1430

Correspondence

{5] Proksch E, Nissen HP, Bremgartner M, et al. Bathing in a
magnesium-rich Dead Sea salt solution improves skin barrier
function, enhances skin hydration, and reduces inflamma-
tion in atopic dry skin, Int J Dermatol 2005;44:151-7.

Ko-ichi Kawahara

Department of Laboratory and Vascular Medicine
Cardiovascular and Respiratory Disorders
Advanced Therapeutics,

Kagoshima University Graduate

School of Medical and Dental Science,

8-35-1 Sakuragaoka, Kagoshima 890-8520,

Japan

Salunya Tancharoen

Department of Pharmacology,

Faculty of Dentistry, Mahidol University,
Bangkok, Thailand

Teruto Hashiguchi

Department of Laboratory and Vascular Medicine
Cardiovascular and Respiratory Disorders
Advanced Therapeutics,

Kagoshima University Graduate

School of Medical and Dental Science,

8-35-1 Sakuragaoka, Kagoshima 890-8520,

Japan

Masako Unoshima

Department of Anesthesiology,

Oita University Faculty of Medicine,
1-1 Hasama-machi,

Oita 879-5593, Japan

Takashi Ito
Kiyoshi Kikuchi
Yoko Morimoto

Toshiaki Shimizu
Yoko Oyama

doi:10.1016/ §.mehy, 2006.10.025

Kazunori Takenouchi

Shin-ichiro Arimura

Noboru Taniguchi

Department of Laboratory and Vascular Medicine
Cardiovascular and Respiratory Disorders
Advanced Therapeutics,

Kagoshima University Graduate

School of Medical and Dental Science,
8-35-1 Sakuragaoka,

Kagoshima 890-8520,

Japan

Masahiro Iwata

Department of Dermatology,

Kagoshima University Graduate

School of Medical and Dental Science,
8-35-1 Sakuragacka, Kagoshima 890-8520,
Japan

Hideo Iwasaka

Department of Anesthesiology,

Oita University Faculty of Medicine,
1-1 Hasama-machi,

Oita 879-5593,

Japan

Ikuro Maruyama

Department of Laboratory and Vascular Medicine
Cardiovascular and Respiratory

Disorders Advanced Therapeutics,

Kagoshima University Graduate

School of Medical and Dental Science,

8-35-1 Sakuragaoka, Kagoshima 890-8520,
Japan

Tel.: +81 99 275 5437; fax: +81 99 275 2629
E-mail address: rinken@m3.kufm.kagoshima-u.
ac.jp

Attenuation of headache during pregnancy may be
caused by increase in thyroid hormone levels

Headache is one of the most common outpatient
pain conditions encountered in both the physician
office and emergency departments. A wide spec-
trum of etiological factors has been defined for
different types of headache. Etiological factors
range from micro insults to brain parenchyma to
endocrinological changes [1]. Frequency and

severity of headache varies throughout life. There
are hormonal milestones in females’ life which af-
fect pattern and quality of headache including
menarche, pregnancy and menopause [2]. A con-
siderable body of evidence shows of different
kinds of headache during pregnancy. The best
established mechanism attributed to this phenom-
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Hemostatic Efficacy of a Recombinant Thrombin-Coated
Polyglycolic Acid Sheet Coupled With Liquid Fibrinogen,
Evaluated in a Canine Model of Puimonary Arterial

Hemorrhage

Yotaro Izumi, MD. Masatoshi Gika, MD, Noriko Shinya, DVM, Sumika Miyabashira, BS,
Takayuki Imamura, PhD, Chikateru Nozaki, PhD, Masafumi Kawamura, MD, and Koichi Kobayashi, MD

Background: in thoracic surgery, al-
though infrequent, we encounter unex-
pected damage o the pulmonary artery
(PA). In the present study, we evaluated
the hemostatic efficacy of a newly devel-
oped fibrin-based sheet material, throm-
bin sheet, coupled with liquid fibrinogen
(TSF), in an experimental model of PA
hemorrhage.

Methods: Female beagles (n = 8)
were used for the study. Left thoracot-
omy was performed under general anes-
thesia. PA injury (approximately 4 x 2
mm) was created, and repaired by TSF
(TSF group) or TachoComb (TC group).
The animals were allowed to survive,
snd the repaired site was evaluated 4
weeks after the experiment.

Results: The number of sheet appli-
cation and compression procedures re-
quired for hemostasis was increased in the
TC group compared with in the TSF
group (TCvs. TSF, 4 £ L vs. 1 = 05,p =
0.01, unpaired 7 test). The time required to
achieve hemostasis was increased in the
TC group compared with in the TSF
group (TC vs. TSF, 7 = 3 vs. | x 0.5
minutes, p = 0.01, unpaired ¢ test). The
amount of bleeding during the hemostasis
procedure was increased in the TC group
compared with in the TSF group (TC vs,
TSF, 48 £ 22 vs. 3 = 3 g, p = 0.00,
unpaired  test), At 4 weeks, rethora-
cotomy revealed no apparent indication of
delayed bleeding, such as intrathoracic
hematoma lormation or excessive adhe-

sion Tormation in the vicinity of PA, in
cither group. Histologically, the vessel lu-
men was well sustained in both groups,
with no apparent stenosis or thrombus
formation.

Conclusion: The hemostatic efficacy
of TSF was superior to TC in this partic-
ular experiment. Single application of
TSF was sufficient to achieve hemostasis
in all but one animal. Compression time of
approximately 1 minute was also very
short albeit that the bleeding was from the
PA and not an artery. These results were
presumably because the adhesion was
stronger, laster, and the sheet was more
pliable in TSF compared with TC.

Key Waords: Recombinant thrombin
sheet, Hemostasis, Pulmonary artery.

n thoracic surgery, although infrequent. we encounter un-
expected damage to the pulmonary artery (PA) resulting in
moderate to massive hemorrhage. In most cases, bleeding
can be controlled on the spot by manual compression. but
ompression needs to be released at some point to repair the
damage, either to directly suture the vessel, or to sufficiently
solate the vessel, clamp it. and control the bleeding. Signif-
cant blood loss can ensue during this period. It will be
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possible 1o reduce this blood loss if a ready-to-use hemostatic
material, capable of swift hemostasis becomes available.

