip was fixed
to neck area through the subcutaneous tunnel. After rabbits
came to conscious, rabbits underwent epidural injection
with 1% lidocaine for 0.5ml to test the correctness of the
catheter location through motor block test "', Five days
after the surgery, the rabbits went through 48 hours of
jejunitas to ensure that the gastrointestinal tract was empty.

1.2 Experimental groups: Thirty-two male rabbits were
randomly divided into 4 groups and each group contains 8
rabbits. They are respectively Blank Control Group (group

Review and CME Lecture

a), Bupivacaine Group (group b), Morphine Group (group
¢) and Morphine+ Bupivacaine Group (group d): group a
received epidural analgesia with saline 0.4 ml-kg; group
b received epidural analgesia with 0.1% bupivacaine 0.4
ml-kg'; group c received epidural analgesia with 0.08%
morphine 0.4 ml-kg"; group d received epidural analgesia
with 0.1% bupivacaine and 0.08% morphine compound 0.4
ml-kg'.

1.3 Observation indexes: 15 minutes after the injection
for group a and group b, and 60 minutes after the injection
for group ¢ and group d, all groups went through gastric
feeding of 30% Arab gelatin and 10% of 20ml-kg" carbon
powder suspension. 13 minutes after the gastric feeding, all
groups received intravenous injection of 5% thiopentone.
20 ml air was also infused from the a vein on ear to put
rabbits to death, the dead rabbits were laid open and flat
without traction on a wooden board and laparotomization
took place immediately so that the stomach and intestine
were taken out completely. The overall length from pylorus
to the cecum (L) and the length of small intestine full of
Arab glutin (D) were measured to determine the rate of
Arab glutin motion (D/L)

1.4 Statistical analysis: All dates are expressed as
mean £SD (X+s); Analysis of variance was applied in the
intergroup analysis (F analysis). For P<0.05, t analysis was
applied for pair comparison.

Results

The intergroup analysis of the rabbit weight of four
groups shows no statistical differences (P>0.05). The rate
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of Arab glutin motion in group d and group b was higher
than that in group a and group ¢ (P<0.05) and the rate of
Arab glutin motion in group b was the highest.

Discussion
Postoperative ileus, intestinal obstruction, and

a temporary inhibition of intestinal are universal
complications after major abdominal surgery. The earliest
report of the treatment for postoperative ileus can even be
traced back to 1932 /. Although researchers suggest that
epidural analgesia can significantly shorten the duration
of postoperative ileus, and thus shorten the hospital stay as
well as the medical costs ©*!, many researchers expressed their
worries that epidural analgesia or anesthesia may increase
the intestinal anastomotic leakage /.

Physiological researches on gastrointestinal motility
have shown that although intestinal motility can be
activated after all neural input being blocked by a variety
of physical and chemical methods "), its systolic function
is also regulated by other types of neural and humoral
factors. Surgical stress and postoperative pain causes
increased catecholamine secretion in patients to inhibit the
recovery of postoperative gastrointestinal motility. Good
postoperative analgesia can not only effectively inhibit the
increase of concentration of catecholamine and reduce
the postoperative stress response, but also can reduce
the complications caused by stress which is conducive
to recovery of gastrointestinal function. The inhibition
function of opioid analgesics on gastrointestinal motility
has been already well-known, and morphine functions at
the opioid receptors in the spinal cord and periaqueductal
gray (PAG), which can directly affect the small intestine
through the peripheral nerves to inhibit gastrointestinal
motility . Bupivacaine belongs to local anesthetics of
amide derivatives. As its effect is long, bupivacaine is
commonly used in epidural analgesia. At the same time, the
local anesthetic bupivacaine is applied to epidural analgesia
with opiate morphine. Because the two have different
mechanisms, the best analgesic effect can be obtained
through the synergy of the two .,

In this experiment, a preliminary analysis of the effect of
postoperative epidural analgesia with different formulations

gobooo

of bupivacaine and morphine on gastrointestinal motility
of rabbits is carried out, aiming to shorten the duration
of intestinal paralysis for clinical surgery and reduce
hospitalization time, as well as medical expenses of patients
and the society. The experiment engages in providing certain
preliminary theoretical basis for future studies.

The experiment results indicate that the integration of
the narcotic analgesics morphine and the bupivacaine of low
concentration can achieve better analgesia performance for
epidural analgesia while the two formulations did not show
the inhibition of intestinal peristalsis. The infusion of local
anesthetic in canalis spinalis blocked the sympathetic efferent
impulses, while the parasympathetic efferent impulse from
brain still exists so that the peristalsis activity was enhanced
81, When morphine is applied with bupivacaine, the
analgesic effect and the local anesthetic sympathetic block
effect h speed up the recovery of gastrointestinal motility,
which may offset the gastrointestinal inhibitory effect of
morphine. In addition, in the combined application of
local anesthetics and morphine, morphine consumption
is decreased but studies have shown that small doses of
morphine had no effect on recovery of gastrointestinal
motility .

The current literature on clinical researches of epidural
analgesia on gastrointestinal motility has been largely
confined to the research of small samples, while the data of
block level, pain level and degree of sympathetic block is
insufficient. In the future, the research content should also
increase data measurement such as infusion of intestinal
blood flow to obtain the best epidural analgesia program,
including the ideal formula and individual dosage time.
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TABEL 1.Comparison of Rabbit Weight and Arab glutin motion(x+s)

Control Group(a) Bupivacaine Group(b) Morphine Group(c) Morphine+ Bupivacaine Group(d) F value P value
Weight 2.48+0.22 2.52+0.16 2.63+0.09 2.53+0.12 1.50 0.30
Motion rate 0.72+0.096 0.86+0.0342 0.74+0.042 0.87+0.018~ 10.37 0.01

Compared with Group ¢, #P<0.05
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Abstract

Objective: To research the changes of concentration of some endogenetic opioids peptides in blood and the expression of PPE and PPD genes in

lymph cells of patients under intravenous general anesthesia combined with epidural block during operation.

Methods: 15 ASA T -1I patients were treated with intravenous propofol TCI combined with epidural block. 4ml artery blood was collected at 0, 20,

40, 60, 80min since the beginning of operation. f-endorphin, Leucine-enkephalin and Dynorphin A were measured with radioimmunoassay. Lymph cells

were getted from 2.5ml arterial blood which was drawn at 0, 80min. RT-PCR was employed for the expression of PPD and PPE genes.