Hemostatic materials exploil various mechanisms such as
absorbing and concentrating components of blood, increasing
the enzymatic activity of clowing factors, or activating
platelets.'™ Topical hemostatic agents utilizing materials such
as cellulose or collagen provide mechanical scaffolds on which
thrombus forms, but lack any inherent coagulation potential **
In this regard, librin-based matenals can mimic thrombus for-
mation and currently seem to be most effective.””"

We have developed recombinant thrombin,'*'* which was
lyophilized onto a bioabsorbable synthetic nonwoven polygly-
colic acid fabric (Neoveil, Gunze K. K., Kyoto, Japan) to yield
a new fibrin-based sheet material. thrombin sheet (TS),"* TS
combined with liquid fibnnogen (TSF), is capable of swift
hemostasis even when applied inside a blood pool. Fibrinogen
solution is dripped onto the sheet immediately before applica-
tion. Neoveil is loosely fabricated, and the sheet thickness is
adjusted t 0.15 mm, This makes TSF quite supple so that it is
able 10 securely conform o the contour of the applied site.

The hemostatic effect of fibrin-based materials in vascu-
lar injuries have been evaluated extensively using arterial
injury models.' ***!'' To our knowledge. control of hemor-
rhage from the PA has not been adequately assessed.
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Although blood pressure in the artery is much higher in
comparison with that of the PA, adequate attachment of the
sheet material may be more difficult to achieve in the PA
because the vessel wall is more easily deformed by compres-
sion, Therefore, materials that control arterial hemorrhage
may not necessarily be effective in PA hemorrhage.

In the present study, we evaluated the hemostatic effect
of TSF in an experimentally created PA hemorrhage model.
The efficacy of TSF was compared in the same model with
that of TachoComb (TC) (ZLB Behring Co., Lid., Bern.
Switzerland), a widely used commercially available fibrin-
based sheel product. We also measured in vitro fibrin forma-
tion in each matenal as a parameter of hemostatic potential.

MATERIALS AND METHODS
Preparation of Thromhin Sheet

Preparation of TS has been described previously."
Briefly, mannitol (Nakarai Kagaku, 213-03, Kyoto, Japan),
with a final concentration of 0.5% to 1.5%. and 40 mmol/L of
calcium chloride were added to a solution containing 0.5% 10
2% of glycerol. Recombinant thrombin'*"" was added to
make the final concentration 1,500 U/mL. This solution was
dripped at a rate of 0.05 mL/cm? and spread evenly using
rubber-tipped rods onto a bioabsorptive synthetic nonwoven
fabric (3 cm X 3 ¢m) made of polyglycolic acid, Neoveil
(thickness, 0.15 mm). The sheet was frozen at —80°C for 2
hours and dried to fix the recombinant thrombin. The sheet
was trimmed to 1.5 cm X 1.5 em for use in this experiment. The
sheet was dipped in 0.2 mL of liquid human fibrinogen (Bolheal,
Chemo-sero-therapeutic Research Institute, Kumamoto, Japan).
The liquid fibrinogen seeped evenly into the sheet within sec-
onds. The sheet was then immediately applied.

Animal Experiment

Female beagles (Kitayama Labes Co. Ltd., Nagano, Ja-
pan) (n = B) were used for the study. Body weight was
measured before induction of anesthesia. Anesthesia was
induced by subcutaneous injection of atropine sulfate (0.25
mg per animal), followed 10 minutes after by intramuscular
injection of xylazine (| mg/kg) and ketamine (10 mg/kg). The
radial vein was cannulated. Anesthesia was maintained by
continuous infusion of 0.1% ketamine in 5% glucose at a rute
of approximately | mL/min. After injection of suxametho-
nium (10 mg per animal). the animal was intubated and
mechanically venrilated with 40% oxygen. Tidal volume was
approximately 200 mL, and respiratory rate was [4 breaths
per minute. Empirically, mean systemic arterial blood pres-
sure was maintained at approximately 100 mm Hg during this
anesthesia protocol.

The animal was placed in a right lateral position, and left
fourth intercostal thoracotomy was performed. The interlobar
portion of the left PA was used for the experiment. A 2-mm
plastic catheter with an 18-gauge needle tip was gently in-
serted into the PA, and PA pressure was measured until the
values stabilized (for approximately | minute). Bleeding dur-
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ing this procedure was negligible. Next, the vessel wall ad-
jacent to the needle insertion site was held with fine-toothed
forceps, and the vessel wall was resected with fine scissors so
as 1o expand the needle hole proximally. Accounting for the
thin and soft PA wall, we preferred this procedure to the use
of a punch device. In our preliminary experiment, the lacer-
ation thus created was approximately 4 mm X 2 mm. The
needle catheter was removed, and free bleeding was visually
confirmed for approximately 3 seconds, after which it was
controlled by manual compression, Blood in the thoracic
cavity was thoroughly suctioned. TSF (TSF group. n = 4) or
TC (TC group. n = 4), both 1.5 cm X 1.5 cm in size, was
prepared for application. Manual compression was released,
and immediately the sheet was applied to cover the lacera-
tion. Manual compression was applied over the sheet for |
minute. If bleeding was not controlled, an additional sheet
was applied followed by another minute of manual compres-
sion. This was repeated until bleeding was visually con-
trolled. Bleeding during this period was absorbed using
gauze, and measured in grams. Hemostasis was confirmed by
observation for an additional 10 minutes, and then the chest
was closed. Ketoprofen (1 mg/kg) and ampicillin sodium (135
mg/kg) was injected intramuscularly. The animals were al-
lowed to recover and then were returned to their cages. After
4 weeks, the animals underwent rethoracotomy under general
anesthesia and the left chest cavity was observed. The inter-
lobar portion of the left PA was carefully inspected for traces of
secondary bleeding, for the magnitude of tissue adhesion. and
for the presence of residual materials. PA pressure measurement
was performed as previously. distal to the site of vessel injury.
The animals were killed by pentobarbital overdose, and the left
PA was resected together with the left lung. The specimens were
fixed in 10% buffered formalin, and embedded in paraffin.
Three micrometer paraffin sections were stained with hematox-
ylin and eosin for histologic examinations.

The School of Medicine Keio University Institutional
Animal Care and Use Committee approved all animal studies.
which were performed in accordance with the Guide for the
Care and Use of Laboratory Animals published by the Na-
tional Academies Press.

Data are shown as mean * standard deviation. Compar-
isons were made between groups using unpaired 7 test and
within groups using paired [ test (StatView, SAS Institute
Inc.. Cary. NC). Significance was assumed at p < 0.05.

In Vitro Measurement of Fibrin Formation

The fibrin clots were prepared for in vitro analysis as
follows. In the TC group, a piece of the sheet (0.5 cm X 0.5
em) was soaked with 50 pL. of saline containing 10 U/mL of
facior XIII, 50 U/mL of recombinani thrombin, and 25
mmol/L of CaCl,, and then incubated for 5, 10, and 30
minutes at 37°C. The reaction was stopped by adding 50 pL
of stop solution (4 mol/L urea, 5% sodium dodecyl sulfate
[SDS], and 10% 2-mercapto ethanol). Fibrin was dissolved

. ovemnight.
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Fig. 1. The appearance of thrombin sheet immediately after appli-
cation. The pulmonary artery laceration can be seen hrongh the

applied sheet (arrow),

In the TSF group, 12.5 pl of 20 mg/mL fibrinogen
containing 25 mmol/L of CaCl, was added to TS (size, 0.5
cm X 0.5 cm: thrombin, 75 U/cm?), and incubated for 5.
10, and 30 minutes at 37°C. The reaction was stopped by
adding of 12.5 uL stop solution as in the treatment for TC.

SDS-polyacrylamide gel electrophoresis was per-
formed according to the method of Laemmii.'® About | ug
of fibrinogen was subjected to SDS-polyacrylamide gel
electrophoresis on a 7.5% polyacrylamide gel under reduc-
ing conditions. The gel was stained with Coomassie bril-
liant blue R-250.

RESULTS

All the ammals survived. Body weight was comparable
between groups before the experiment (TC vs. TSF, 10.0 = 1O
vs. 10.4 = 0.2 kg, p = 0.50) and at 4 weeks alter the experiment
(TC vs, TSF, 11.6 = 09 vs. 11.7 % 0.6 kg. p = 0.1). Within
groups, body weight was increased in both groups at 4 weeks
after the experiment (TC group p = 0,03, TSF group p = 0.01)

Hemostasis Using Recombinant Thrombin Sheet

Mean PA pressure was comparable between groups
TSF, 28 =
mm Hg. p = 0.96) and at 4 weeks aflter the experiment (TC
ve, TSF.32 £ 3 va. 30 = | mm Hg, p =

groups, mean PA pressure was comparable in both groups

belore vessel lacerution (TC vs dvs, 27 9

0.2). Also, within

at 4 weeks after the experiment. compared with values

I'SF roup

0.59,

before vessel laceration (TC group p
p 0.21)

Hemostasis was effectively achieved in both groups after
sheet application. In the TSF group. the laceration could be
clearly seen through the sheet (Fig. 1, arrow). The number of
sheet application and compression procedures required for
hemostasis was increased in the TC group compared with in
the TSF group (TC vs. TSF, 4 * | vs. | = 035,p = 0.01). The
time required to achieve hemostasis was increased in the TC
group compared with in the TSF group (TC vs, TSF, 7 £ 3
0.01). The amount of bleeding
during the hemostasis procedure was increased in the TC
group compared with in the TSF group (TC vs. TSF, 48 = 12
0.01).

At 4 weeks, rethoracotomy revealed no apparent indica-

vs. | * 0.5 minutes, p =

v&.3x3gp

tion in either group of delayed bleeding, such as intrathoracic
hematoma formation or excessive adhesion formation in the
vicinity of the PA. Macroscopically, adhesion of the lung o
the site of sheet application was more apparent in the TC
group compared with the TSF group. Residual material was
present in both groups, and more prominent in the TC
group. Histologically, the vessel lumen was well sustained
in both groups, with no apparent stenosis or thrombus
formation. However, thickening of the adventitia and the
perivascular sheath seemed to be more prominent in the
TC group (Fig. 2)

In vitro fibrin formation was more prominent in the
TSF group compared with in the TC group. In the TSF
group, y-y cross-linking was formed within 10 minutes,
and a-a polymer was observed. On the other hand, we
identified only a trace amount of y-y cross-linking in TC
group (Fig. 3).

Flg. 2. Histologically, the lumen of the repaired vessel was well sustained in both TacoComb (A), and thrombin sheet (B) groups. However

thickening of the adventitia, und the perivascular sheath seemed more prominent in the TacoComb group (A), compared with the thrombin

sheet (B) group (Hematoxvlin and eoyin stain; original magnification, x2),
/¢
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Fig. 3. SDS-PAGE of in vitro formed fibrin in thrombin sheet plus
liguid fibrinogen (TSF group), and TacoComb (TC greup), Lane [,
molecular weight marker; lane 2, fibrinogen; lane 3, TSF group
reaction for 5 minutes; lane 4, TSF group reaction for 10 minutes:
lane 5, TSF group reaction for 30 minutes; lane 6, TC group
reaction for 5 minutes; lane 7, TC group reaction for 10 minutes;
lane 8, TC group reaction for 30 minutes. In vitre fibrin formation
was more promineni in the TSF group compared with in the TC
growp. In the TSF group, y-y cross-linking was formed within 10
minutes, and oe-a polvmer was observed. On the other hand, we
identified only a trace amount of y-y cross linking in TC group.