Results: The concentration of B-endorphin in plasma of patients decreased at 20, 40, 60, 80min since the beginning of operation as compared with

Omin, Leucine-enkephalin and Dynorphin A lowered down at 40, 60, 80min since the beginning of cutting. The expression of PPD/B-actin gene at 80min

was lower than that of Omin, and PPE/B-actin show no changes.

Conclusions: The expression of pre-endogenitic opioids peptides genes show no changes or decrease in patients under intravenous general

anesthesia combined with epidural block during operation.

Key words: General anesthesia; Epidural block; B-endorphin; Leucine-enkephalin; Dynorphin A; PPE; PPD; Gene expression
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Background

Human beings are composed of many special function
genes which adapt themselves to their environment; for
example, pre-endogenitic opioids peptides genes correlate
to pain-killing. When environmental stimulations
change into pain, these genes are activated and produce
many pre-endogenitic opioids peptides, the latter split
into endogenitic opioids peptides(EOP). For instance,
dynorphin comes from preprodynorphin(PPD),
B -endorphin from proopiomelanocortin(POMC),
enkephalin from preproenkephalin(PPE). EOP are
powerful analgetics which are produced in central
neurons, superarenal gland, spleen, thymus gland, lung,
lymph cells, etc.!"”. There are some natural endogenous
substances in mammal which function as analgesics similar
to opioids. It was provn that dynorphin could improve
the pain threshold"*'*, It was also reported that blood
EOP concentration increased markedly when the human
body was stimulated by acute pain®*, and decreased by
stimulating chronic pain””’. EOP was first found in pig
brains by Hughes'. They are efficient analgetics, 200ng

enkephalin which was injected into rat cerebral ventricle
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showed obvious analgesia.”’. EOP are also related with
learning and memory, cardiovascular activity, reproductive,
endocrine, immune systems'® .

Surgical operations can cause intense pain, the latter
can activate pre-EOP genes which manufacture pre-EOP.
Different kinds of anesthesia have the same purpose of
relieve pain, so the expression of pre-EOP genes may reflect
anesthesia methods. This study show the changes of EOP
concentration of plasma and the expression of mRNA of
pre-EOP genes in lymph cells of patients under intravenous

general anesthesia combined with epidural block.

Methods
1, This study was permitted by the local hospital

ethics committee and all patients gave their written
infomed concent. 15 patients who were scheduled to
undergo a pectoral or abdominal operation, 13 male and
2 female, ASA I -II, were interviewed and ensured no
cancer pain before operation. 15ml 0.5% bupivicaine was
injected after epidural acupuncture. After the blocking
margin included all of operation coverage, Graseby 3500

intravenous anesthesia pump and HXD- | were installed
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Review and CME Lecture .

to monitor BIS and MAP. The feedback stopping indexes
of propofol TCI were set at BIS<50 and MAP<70mmHg.
0.04-0.06mg-kg ' midazolum, 3-4pg-ml" propofol TCI,
2-3ugkg’ fentanyl, 1.5mg-kg" scoline were given separately
for tracheal intubation. 0.8-1.0pg-ml™” propofol TCI and
0.08-0.1mg-kg™" vecuronium were employed to maintain
anesthesia. 0.3MNa,EDTA80ul was used to anticoagulation
and 2000u aprotinin( § company) was added into 4ml of
arterial blood which was gathered at 0, 20, 40, 60, 80min
after cutting skin, and plasma was separated. Lymph cells
were taken from 2.5ml arterial blood which was drawn at 0,
80min. Inquiry all patients whether any perioperative pain
or sensorium esist or not after palinesthesia.

2, The concentration of B -EP, LEK, Dyn A in plasma
were tested by Radioimmunoassay.

3,RT-PCR for the expression of PPD and PPE genes.
After total RNA of lymph cells was drawn, mRNA was
reversely transcripted. The primer of PCR of cDNA of PPD
gene: (Sense primer) 5' GGTCCCAAACCTATCAATCC
33" (106) CCAGGGTTTGGATAGTTAGG (125) 5'.(Anti-
sense primer) 5' TGGCACCATCGTTCAGC 3',3' (466)
ACCGTGGTAGCAAGTCG (450) 5'. The primer of B -actin
gene: (Sense primer) 5' TGTGGCATCCACGAAACTA 3';
3' (814) ACACCGTAGGTGCTTTGAT (832) 5'.(Anti-sense
primer) 5' TCATACTCCTGCTTGCTGATC 3'; 3' (1088)
AGTATGAGGACGAACGACTAG (1068) 5', The primer
of PPE gene: (Sense primer) 5' TGGCTTGCGTAATGGAAT
3', 3' (137) ACCGAACGCATTACCTTA (154) 5'; (Anti-
sense primer) 5' CTCTGGGCGACCTACTCTT 3', 3'(663)
GAGACCCGCTGGATGAGAA (645) 5'. The production
of PCR was separated by electrophoresis in 1% Agarose,
the density of bands were calculated by Image Master
VDS(Pharmacia Biotech).

4, Statistics All deta are shown with Mean£SD, the deta
of any other time point are compared with Omin by test,

P<0.05 is considered to be statistically significant.

TABEL 1.the changes of B-EP, LEK, Dyn A in plasma
(MeanSD pg-mI™)

Omin 20min 40min 60min 80min
B-EP (n=15) | 46.3+11.1 | 31.3£13.3" | 26.9+15.4" | 18.9+15.7" | 19.8+14.7°
LEK(n=15) [321.7+40.1|280.5+29.3|259.6+18.8"| 192.3+25.3"" | 135.6+30.2"
Dyn A (n=15)| 130.5+25.0 [ 108.4+36.2 | 55.8+22.2" | 49.3+17.8" | 55.3+14.3"

As compared with Omin, "P<0.05, *"P<0.01
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Result

1, BIS of all patients was controlled near 50 during
operation, no pain or sensorium were complained
after palinesthesia among all patients. The changes of
B -EP, LEK, Dyn A in plasma are shown in table 1. The
concentration of B -EP in any other time points is lower
than Omin, the concentration of LEK, Dyn A at 40, 60,
80min are lower than Omin.

2, The RT-PCR results of mRNA of PPD and PPE genes
are shown in table 2. PPD/ B -actin decrease clearly at 80min

as compared with Omin, PPE/ B -actin show no changes.