DISCUSSION

Fibrin-based sealants have been commercially available
in Europe and Japan for many years, Most formulations come
as solutions of dissolved thrombin and fibrinogen, which are
mixed on application. This form of liquid application is
obviously not well suiled for hemostasis in vessel injuries
where there is significant outflow of blood. Solid material is
more suitable because it can withstand the initial outflow of
blood. and can be held with pressure after application. To this
end, dry fibrin-based hemostatic materials are being devel-
oped extensively for potential use, particularly in trauma.**"'
These materials should optimally contain both compoenents,
thrombin and fibrinogen. lyophilized onto a sheet material
ready for immediate use. Dry materials are also easier to
store, particularly for use in combat settings. TC is one such
material commercially available in Europe and Japan.'® Sim-
ilar dry-sheet 1ype fibrin-based sealants have been exten-
sively evaluated in a variety of hemorrhage models, The
results are promising.

Compared with dry materials, TSF is semidry, and may
not be ideal for use in trauma settings because liquid fibrin-
ogen needs to be separately prepared. But our attempt 1o
include dry fibrinogen into a sheet material considerably
increased the rigidity of the sheet. as is the case with TC. To
this end, the TSF is quite supple and conforms considerably
better to the contour of the applied site in comparison with
how well TC conforms. We considered that this may be

786

advantageous for bleeding during surgery, particularly from
the PA. which is distributed three dimensionally in the tho-
racic cavity with branching from short segments and is sur-
rounded by lung tissue. which inflates and deflates during
ventilation.

In the present study., we investigaled the efficacy of
fibrin-based sheet type matenals in a PA injury model. He-
mostasis in vessel injury has been evaluated quite extensively
in swine aortic models.**"" Considering the size of the
animals used, approximately 10 kg dogs versus approxi-
mately 40 kg pigs, we consider the laceration size in the
present study (4 mm X 2 mm) to be sufficiently large.
relative 1o the laceration size in the widely reported swine
model of aortic bleeding (4 mm * 4 mm). In our preliminary
experiment, PA injury could not be controlled by manual
compression alone.

Both TSF and TC were capable of adequately controlling
PA hemorrhage in this study. Because PA pressure is signif-
icantly lower compared with systemic artenal pressure, re-
duction in blood flow caused by stenosis may more readily
ensue compared with the response of arteries of similar cal-
iber. Based on the PA pressure measurements and histologic
observations, vessel stenosis or intraluminal thrombosis was
not apparent with the use of either material in this study 4
weeks after application, despite the relatively large laceration
size. Histologically, thickening of the adventitia and the
perivascular sheath was suspected in the TC group, which
may in part be because of the increased number of sheet
applications.

Overall, the efficacy of TSF was superior to that of TC in
this particular experiment. A single application of TSF was
sufficient to achieve hemostasis in all but one animal in
which the sheet was misplaced, and the vessel laceration was
only partially covered on the first application. Compression
time of approximately | minute was also very short albeit that
the bleeding was from the PA and not an artery. These results
were observed presumably because the adhesion was stron-
ger, faster. and the sheet was more pliable in TSF compared
with in TC.

Fibrinogen is a multidomain protein composed of three
polypeptide chains termed Aa, BB, and y. Thrombin binds to
fibrinogen and cleaves fibrinopeptide A and fibrinopeptide B,
and assembles to form fibrin. In the presence of factor XIII
and Ca*", fibrin undergoes intermoleculelar covalent cross-
linking, which was not as prominent in the TC group com-
pared with in the TSF group. The stronger and faster adhesion
may have been at least in part a result of the facilitated
formation of fibrin in TSF as shown in vitro, although in vivo
relevance may be less because tissue-derived coagulation
factors exist. TSF also allowed for visualization of the lacer-
ation through the applied sheet, which was not possible with
TC. This enables suturing of the iaceration through the TSF
for a more definitive hemostasis (data not shown). This prop-
erty can be considered comparable with what is reported for
the American Red Cross fibrin dressing.*” Although we do
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not have any experience with this material because of lack of
access, the reports indicate that the American Red Cross
dressing also achieves supenor hemostasis compared with
that of TC. Adhesion of TC to the surgical glove during
manual compression was another problem. TC had to be
gently scraped off the glove with [orceps Lo leave the sheet in
place, which was not the case with TSF, Furthermore, after 4
weeks, TSF induced less adhesion compared with TC, sug-
gesting better biocompatibility, although this difference may
just be because of the number of applications required. It is
true that both materials sufficiently controlled bleeding in this
experimenl. However, we think that TSF would be much less
stressful to use in a setting of unexpected PA bleeding,
considering the multiple applications required for TC. as well
as the additional blood loss that occurred during this period.

Despite its efficacy, there are certain constrainis associ-
ated with fibrin-based materials such as availability and cost.
It is also true that fibrin-based materials carry a nsk of
pathogen transmission, although today this is considered 1o
be minimal as a result of improved screening and purification
techniques. To alleviate some of these problems, we used
recombinant thrombin for TS and development of recombi-
nant fibrinogen is in progress. Ongoing preliminary studies in
rabbit aortic injury models also seem 1o be promising. Studies
are necessary to further clarify the hemostatic efficacy of this
material in other organ trauma models and in coagulopathic
animals.

We thank Dr. Yuji Nishiwaki. Department of Preventive Medicine and
Public Health. for s helpful comments on statistical analysis.
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EDITORIAL COMMENT

The authors have demonstrated that a new fibrin-based
sheet material that is combined with liquid fibrinogen
immediately before use (TSF) provides superior hemosta-
sis when compared with a commercially available fibrin-
based sheet matenal, TachoComb (TC). in a canine model
of hemorrhage from an acute pulmonary artery injury.
They reference a similar study showing hemostatic supe-
riority of an American Red Cross dry fibrin-based sheel
dressing for obtaining hemostasis from acure injury. They,
also, reference studies showing excelient hemostasis for
systemic arterial hemorrhage, which, of course, occurs at
a much higher pressure than that seen from pulmonary
artery hemorrhage. Although the authors point out that
there are subtle differences in the physics of the injured
low-pressure pulmonary artery compared with the high-
pressure aortic perforation. the enhanced efficacy of the
TSF in this lower arterial pressure system is predictable
Furthermore, the injury described, herein, might be en-
countered by a thoracic surgeon doing extirpative surgery
for intrathoracic tumors but would be rarely encountered in
the injured patient who, typically, would have associated
lung injury. Thus, the application of this technique 1o the
injured patient is limited.