Discussion
Pain, stress and many other stimulations can increase

the expression of pre-EOP genes. After the nerve impulses
of pain are conducted into the central nervous system,
many neurons and other cells synthesize and release EOP

19 It has been reported that lymph cells are important

places of synthesizing EOP"""),

Controlling and monitoring the depth of general
anesthesia has been a very important research area in recent
years. BIS, SEF, HRV, AEP, etc, have been considered the
indexes of reflecting the depth of general anesthesia">"").
In order to control the depth, BIS and MAP were set as
the indexes of feedback stopping of TCI propofol in this
study. The results show that no pain or sensorium were
complained after palinesthesia in all patients although the
concentration of TCI propofol(0.8-1.0pg-ml™) was low. The
concentration of B -EP, LEK. Dyn A in plasma decreased
or did not change during operation. PPD/ B -actin
decreased clearly at 80min as compared with Omin, and no
changes showed on that of PPE/ B -actin. All of these prove
that the expression of pre-EOP genes does not increase
during operation under intravenous general anesthesia
combined with epidural block.

The acting area of general anesthetics is from

TABEL 2.the density of production of RT-PCR (Mean+SD )

PPE B-actin |PPE/B-actin PPD B-actin | PPD/B-actin
Omin [26576.11+(25955.62+ 33883.55+ | 22702.74+
1.07+0.26 1.293+0.35
(n=15)| 9840.9 | 9785.55 1347.09 1403.78
80min |33086.55+| 28517.6+ 25683.79+ | 33650.03+
1.186+0.44 0.7101+0.28*
(n=15)| 1767.79 | 1054.9 1479.44 977.95
As compared with Omin, "P<0.05
NEEI8TTT
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Abstract

Objective: To research the changes of the concentration of some endogenetic opioids peptides in plasma and the expression of PPE and PPD genes

in lymph cells of patients under intravenous combined with general anesthesia during operation.

Methods: 15 ASA I -1l patients were treated with intravenous propofol TCI combined with inhaling isoflurane. 4 ml artery blood of Which

B-endorphin, Leucine-enkephalin and Dynorphin A were measured with radioimmunoassay was collected at 0, 20, 40, 60, 80min since the beginning

of operation. Lymph cells were getted from 2.5ml arterial blood which was drawn at 0, 80min respectively. RT-PCR was employed for the expression of

PPD and PPE genes.

Results: The concentration of f-endorphin and Leucine-enkephalin in plasma of patients increased at 20, 40, 60,80min as compared with Omin since

the beginning of operation, Dynorphin A enhanced at 40, 60min. The expression of PPD/B-actin and PPE/B-actin genes at 80min was higher than that of

Omin after cutting skin.

Conclusions: The expression of pre-endogenitic opioids peptides genes increase obviously in patients under intravenous combined with aspiration

general anesthesia during operation.

Key words: General anesthesia; B-endorphin; Leucine-enkephalin; Dynorphin A; PPE; PPD; Gene expression
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Background

Human beings compose many special function genes to
adapt themselves to natural environment, for instance, pre-
endogenitic opioids peptides genes correlate pain-killing.
When environment stimulation change into pain, these
genes are activated and produce many pre-endogenitic
opioids peptides, the latter split into endogenitic
opioids peptides(EOP). For example, dynorphin
comes from preprodynorphin(PPD), B -endorphin
from proopiomelanocortin(POMC), enkephalin from
preproenkephalin(PPE). EOP are powerful analgetics
which are produced in central neuron, superarenal gland,
spleen, thymus gland, lung, lymph cells, etc. They are some
natural endogenous substances in mammal which have
the function of analgesia similar with opioids. There was
proved that dynorphin could improve pain threshold™ . It
was also reported that blood EOP concentration increased
markedly when human body was stimulated by acute pain®
%, and decreased by chronic pain®. EOP were found in pig

brain by Hughes'® firstly. EOP are efficient analgetics, 200ng
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enkephalin which was injected into rat cerebral ventricle
showed obviously analgesia. EOP are also related with
learning and memory, cardiovascular activity, reproduction,
endocrine, immune system!”’,

Surgical operation can cause fierce pain, the latter
can activate pre-EOP genes which manufacture pre-EOP.
Different kinds of anesthesia have the same purpose of
relieving pain, so the expression of pre-EOP genes may
reflect anesthesia methods. This study show the changes
of EOP concentration of plasma and the expression of
mRNA of pre-EOP genes in lymph cells of patients under

intravenous combined with aspiration general anesthesia.

Methods
1, This study was permitted by the local hospital ethics

committee and all patients gave written infomed concent.
15 patients who were scheduled to undergo pectoral or
abdominal operations, male 13 and female 2, ASA | -
II, were interviewed and ensured no cancer pain before

operation. Graseby 3500 intravenous anesthesia pump and
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HXD- [ were installed to monitor BIS and MAP. BIS<50
and MAP<70mmHg were set as the feedback stopping
indexes of propofol TCI. 0.04-0.06mg-kg"' midazolum,
1.5-2pg'ml" propofol TCI, 2-3ug-kg” fentanyl, 1.5mg-kg"
scoline were given separately to tracheal intubate. To
maintain sufficient depth of general anesthesia, 18-10ug-kg™
fentanyl, inhaling isoflurane to achive 1-1.5MAC at the end
of exhaling, 1-1.5pg'ml" propofol TCI and 0.08-0.1 mg-kg™
vecuronium were employed. 0.3MNa,EDTA80pl was used
to anticoagulate and 2000u aprotinin( 6 company) were
added into 4ml of arterial blood which were gathered at
0, 20, 40, 60, 80min after cutting skin, and plasma was
separated. Lymph cells were getted from 2.5ml arterial
blood which was drawn at 0, 80min respectively. Note pain
and sensorium after palinesthesia.

2, The concentration of B -EP, LEK, Dyn A in plasma
were tested by Radioimmunoassay.

3,RT-PCR was employed for the expression of
PPD and PPE genes. After total RNA of lymph cells
were drawn, mRNA were reversely transcripted.
The primer of PCP of cDNA of PPD gene:
(Sense primer) 5' GGTCCCAAACCTATCAATCC
3',3' (106) CCAGGGTTTGGATAGTTAGG (125)
5'.(Anti-sense primer) 5' TGGCACCATCGTTCAGC
3',3' (466) ACCGTGGTAGCAAGTCG (450) 5.
The primer
5' TGTGGCATCCACGAAACTA 3'; 3' (814)
ACACCGTAGGTGCTTTGAT (832) 5'.(Anti-sense
primer) 5' TCATACTCCTGCTTGCTGATC 3'; 3' (1088)
AGTATGAGGACGAACGACTAG (1068) 5', The primer
of PPE gene: (Sense primer) 5' TGGCTTGCGTAATGGAAT
3', 3' (137) ACCGAACGCATTACCTTA (154) 5'; (Anti-
sense primer) 5' CTCTGGGCGACCTACTCTT 3', 3'(663)
GAGACCCGCTGGATGAGAA (645) 5'. The production
of PCR was separated by electrophoresis in 1% Agarose,

of B -actin gene: (Sense primer)

the density of bands were calculated by Image Master
VDS(Pharmacia Biotech).

TABEL 1.the changes of -EP, LEK, Dyn A in plasma
(MeanSD pg'mI™)

Omin 20min 40min 60min 80min
B-EP (n=15) | 38.7£15.2 | 65.5£24.2" | 68.3£17.9" |124.8+38.3""| 79.9+25.7"
LEK(n=15) |340.1£30.2[507.3£40.5"| 660.8+25.5™" | 524.6+36.7" | 482.1+38.9"
Dyn A (n=15)| 127.4+31.1 | 179.8+45.3"[ 189.7+42.3" | 99.6+34.5 118.8

As compared with Omin, “P<0.05, “"P<0.01
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4, Statistics All deta are shown with Mean+SD, the
deta of any other time points are compared with Omin by t
test, P<0.05 is considered to be statistically significant, and
P<0.01 to be markedly significant.

Results

1, BIS of all patients was controlled near 50 during
operation, no pain or sensorium were complained
after palinesthesia among all patients. The changes of
B -EP, LEK, Dyn A in plasma are shown in table 1. The
concentration of B -EP and LEK in plasma of patients
increased at 20, 40, 60,80min as compared with Omin since
the beginning of operation, Dynorphin A enhanced at 40,
60min.

2, The RT-PCR results of mRNA of PPD and PPE genes
are shown in table 2. The expression of PPD/ B -actin and
PPE/ B -actin genes at 80min was higher than that of Omin

after cutting skin.

Discussion
Pain, stress and many other stimulations can increase

the expression of pre-EOP genes. After the nerve impulses
of pain caused by operation were conducted into the central
nervous system, many neurons and other cells synthesize
and release EOP . It has been reported that lymph cells are
important places of synthesizing EOP"”),

Controlling and monitoring the depth of general
anesthesia have been a very important research area
in recent years. BIS, SEF, HRV, AEP, etc, have been
considered as the indexes of reflecting the depth of general

anesthesia!'*!?

and the concentration of TCI propofol,
fentanyl and ET-isofluane were usually used in our clinical
practice. In order to control the depth, BIS and MAP were
set as the indexes of feedback stopping of TCI propofol in
this study, although no pain or sensorium were complained
after palinesthesia among all patients, the concentraion

of B -EP. LEK. Dyn A in plasma increased obviously

TABEL 2.the density of production of RT-PCR (Mean+SD)

PPE B-actin | PPE/B-actin PPD B-actin | PPD/B-actin

Omin | 44924.3+ |56269.34+ 19862.81+ [ 19850.66+
0.98+0.45 1.172+0.39

(n=15)| 1276.94 | 1813.07 1427.04 1508.91
80min |60178.38+|39139.32+| 1.887+ [43113.78+20916.87+ N
N 2.1532+0.25

(n=15)| 2060.96 | 2425.55 0.329 1449.95 1109.46

As compared with Omin, “P<0.05
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during operaion and the expression of PPD/ B -actin and
PPE/ B -actin genes increased clearly at 80min as compared
with Omin,. All of these prove that the expression of pre-
EOP genes enlarge during operation as compared with the
beginning of cutting under intravenous combined with
aspiation general anesthesia.

The acting area of general anesthetics is from
peripheral nerve terminal to cerebral cortex, where there
are a large amount of neurons. The center of reflect arch
of pain maybe the any neurons of spinal cord or other
central region, different kind of neuron respond differently
to anesthetics. Although patients are sleeping in general
anesthesia, impulses caused by operation including pain,
temperature and touch can be conducted toward brain
cortex, the excitability of reticular formation of brain
system augment and the indexes of EEG and the depth of
general anesthesia maybe unstable, for instance, AEP maybe
evoked easily. These may be why there is not an index
which can reflect the depth of general anesthesia perfectly.

Increasing of the expression of pre-EOP genes show that

patients may have pain under intravenous combined
aspiration general anesthesia inspite of unawareness during

operation.
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peripheral nerve terminal to cerebral cortex, where neurons
are densely packed. The center of reflect arch of pain may
be the any neuron of spinal cord or other central region,
since different kinds of neurons respond differently to
anesthetics. Although patients are sleeping in general
anesthesia, impulses of stimulations induced by the
operation including pain, temperature and touch can be
conducted towards the cortex, the excitability of reticular
formation of the brain system increases and the indexes of
EEG and the depth of general anesthesia may be unstable;
for instance, AEP maybe evoked easily. These may be why
there is not an index which can reflect the depth of general
anesthesia perfectly. But the acting place of local anesthetics
is spinal nerve in epidural block, there are not any impulses
to be conducted towards the brain during operation, so the
indexes of EEG maybe stable and the depth of anesthesia
maybe controlled easily in this study. The expression of
pre-EOP genes and the low concentration of TCI popofol
show that general anesthesia combined with epidural block

maybe “painless”.
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Abstract

Acute kidney injury (AKI) refers to the rapid decrease of renal function caused by various kinds of factors. It is a common condition in our clinical work
and is associated with increased mortality and prolonged length of hospital stay. However, the paucity of early, predictive, non-invasive biomarkers has
impaired our ability to institute potentially effective therapies for AKI in a timely manner. Serum creatinine, the current main diagnostic test for AKI, rises late
in AKI pathophysiology and is an inaccurate marker of acute changes in glomerular filtration rate. Therefore, new biomarkers of AKI are needed. Fortunately,
the tools of modern science have revealed promising novel biomarkers for AKI, such as interleukin-18(IL-18) and kidney injury molecule-1(KIM-1). These new
biomarkers may be useful for early AKI diagnosis and for AKI stratification. This review will provide a summary of selected biomarkers that may be contributors
for AKI.

Key Words: Acute renal injury; diagnosis; biomarker
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The Comparison of the Chloroprocaine,

in Obstetrics

Run—qgiao Fu, Wei—ran Fang,

Lidocaine, Dicaine for Spinal Anesthesia

Xido—-hong Zhang, et al,.