This reviewer eagerly awaits subsequent reports de-
lining the benefits of this product in the hands of thoracic
surgeons.

Charles E. Lucas, MD

Wavne State University

Detroit, Ml
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Cross-linked poly (gamma-glutamic
acid) attenuates peritoneal adhesion

in a rat model

Yotaro Tzumi, MD, PhD,* Michiko Yamamoto, BS," Masafumi Kawamura, MD, PhD.*
Takeshi Adachi, MD, PhD," and Koichi Kobayashi, MD, PhD,* Tukys, Jupun

Background. Poly (gamma-glutamic acid) (PGA) is a naturally occurring biodegradable polymer
produced by Bacillus subtilis. PGA is crosstinked by gamma-trradiation to yield crosslinked PGA
(XL). XL absorbs lavge amounts of fluid and forms a biodegradable viscous hydrogel. In the
present study, we evaluated the anti-adhesive effect of XL in a rat abdominal wall defect und

cecal abrasion model.

Methods. Abdeminal wall resection and cecal abrasion were coomed oul i rats {abvasion-ne-treatment
group, n = [2). In the treatment groups, the following materials weve applied: PGA (n = 12), XL
(n = 16), hyalwonic acid (HA) (n = 12), Seprafilm (n = 12), and Interceed (n = 10). A week

later, adhesion formation was Foaluated.

Results. Firm adhesions were seen in the abrasion-no-treatment group. XL veduced adhesion formation

significantly compared with ab

ne-treatment, HA, Seprafilm, and Interceed groups. Although not

statistically significant, the magnitude of adhesion formation was decveased m the XL group in

comparison to the PGA group.

Conclusions. We suggest that the anti-adhesive effect of XL was superior to other materials in ths rat
model. X1 application may have attenuated tissue adhesion by forming a viscous hydrogel over the

inured surfaces. (Surgery 2007:141:678-81.)

From the Department @"Suq‘{rq, Division vf Geneval Thovacie Surgey,” and Department of Biochemistry and
Integrative Medical Biology," School of Medicine, Keto University, Tokyo, Japan

THE CONSEQUENCES OF ADHESIONS after abdominal
operation include small-bowel obstruction, infertil-
ity, chronic abdominal pain, and difficulty of a
second operation. As longevity is increased, more
patents are likelv 10 undergo muliiple operative
procedures during their lifetime. With the advent
of minimally invasive video-assisted operation, the
frequency and magnitude of postoperative adhe-
sion formation has decreased dramatically in all
fields of operation. Adhesion formation, however,
occurs o some extent even in videoassisted oper-
ation, and there are still many instances where
open operation is required, The search for an ef-
fective anti-adhesive agent has been ongoing for
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decades. Although some agents have shown prom-
ise in preclinical and clinical studies, their efficacy
currently is by no means satisfactory.

Poly (gamma-gluamic acid) (PGA) is a naturally
occurring, biodegradable polymer produced by a
strain of Bacillus subtilis.' PGA can be crosslinked
by gamma-irradiation w0 yield crosslinked PGA
(XL). In the presence of fluid, XL forms a biode-
gradable viscous hydrogel capable of holding water
approximately 1,400 times its dry volume.” There
are many ways to crosslink polymers such as PGA to
create hydrogels with high water absorption.
Among these, irradiation is most convenient, be-
cause it uses no chemical agents that require sub-
sequent removal, and it often expedites the need
for additional sterilization. Research into the appli-
cation of XL for cosmetics, purification of sewage,
drug delivery systems, and reforestation is in
progress currently. Based on its ability to absorb
fluid and form a viscous hydrogel, we hypothesized
that XL may be effective as an anti-adhesive agent.
In the present study, we evaluated the anti-adhesive
effect of XL in a rat abdominal wall defect and
cecal abrasion model.
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MATERIALS AND METHODS

Animal experiment. Male Donrvi rats, 5 to 7
weeks old, weighing 150 1o 200 g (Saitumasjikkenn,
Saitama, Japan) were used for this studv. The ani-
mals were housed 3 per cage in 4 temperature-
controlled, 12-hour light/dark-cyeled room with
free access to toud and water. The rats were anes-
thetized with an intramuscular injection of a cock-
tail of 90 mg ketamine hydrochloride (Parke-Davis.
Morris Plains, NJ) and 9 mg xylazine (Fermentia,
Kansas City, MO) per kg body weight. Operatve
procedures were carried out in a semisterile envi-
ronment under a heating lamp. Abdominal wall
resection and cecal abrasion was carried out as
reported previously.” In brief, the ventral hair was
clipped with an electric shaver, and the abdominal
skin was painted with 70% alcohol. A 5-cm midline
abdominal incision was made. In all the rats used,
the cecum was located to the left of midline. The
left abdominal wall covering the cecum was re-
tracted. A 1 X 2 em segment of panetal peritoneum
directly anterior to the cecum was excised sharply
from the abdominal wall including a layer of un-
derlying muscle. The defect was then abraded by
rubbing with a dry gauze. The cecum was also
abraded by rubbing with dry gauze so that a ho-
mogenous surface of petechial hemorrhage was
created over a 1 X 2 cm surface. Both the abdom-
inal wall defect and the abraded cecum were dried
in hot air with a hair dryer for 20 seconds, and then
exposed to room air for 10 minutes. The rest of the
abdominal contents were protected from drying by
placement of moistened gauze. The abraded areas
were then placed in contact, and the midline inci-
sion was closed (abrasion-no-treatment group, n =
12). The animals were allowed to recover from
anesthesia, and were returned to their cages.