Department of Anesthesiology, Beijing Chui Yangliu Hospital, Beijing 100022, China

Abstract

Objective: To compare the effects of chloroprocaine, lidocaine, dicaine for spinal anesthesia in obstetrics.

Methods: 90 primiparaes with full-term pregnancy were divided randomly into group CP (chloroprocaine, n=30), Li (lidocain, n=30) and Di (dicaine, n=30),
were punctured from lumbar 2~3 spinal interspace, and injected 30 mg of CP, 40 mg of Li or 7.7 mg of Di within 20s into subarachnoid space, respectively.

Results: The onset times of CP, Li and Di were 23.85+6.89s, 34.29+8.94s and 28.32+9.84s, respectively. Times to get painless at incision, the highest

level of block, motorless in lower limbs and peaks of sensory block were similar among the three groups. Times of spinal anesthesia complete disappearance
were 78.45+16.83min, 160.74+56.89min and 471.54+99.24min respectively, P < 0.01 statistically among the three groups. All cases in three groups had highly
satisfactory spinal anesthesia for surgery, no need for epidural anesthesia, but it was the fastest in group CP recovery from anesthesia. We could not any

observe systemic and spinal nerve toxic responses in each group. Apgar scores were normal in each group.
Conclusion: Chloroprocaine for spinal anesthesia is better than lidocain or dicaine in obstetrics.
Key Words: Chloroprocaine; Lidocaine; Dicaine; Spinal anesthesia; Obstetrics
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Abstract

Background: The use of breathing filters (BFs) has been recommended to protect the anesthesia apparatus in proven or suspected cases of
tuberculosis. Some investigators have also suggested the use of BF to alleviate the need to change anesthesia breathing circuits after each case. This study
evaluated the filtration efficacy of three different BFs to prevent mycobacterial contamination of breathing circuits in a model that uses a test animal.

Methods: Ten Pall BB25A®™ (pleated hydrophobic) (Pall Canada Ltd., Mississauga, Ontario, Canada), six DAR Barrierbac S® (felted electrostatic;
Mallinckrodt DAR, Mirandola, Italy), and six Baxter Airlife® (felted electrostatic; Baxter Canada, Mississauga, Ontario, Canada) BFs were studied. For
each BF tested, 20 ml of a high concentration suspension of Mycobacterium chelonae (range, 2.0x10” to 9.0x10” colony-forming units/ml) was nebulized
during 2h at the proximal end of the endotracheal tube of anesthetized pigs. At the end of the nebulization period, the BFs were sampled for culture. The
titer reduction value (number of microorganisms challenging the BF divided by the number of microorganisms recovered downstream of the BF) and the
removal efficiency (difference between the number of microorganisms challenging the BF and the number of microorganisms recovered downstream of
the BF, divided by the number of microorganisms challenging the BF) were calculated.

Results: The median titer reduction values were 5.6x10°, 6.0x10°, and 8.0x10" (P < 0.0005), and the median removal efficiencies were greater than
99.999%, greater than 99.999%, and 100% (P= not significant) for the DAR Barrierbac S®, the Baxter Airlife®, and the Pall BB25A®, respectively.

Conclusions: Among the three BFs studied, only the Pall BB25A® completely prevented the passage of M. chelonae, thus protecting the anesthesia

breathing circuit from mycobacterial contamination.

Contaminated anesthesia equipment has been
implicated as a causative factor of postoperative pulmonary
infections, and microorganisms have been isolated in
almost every part of the anesthesia breathing system.'”
Therefore, the current recommendations of both the
Centers for Disease Control and the American Society of
Anesthesiologists state that a sterile (or alternatively sub-
mitted to highlevel disinfection) anesthesia breathing
circuits should be used for every patient.” In proven or
suspected cases of tuberculosis, the Centers for Disease

Control recommend that a breathing filter (BF) be placed

Experience Exchangement

between the anesthesia equipment and the patient’s airway.’
The use of a BF placed between the Y-piece of the anesthesia
breathing circuit and the endotracheal tube has also been
proposed to prevent contamination of the breathing circuit.
This could allow the reuse of the same breathing circuit for
several patients, and as long as the BF is less expensive than
the breathing circuit, this practice would be cost efficient.®’
Although tuberculosis prevalence has slightly decreased in
recent years (after a surge in the late 1980s and early 1990s),
it remains a serious infectious threat, even more with the

emergence of multiresistant Mycobacterium tuberculosis
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strains.® Furthermore, nosocomial transmission of
tuberculosis to both patients and healthcare workers has
been reported.”"” Many BFs are available in North America,
built with different materials and relying on different
filtration mechanisms. Their performance for bacterial
filtration has been investigated both in laboratory studies
and in the clinical setting. However, to our knowledge,
no study has evaluated the efficacy of BFs against
M.tuberculosis in the clinical setting.

Because of the high contagious potential of M.
tuberculosis, mandating a level 3 experimental facility,
clinical studies are difficult to conduct. Therefore, other
mycobacteria with lower pathogenicity have been used as
surrogates for M. tuberculosis."’ The objective of this study
was to evaluate the mycobacterial filtration efficacy against
Mycobacterium chelonae of three different BFs available in
North America in an animal model designed to reproduce
the clinical setting. The second objective was to explain
the performance of the three filters by submitting them to

scanning electron microscopy.

Materials and Methods

The different models of BF used in anesthesia in the
province of Quebec were identified by an informal survey.
Representatives from manufacturers of BFs were also
approached and asked to submit a proposal of a model for
a BE These BFs had to present the following characteristics:
an in vitro bacterial filtration efficiency greater than
99.9999% and a small size and low dead space volume
compatible with use in the clinical setting. Three different
anesthesia BFs of different construction were selected for
inclusion in this study. Six samples of the DAR Barrierbac
S® (Mallinckrodt DAR, Mirandola,lItaly), six samples of
the Pall BB25A® (Pall Canada Ltd.,Mississauga, Ontario,
Canada), six samples of the Baxter Airlife® (Baxter Canada,
Mississauga, Ontario, Canada), and four more samples of
the Pall BB25A® were sequentially tested. The Pall BB25A®
is made of a pleated paper customized with fiberglass and
ceramic. It possesses naturally induced electrostatic charges
and has hydrophobic and hygroscopic properties. The DAR
Barrierbac S® is made of felted polypropylene fibers set up
in multiple layers as a mat. The polypropylene fibers are
externally electrostatically charged and have hydrophobic
properties. The filter media is also treated with calcium
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gaon

chloride to gain hygroscopic properties. The Baxter
Airlife® is also made of felted polypropylene fibers set up
in multiple layers as a mat. The polypropylene fibers are
externally electrostatically charged and have hydrophobic
properties, but no hygroscopic property is claimed by the
manufacturer. The three models of BF are presented in a
sterile package.

Preparation of M. Chelonae

The strain selected was isolated repeatedly from
the sputum of an immunosuppressed patient, and its
identification was confirmed by the Quebec Public Health
Laboratory (Sainte-Anne-de-Bellevue, Quebec, Canada).
The day before each experiment, a saline suspension
equivalent to a 1.0 MacFarland standard was obtained
from a 48-h old subculture from a blood agar plate. After
sampling for determination of the exact concentration of M.
chelonae, the suspensions were prepared in 20-ml aliquots
in sterile test tubes and refrigerated until use.

Experimental Procedures

The protocol conformed to the Canadian Council
of Animal Care’s Code of Ethics and was approved by
the Animal Care Committee of Laval University (Laval
University, Quebec City, Quebec, Canada). The study was
conducted at the Experimental Medicine Laboratory of
Laval University. The animals used were healthy adult
female pigs weighing 75-100 kg that were concurrently used
in an evaluation of surgical implants. These animals had to
be anesthetized either to implant or to remove a surgical
mesh in their abdominal wall. The animals were fasted
overnight and received an intramuscular premedication
of acepromazine, atropine, butorphanol, and midazolam.
An intravenous line was inserted, and anesthesia was
induced with thiopental (1-4 mg/kg). After the airway
was topically anesthetized with 10% lidocaine, the trachea
was intubated with a sterile endotracheal tube during
spontaneous ventilation. The lungs were ventilated with
100% oxygen at a rate of 10-12 min" with a tidal volume
of 8-10 ml/kg. Anesthesia was maintained with intravenous
morphine, midazolam, and pancuronium. Hydration was
provided with normal saline at a rate of 12-15 ml - kg-h™.
Monitoring included electrocardiography, noninvasive
blood pressure monitoring, pulse oximetry, and airway
manometry. At the end of the procedure, depending on the

needs of the surgical implant protocol, the animals were
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either killed with a high dose of thiopental (125 mg/kg) or
woken up after muscle relaxant reversal.

For each experiment, a new sterile disposable clear
anesthesia breathing circuit of 22 mm in diameter and
183 cm in length (Trudell Medical Ltd., London, Ontario,
Canada) and a new sterile anesthesia BF were used. A
15-mm-long sterile polyvinyl chloride (PVC) tube with
a 15-mm external diameter was inserted into each of the
two connectors (animal and circuit sides) of the BF tested
(fig.1) These PVC tubes served as physical support for
the microbiologic sampling at the end of the experiment.
After induction of anesthesia, the BF tested was inserted
aseptically between the endotracheal tube and the Y-piece
of the anesthesia breathing circuit. An Up-Draft II Neb-u-
mist® nebulizer (Hudson Respiratory Care Inc., Temecula,
CA) was inserted between the BF and the endotracheal
tube. Twenty milliliters of the suspension containing M.
chelonae (concentration range, 2.0x10” to 9.0x10’ colony-
forming units [cfu]/ml) was nebulized continuously with a
carrier flow of 6 I/min over 120 min. This setup intended to
reproduce the excretion of a high density of mycobacteria
by an infected animal. At the end of the nebulization period,
the BF was removed from the breathing circuit, and the two
PVC tubes were extracted from the BF connectors under
sterile conditions. Both PVC tubes were soaked separately
in test tubes containing 15 ml brain-heart infusion broth

and were sent to the microbiologic laboratory within 1 h.

Figure 1: Drawing of a breathing filter showing the two
15-mmlong sterile polyvinyl chloride tubes inserted into
the connectors of the breathing filter ([A] circuit side of the
breathing filter,[B] animal side of the breathing filter). These
polyvinyl chloride tubes served as physical support for the

microbiologic sampling.
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Controls

To rule out external contamination, control cultures
and experiments were performed. First, sampling of the
exterior surface of the BF connectors (animal side and
circuit side) was performed twice during the study. The
purpose of this control was to eliminate the possibility of
an external contamination source. Second, the experimental
procedure was run in two cases with the animal
anesthetized, but with nebulization of a solution free of M.
chelonae. This was done to eliminate the possibility of back
flow contamination from the anesthesia machine.

Laboratory Processing

The test tubes were first submitted to ultrasound
(55,000 Hz, 125 W) for 15 s to dislodge mycobacteria from
the PVC tubes. Then, 1 ml brain—heart infusion broth was
inoculated in a BACTEC® system (BD Diagnostic Systems,
Sparks, MD) and incubated for 6 weeks for semiquantitative
analysis. One milliliter of the brainheart infusion broth was
also serially diluted in 8 test tubes containing 9 ml saline
each and was vortexed. One hundred microliters of these
suspensions was then plated on chocolate blood agar and on
Thayer-Martin agar. The inoculated plates were incubated
at 35°Cina 5% CO,—enriched atmosphere for up to 2 weeks.
Plates were examined at 48-h intervals. Colonies were Gram
and Ziehl stained to confirm the presence of mycobacteria,
and the mycobacterial count was calculated from the serial
dilution of the original inoculum. Laboratory personnel
were blinded to which filter had been used.

Data Analysis

The filtration efficacy of the BF was determined by the
titer reduction value (TRV) and the removal efficiency(RE).
TRV is calculated by dividing the total number of
microorganisms challenging the BF (20 ml of the nebulized
suspension) by the number of microorganisms recovered
downstream of the BF (total number recovered on the PVC
tube on the circuit side). When the circuit side culture was
negative for M. chelonae, a nominal value of 1 was used as
the denominator.

Y Tonal M pfeedemaasC hallerere (edud
Tl W sdudinac By T Liche)

RE is calculated by dividing the difference between the
total challenge and the total recovery by the total challenge.
Todal M chelomaae Chaleng: (o
Tariall M. cbefepaw Recorery {chai

= ikl
Aeinae Challenge (chn
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Figure 2: Scanning electron microscopy (20 magnification)

of the clean filtering membrane of the three breathing filters
tested: DAR Barrierbac S® (Mallinckrodt DAR, Mirandola,
Italy) (A),Baxter Airlife® (Baxter Canada, Mississauga,
Ontario, Canada)(B), and Pall BB25A® (Pall Canada Ltd.,
Mississauga, Ontario,Canada) (C). The filteringmembrane of
the Pall BB25A® ismuch more compact and its pore size are
much smaller.