In the treatment groups, the following materials
were placed between the abraded areas at closure.
PGA (BioPGA, Meiji Seika Kaisha Lid, Tokyo,
Japan), (PGA group, n = 12), XL (BioPGA-XL,
Meiji Seika Kaisha Lid) (XL group, n = 16), hyal-
uronic acid (HA group, n = 12) (molecular weight
2 % 10% Meiji Seika Kaisha Lid), Seprafilm (Se-
prafilm group, n = 12) (Genzyme Corp. Cam-
bridge. MA), and Interceed (Interceed group, n =
10) (Ethicon Inc. Somerville, N]). BioPGA and
BioPGA-XL. are powders. In the PGA and XL
groups, BioPGA or BioPGA-XL was sprinkled to
cover the abraded area. In the HA group, HA was
applied as a 0.4% solution in phosphate buffered
saline as reported previously.' Two milliliters of the
solution was applied over the abraded area and
allowed to spread in the abdominal cavity. Se-
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prafilm and Interceed are sheets. In the Seprafilm
and Interceed groups, the sheets were trimmed
and applied so that the entire abraded areas were
covered completely. One surgeon (Y.L) carmed out
all the operations but was blinded to the random-
ization while carrying out the abrasions.

Seven days later, the rats were anesthetized, and
a relaparotomy was carried out through a right
paramedian incision to avoid damaging the site of
adhesions. Adhesions were scored by a adhesion
severity scoring system reported previously

0 = no adhesions:

1 = loose filmy adhesions that can be separated by blunt
dissection;

2 = adhesions requiring less than 50% of sharp dissec-
tion for separation;

3 = adhesions requiring greater than 50% of sharp dis-
section for separation;

serosal injury,

full-thickness injury.

4
b

non

Scoring was done by M.K. who was blinded to the
group assignment. Scores were averaged within
groups.

Body weight of the animals were measured be-
fore operation and 7 days after before scoring the
achesion. For comparison, body weight also was
measured in animals receiving no intervention
(control group, n = 6), and in animals receiving
anesthesia and laparotomy without abrasion (lapa-
rotomy-only group, n = 6).

All animal studies were approved by the School
of Medicine Keio University Institutional Animal
Care and Use Committee and were carried out in
accordance with the "Guide for the Care and Use
of Laboratory Animals” published by the National
Institute of Health.

Data are presented as mean * standard devia-
tion. Adhesion scores were compared between
groups using Kruskal-Wallis Dunn's test (StatMate
I11. ATMS, Lid, Tokyo, Japan). Changes in body
weight were compared between groups using
ANOVA Bonferroni's test (StatView, SAS Insti-
tute, Cary, NC). Significance was assumed at Pless
than .05.

RESULTS

Animal experiment. The distribution of adhe-
sion scores is shown in the Table, With the excep-
tion of 1 animal, adhesions were absent in the XL
group. The average adhesion score was less in XL
(0.1 = 0.3) compared with the other groups of
abrasion-no-treatment (3.4 = 1.1), HA (3.0 £ 0.9),
Seprafilm (1.8 * 0.6). or Interceed (2.4 = 0.8).
The average adhesion score did not differ between
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Table. Distribution of adhesion scores in each
group are shown

Group  Abrasion-
adhesion no-
score treatment PGAT XL* HA Seprafilm  Interceed

o 0 9 15 0 0 0
1 1 5 1 0 3 1
2 0 2 0 5 8 5
3 6 0 0 3 1 3
4 3 0 0 4 0 1
5 2 0 0 0 0 0

HA. hyaloronic acid; PGA, poly (gammaglutamic acid); XL, crosslinked

poly (gammuaghuamic acid),
*Differs from all other groups except PGA (P < ,05)
tDiffers from abrasion-nodrestment, HA, and Interceed (P < .03).

the XL and PGA groups (0.6 = 0.7). The average
adhesion score was less in PGA group compared
with abrasion-no-reatment, HA, or Interceed
groups, but not in comparison to the Seprafilm
group. There were no differences between the
abrasion-no-treaument, HA, Seprafilm, or Interceed
groups.

No apparent changes in behavior were seen in
any of the animals. The percent changes in body
weight in the abrasion-no-treaunent, PGA, XL, HA,
Seprafilm, and Interceed groups were 93 = 3,
104 £ 7,105 £ 6, 93 = 4, 97 = 6, and 97 £ 7,
respectively. Body weight remained greater in the
Seprafilm, Interceed, PGA, and XL group com-
pared with abrasion-ne-treatment, and HA groups,
but only PGA, and XL groups reached staustical
significance. In the control and liparotomy-only
groups, the percent increase in body weight during
7 days were 138 £ 3 and 119 = 3, respectively,
Increases in weight were greater in the control
group compared with the laparotomy-only group
and in the laparotomy-only group compared with
any of the animals that underwent abrasion (P <
.05 each).

DISCUSSION

Mechanical separation of injured surfaces is a
strategy for preventing the formation of tissue ac-
hesion. Ideally, the material shoulel be easily appli-
cable, biodegrudable without sysiemic effects, and
can be applied repetitively il multiple operations
are required. Materials of this kind come in various
forms including liquid, powder, and sheet prepara-
tions. We evaluated the formation of adhesions in
this rat model 7 davs alter operation based on a
number of studies that indicate that adhesions be-
come established within 7 davs of tissue injury® and
because in a rat model, adhesions presenting at 1

Surgery
May 2007

week were persistent at 6 months.” The extent of
tissue injury in this experiment was probably
greater than what we encounter commonly in clin-
ical practice, but adhesions of this magnitude may
be present in patients who have undergone multi-
ple operations. The increase in body weight during
the 7-day observation period was suppressed in
these groups receiving abrasion compared with
only-laparotomy. This suppression in weight gain
may have been attenuated by the application of the
anti-adhesive materials of PGA and XL. The results
also showed that weight suppression was not attrib-
utable to any of the materials applied.