Data are expressed as median with range. BFs were
compared for TRV and RE using the Wilcoxon rank scores
for unpaired data and the Kruskal-Wallis test. A P value less

than 0.05 was considered significant.

Experience Exchangement

gogno

Results

One DAR Barrierbac S® sample was accidentally
damaged during laboratory handling. Data of the five
remaining DAR Barrierbac S® BFs were included in the
analysis.Experiments were performed on 8 different days.
The 20 ml M. chelonae was nebulized over2hinall cases.
The median number (range) of mycobacteria nebulized was
1.0x10° cfu (1.0x10” to 1.0x10%) for the DAR Barrierbac
$®, 1.0x10° cfu (8.0x10° to 1.8x10°) for the Baxter Airlife®,
and 8.0x10° cfu (4.0x10° to 1.8x10°) for the Pall BB25A®
(P not significant; table 1) M. chelonae was recovered on
the circuit side of the BF in all DAR Barrierbac S® and
Baxter Airlife® BFs but not in any of the Pall BB25A® BFs
(P 0.0002; table 1) The median (range) TRVs were 5.6x10°
(8.3x10° to 1.3x10°), 6.0x10° (4.4x10" to 2.0x10°), and
8.0x10°%(4.0x10° to 1.8x10°) for the DAR Barrierbac S®, the
Baxter Airlife®, and the Pall BB25A®, respectively (P 0.0005;
table 1). The median REs were greater than 99.999%
for both the DAR Barrierbac S® and the Baxter Airlife®,
whereas no M. chelonae was recovered on the circuit side of
the 10 Pall BB25A® tested, yielding an RE of 100% (P not
significant; table 1).Cultures of the exterior surface of the
BF connectors were negative. Cultures on both the animal
side and the circuit side of the two sham experiments were
also negative. These negative results were confirmed by the
BACTEC® system. This qualitative method uses a liquid
medium that is highly sensitive for mycobacterial growth,
with a low probability of false-negative results.'” These
media were incubated for a period of 6 weeks or until
growth was detected. The BACTEC® system also confirmed
all the negative cultures found on the circuit side of the Pall
BB25A®.

Discussion
The main finding of this study is that the passage

of M. chelonae was prevented only by one of the three
BFs investigated. The TRV of the Pall BB25A® was also
significantly better compared with the DAR Barrierbac S®
and the Baxter Airlife®. REs were not statistically different
for the three BFs, but it must be stressed that, in the clinical
anesthesia setting, any mycobacterial passage should be
considered as a failure of the BF. Therefore, our results
suggest that the DAR Barrierbac S® and the Baxter Airlife®
would not have reliably protected the anesthesia breathing
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TABEL 1.Efficacy of the DAR Barrierbac S, Baxter Airlife, and Pall BB25A Breathing Filters at the End of a 2-Hour

Nebulization Period of a Standardized Load of Mycobacterium chelonae

Total Mycobacheis

Total Mycobacterial

Challerges " ol Racoresry, T ofu TR RE, %

DA Barriedec 58

1 1.0 = 10° 15 % 107 &7 = 108 = 05,098

2 1.0 = 1009 o0 = 108 1.0 = 10# = 9003

| 1.0 = 109 12 = 108 B3 = 100 o GO ORE

4 1.0 = 10° TH = AP {.3 = 10° - O 0599

5 1.0 % 10* 18 % 1P 56 = 107 > 96,039
Baxter Airlifa®

1 A0 108 11 = 10! T& = 10 » 00,008

2 B.O = 10" 1.5 = 107" 53 = 10° = 5.8

o 1.0 =10 6.0 = 10F 1.7 = 10® g ol

q 1.0 = 10° 24 =100 4.4 = 00 = D GKFT

5 1.0 x 1a% 15 = 107 AT = 10° - 00,099

] 1.8 = 10" a0 = 10F 20 = 10° = 95,039
Pall BE25A®

1 1.6 = 109 mill 1.8 = 107 100

2 4.0 = 10° nil 4.0 = 10° 100

3 1.8 = 10% nil 1.8 =107 100

] 4.0 = 10% il 2.0 = 10f 100

5 4.0 = 104 il 4.0 = 108 100

& 18 =10 il 1.8 = 107 100

7 B.O x 108 nil &0« 10 100

8 1.8 % 108 mil 1.8« 10° 100

g 40 = 108 il 40 = 10% 100

10 B.0 = 10" nil B0 = 10 100

When total recovery was negative (nil), the nominal value of 1 was used as the denominator in the titer reduction value (TRV) calculation. See text for statistical comparisons.

*Number of organisms nebulized on the animal side of the breathing filter. T Number of organisms recovered on the polyvinyl chloride tubing on the circuit side of the

breathing filter.

Cfu=colony forming units; RE=removal efficiency.

circuit from mycobacterial contamination. Most studies on
the mycobacterial filtration performance of BFs have been
conducted by manufacturers in the laboratory using flow,
pressure, and humidity conditions very different from those
encountered in a clinical setting. Few have been reported
in the peerreviewed literature.'' Moreover, although REs
greater than 99.99% are reported by most manufacturers,
BFs with different construction designs have not been
compared between them in a clinical setting. As stated in
a recent review, results of bench studies are not necessarily
applicable to the clinical setting."

In this study, the experimental design intended to
reproduce as closely as possible the conditions usually
encountered in the clinical setting. A standard anesthesia
technique was used, and the equipment was similar to what
is found in a standard operating room. Also, the anesthesia
lasted long enough to reproduce the usual time that a BF
would have to protect the anesthesia circuit during the

course of a normal operating schedule,although it cannot
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be ruled out that the performance of the BF might have
been different had the exposure been longer than 2 h. Pigs
have been used commonly for the study of pulmonary
pathologies and were used here in the intent of reproducing
as closely as possible the various conditions of ventilatory
pressure and flow, temperature, and humidity encountered
in a clinical setting."* M. chelonae was used because of its
physicochemical characteristics similar to M. tuberculosis.
The latter, because of its high contagious nature, necessitates
stringent safety measures (level 3 facility), whereas the
former is much less pathogenic, both for the investigator
and for the animal, and is therefore acceptable to the animal
care board.” Most studies on this topic have used low-
pathogenic mycobacterium species, such as M. chelonae
or M. bovis, as surrogates for M. tuberculosis." The M.
chelonae challenge was willingly chosen to be of a large
magnitude to simulate the challenge presented by a patient
with an active tuberculosis. Short lengths of PVC tubes

were used to capture M. chelonae on both sides of the BE.
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This was a modification of a capture method commonly
used in microbiology. The objective of this technique was
to capture as many mycobacteria as possible. However, it
is obvious that some mycobacteria adhered to structures
other than the PVC tube, such as the breathing circuit, and
this technique could have slightly underestimated the true
number of mycobacteria. However, the same technique
was used for all BFs,thus allowing for valid comparisons
of mycobacterial recovery count, TRV, and RE. Although
the animal side of the BF was also sampled, these data
were not considered useful and were not included in the
analysis. The total load of M. chelonae nebulized in the BF
was rather used for calculation of TRV and RE according to
standard methods.

The different efficacies of the three BFs tested can
be explained by their design. The filtering membrane
of the DAR Barrierbac S® and the Baxter Airlife® are
made of felted polypropylene fibers arranged as a mat.
They are not naturally hydrophobic and are called felted
electrostatic filters. However, the filtering membrane of
the Pall BB25A® is made of a pleated paper fibers bonded
with fiberglass and ceramic. Filter membranes of this
design have naturally occurring electrostatic charges,
conferring hydrophobic properties, and are called pleated
hydrophobic filters. More importantly, the Pall BB25A®
pores are much smaller than those of the two other BFs (fig.
2). With such a design, water impermeability is obtained.
It might not make much of a difference when the BFs are
tested with a dry carrier gas, because small particles such
as mycobacteria (size approximately 0.3um) are not only
filtered by direct interception and inertial impaction but
also undergo Brownian movement, which causes them to
follow a convoluted pathway and gives them an effective
diameter much larger than their real physical dimension.13
However, in the clinical setting that was replicated by
our protocol, the filtering must be done through the
exhaled tidal volume,which is fully saturated with water.
Under these circumstances, condensation frequently
occurs in the endotracheal tube, the Y-piece connector,
and the BF itself. This results in the accumulation of
water particles of different sizes on the surface of the
filtering media. Therefore, the ability to stop mycobacteria
becomes dependent not only on the efficiency of the BF
in dry gases but also on its capability to retain water that
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acts as a carrier for mycobacteria. Although they claim
hydrophobic properties, the DAR Barrierbac S® and
Baxter Airlife®, have large pores that allow water passage.
They are submitted to an electromagnetic conditioning
to gain their electrostatic capability, which can be lost
when water penetrates the membrane.'® With these two
BFs, water was indeed frequently seen at the end of the
protocol in the anesthesia breathing circuit but not with
the Pall BB25A®. Important differences have been reported
in performance against water penetration and microbial
penetration between pleated hydrophobic filters and felted
electrostatic filters."”" Lloyd et al.’® reported that the
passage of hepatitis C virus in a humidified carrier gas was
prevented by a pleated hydrophobic membrane but not by
a felted electrostatic membrane. Hedley and Allt-Graham
*! also found that the DAR Barrierbac S® had an in vitro
airborne bacterial filtration close to the Pall BB25A® but
had a poor liquid-borne bacterial efficiency. These studies
concur with the current one to suggest that the efficacy of
a BF is determined by the type of filtering membrane and
its pore size and by its hydrophobic characteristics. Because
the felted polypropylene BFs have larger pores and lack
natural hydrophobic properties, it can be suspected that, in
the conditions encountered in clinical anesthesia, they are
less effective in preventing mycobacterial contamination
than the hydrophobic pleated paper BF. Finally, although
the results of this study cannot be directly applied to all
models of BF available on the market, other brands of
BFs with similar construction design as the three BFs
tested would be expected to behave similarly.This has
important implications both in the implementation of the
current recommendations and in the future planning of
strategies for infection control in anesthesia.The Centers
for Disease Control recommend the use of a BF for every
suspected or confirmed case of tuberculosis.” Our data
show that two of the BFs studied cannot reliably protect
the anesthesia breathing circuit and the soda lime canister
from contamination by mycobacteria and thus should not
be used for that purpose. It has also been suggested to use a
BF between the Y-piece of the anesthesia breathing circuit
and the proximal end of the endotracheal tube to avoid
changing, sterilizing, or disinfecting the breathing circuit
after each case and thus decrease cost. However, some

asymptomatic tuberculosis-infected patients unavoidably
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come undetected to the operating room, and the use of
an ineffective BF might result in the contamination of the
anesthesia breathing circuit and hence of the following
patients.”

In conclusion, among the three BFs tested, only the Pall
BB25A® completely prevented the passage of M. chelonae
and protected the anesthesia circuit from mycobacterial
contamination. We also conclude that BF built with felted
polypropylene fibers might not protect the anesthesia
breathing circuit from mycobacterial contamination in
clinical conditions. Finally, this suggests that the water-
retaining capability of a BF is an important feature in its
ability to protect the anesthesia circuit from mycobacterial

contamination.
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This article introduces the structure and function of fiberoptic bronchoscopy ,and our experience for intubation and checking the position of double- lumen
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The Use of Heat and Moisture Exchangers/Filters (HMEFs)

Chao Huang

Baozhen Branch of Xinhua Hospital

Abstract

The operating room environment, are rife with potentially dangerous pathogens and infectious aerosols. It has clearly been established, that certain
healthcare personal, especially respiratory therapists, have a higher rate of reactive airway disease and TB, when compared to others who work in the hospital,
and to the population at large We will attempt to identify the source of these risks, and discuss methods to decrease these risks, for both the patient and the

caregiver.

The use of filters and Heat and Moisture Exchangers/Filters (HMEFs) have been shown to lower risk for the patient, in terms of contamination and one
may make a lucid argument that these devices will also decrease risks for the healthcare provider.
Key Words: HMEF ( heat and moisture exchanger filter), mechanical ventilation
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Table 1. Numbers of filters providing various levels of filtration performancce*.

. y NIOSH Classification
Patientgroup | - Filter type Rz T—o5 T Nog | N100 | Total
Pediatic Pleated 0 0 2 0 2

Electrostatic 10 17 5 0 32
Pleated 0 1 9 14 24
— Electrostatic 9 29 8 0 46
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