In the present study, the efficacy of HA was not
clear, consistent with previous reports indicating its
efficacy only when applied before abrasion is cre-
ated.” Lubricating agents such as HA have shown
some effect when used before injury, but this is not
always possible in clinical practice. The sheet ma-
terials of Seprafilm and Interceed are available
commercially. Although the average adhesion
scores did not differ from the abrasion-no-treat-
ment group, their efficacy in this study was compa-
rable to previous preclinical studies using these
materials in various laparotomy models, notwith-
standing that the models differ slightly from study
to study.”” Both these agents decreased the severity
of adhesion formation, but sharp dissection was
required to some extent in most animals. Although
our study groups were relatively small, the anti-
adhesive effect of XL seems to be superior to other
materials in this particular model. Although the
difference in the average adhesion score between
XL and PGA did not differ, adhesions were absent
in the XL group with the exception of 1 animal;
thus, we believe that this material deserves further
investigation. The efficacy of anti-adhesive agents
is reported to be related, at least in part, to the
agents' viscosity, its ability to coat the wounded
surface, and the residence time at the site of
injury.” We know that XL forms a viscous hydro-
gel, and this hydrogel may have coated effectively
the wounded surface for a sufficient period of time.
Further studies are necessary to elucidate the exact
mechanisms involved.

One may question the dose-equivalency between
the different forms of the materials used in this
study. Although it is not possible 1o compare ex-
plicitly liquid, powder, and sheet, in the present
study, materials other than PGA and XL were used
according to previous reports. As for PGA and XL,
we used the minimum amount required to cover
sufficiently the abraded area. Further dose-efficacy
studies along with studies on potential side effects
are necessary to determine the most appropriate
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dose. Each material has advantages and drawbacks,
Liquid materials such as HA disperse in the abdom-
inal cavity. Some investigators claim this property
o be beneficial, because it interferes with all po-
tential adhesion formation. Prevention of adhe-
sions remote from the site of application may not.
however, always be advantageous. Adhesions miy
represent the process of healing and thereby func-
tion to prevent or ameliorate postoperative bleed-
ing or dehiscence of gastrointestinal anastomoses.
The use of drainage tubes after operation may
evacuate extravasated secretions or exudate in the
abdominal cavity, and at the same time, the ant-
adhesive material may interfere with this drainage.
To this end, sheet materials, such as Seprafilin and
Interceed, provide localized anti-sadhesive etfect,
but materials in the forms of liquid or powder may
be more easily applicable from the ports in video-
assisted operation. Because XL forms a hydrogel by
absorbing surrounding fuid, it eventually disperses
in the abdominal cavity with time. This property
may be overcome by embedding the powder in a
sheet material to provide better localization. It
may also be possible to incorporate factors that
regulate adhesion formation within the XL hy-
drogel. Further studies are necessary to evaluate
the anti-adhesive effect of XL, including studies
in relaparotomy models, as well as other models
of adhesion. Regarding its safety, studies in exper-
imental models including intraperitoneal gastroin-
testinal anastomoses are necessary because this

Irumi ot al 651

material may interfere with wound healing of anas-
tomoscs. We assume that the XL in the abdominal
cavity is degraded by hvdrolysis and absorbed, bt
long-term observations are necessary to further de-
fine its metabolism,

We thank Dir. Yuji Nishiwaki, Department of Preventive
Medicine and Public Health, for his comments on the
statistical analyses.

REFERENCES

Shib IL. Van YT. The production of poly-{gamma-glramic

acid) from microorgantsms and s various applications.

Bioresour Technol 2001;7%207-25

Choi H], Runioka M. Prepartion conditions and swelling

equilibria of hvdrogel prepared by gamma-imadiation from

miciobial poly (gmmaglutamic acd), Radint Phys Clhem

19954 754,

3. Harris ES, Morgan RF, Rodeheaver GT. Analvsis of the kinet-
Ies of peritoneal adhesion formation in the mtend evaluanoen
of potential antidhesive agenis. Surgery 1995: 11 7:665.0,

4. Yancoh Y. Istael AA, Goldberg EP. HA Prevention of postop-

erative abdominal adhesions by tissue precoating with poly-

mer solutions. | Sury Res 1903:55422.6

Oncel M, Remzi FH, Senagore Al Connor JT, Fazio VW,

Comparison of a novel higuid (Adcon-l and a sodinm hyal-

wrenate and carhoxymethyleellulose membrane (Seprafilm)

in postsurgical adhesion formarion in o murine model. Dis

Colon Rectum 2003:46: 187491

5. Rvan GB, Grobety |. Majno G- Postoperative peritoneal ad-

hesions. A sudy of the mechanisms, Am | Pathol 1971;

B | 1548,

Bvan CK. Sax HC. Evaluation of a carbosviethyleellulose

sponge for prevennon of postoperative adbesions. Am | Surg

105 168 1540,

[

™

_246_



Journal of Transfusion and Cell Therapy, Vol 53. No. | 53(1) - 47—55, 2007

— @i H)
AEJOEVIMEE (HbV)-UIVEF Y FPIVIZV/GRERICED
40% 3ZREI - 5 v MIRA HbV REEEMCET 3 2 AMOBR'

i BA MEZAEAY WwEx Y mE K=" RN KE
i EET  tE K& AH

Sscondary Publication —

(R MOREBE LTHREAL~TZOE LK (HbY, NESI28lmm) 220 T, BRESRBICLD
FTOMEAMBEHNFES I ZNTEL LA LESROPEENZENAR HI@RAERIZBITS HV 0F
Migmic oW TR FLREPB SN TV id o7 (Hik) Wistar £ » b (&, 6008 %AV, HbV % 5g/
dLIBED) I EF 7 PP AT I CBHE GHSA) C4H 2488 (HbV/THSA), 7~ FBRFRMRT rHSA
IZA M s Bl (sRBC/rHSA), Bk rHSA MR T, HROERD 0% FRRZRLLE TORBE 14
HMoOMBEEN, MBELEOmE. SIUaBRaTomE ML~ (M%) HbV/rHSA B X rHSA BT,
MEERBIETFLAATR2Y o 4 (Het. #26%) 4% 7 BHRICIZERNOM (43%) IFTEMLAE. m
IYAOHZIFCREIR, SRTLALY HICrHSART I HRCRLBVEERL (321 £1231U/L), RilAm
SRBLAE¥R Shs: (HbV/rHSA. 153222 ; sSRBC/rHSA, 637 : baseline, 21=3). 7, Mi-£HTR
BB A B9 7 (HbV/rHSA >rHSA >sRBC/rHSA). #MMTEMMNE S S, BRICHER S hs HbV it 14 BRA
IZRLIZHELE. LL, AEYF) L#H HbV/rHSA 815 L 0F sRBC/rHSA BicBw 6. 74, rHSA
B HOV/rHSA BORRA-EROFFRIEEL L. (HR) 0% ZRMMIZB3 VT, KEZRORIEHEAE
ATHREIRENZEROMFE L AROBBRLET, HbV AHEANSAIARNFHELAAL. T4 A0BED
Tk D Ha A7 BNt EMmE @iliT 2 L £HEL.

F—O—F: ALm#. ATEERRE ATHRMR V+Y—4 RFA0SEH

"EMTH®IE, Transfusion iENME 5 L OF Blackwell Publishing #t0F8[@ 6 £, Transfusion P 468 MIH 330 H-347T A,
2006 FIMPLAREN B LIETAHNL - LOTH S (This article is based on 2 study first reported in the paper : Sakai H, Hor-
mouchi H, Yamamoto M. Theda E. Takeoka S Takaori M. Tsuchida E. Kobayashi K : Acute 40 percent exchange transfusion with
e icles (HbV) pended in bi human serum albumin solution © degradation of HbV and erythropoiesis in & rat
spleen for 2 weeks Transfusion 46 (3} © 339-347, 2006)

LECEEES TES- 35 ] | “5d

" P

. W =B

ANEZUE Y (Hb) #HA LA TREERE (Hb-
based O: carriers, HBOCs) DEF 5 Ry MM TR
L. MEMBROBREICSH 5 HH L RSN TV S™
HBOC @# A2, maiimCk MEkEEes
MHRTEDZE, 24 FMRI-HEBLTREMMOR
HNEREZ ETHLY. MPEREM RMRIC R
LT2~3HEEVEDDY, s L ERMOMEH N

HEhTWE Ml DERROHNES 270
BERELT, MmETOREELTORSY, 2) ¥
HOmMARR, #PORMICHTIRSICE), Bl
DER WiTEDERCELTRY, 3) LRTFROR
AT S ENAREROMTRL LTORA, )R
FEMA L LT, RnEED: X RN ERXRED
UBRWL LTOHM, 2EFHD™.
BELHMRBLA~EXOE 2 hRE (HV) 12,

1) BREAYE T FRAR

2) RERRAPEREAN

1) REERCPEFENREHR

4) RREXFRTEER

5) WERE LMK

(&41H 2006 % 10 A5H, 28O -2006% 128 12H)

Presanted by Medicai*Online

_247_



48

MROARRR, SMEL - RREWRE L + Hb iBR
ERARCENLARMEFRAT L T2 Filns
LEUOMRME LD, RERREHT IS FHHD
& i E AR & o RN G BT B E A 5
fispic# 5 S h/- HoV iz, ERmmErEi g
R ZEEME R (RES. Reticuloendothelial system)
T7O077—=VIiCHR ARMENSILSATESR
Br6BLPIIoTWE" ", ZhiTi, HHYV
FE rMEEROTATI YRRV IVYEF Y FTR
73 B (HSA) 2 A S, R m AR B0~90%
LXRTIEEOMMAREE 50% Binic k2 Ml
Brav 2EFLHTIRERRS T BMEHICE
VTRILR: ASORETREFEES N TELT T
LiL, B5BESHOES - §FI-Tan. FEY
BRI SN TV e

I CARBRTIE, HbV % rHSA Bz F s 27
R B v, R IZBE 2 115 40% O mBAERE 5 »
PEFAERRAVTHY, FO&2EAMEoREL -
7o MEEELFRE MEEORE SERNREHR
T4, HIZRES 128172 HHV UM L Het DE
MARBICOWTHEHERLA HEARFES RZREA
HESORCIE, FRIDOBREROBRCSHAETTH
pwmn o w E{kRm R TR A h D
SEAFELATVLOTY, KR T, MlLET L &
LTEHEROIRERG LSS LERL. BR~OK
FLERREL .

2. HH - Fik

2-1. rHSA (CHB & €4 Hov OEN

HbV it WM AT, BRICHE-> TMB LAY,
WEE b HY B, HEF T SREE -0
ROhe FiRmIRE D AE L2 HbV (2 38g/dL @ Hb
BHEERALTVE. 7R 7Y v 2W@FE LT pyri-
doxal 5-phosphate (PLP) #&# ¥+ % (Sigma-Aldrich
Co., St. Louis, MO, PLP : Hb=25 : | by mol). HbV
DORFRMIZiL, 1 2dipalmitoylsn-glycero-3-phosphatid-
yicholine, cholesterol 15-O-dihexadecyl-N-succinyl-L-
glutamate{ HFM{E, X&), B L] 2distearoylsn-
giycem&plxnphaﬂdylethnmhmew PEGso ( H 257l

B, WE) A, 5/5/1/0033 OWMATHEL TS, =
FhE2T 7R, ) AMAEORIEIC L N 01EU/
mLEATTHEIEEMBL™ WALEN/ 7 £ —
FELT, MEMNE (Po) #*27Torr, M 25181
nm, metHb S Ri2I% LUFTH 7= HbV 7 BH
([Hb] =10g/dL) 86mL % rHSA i (25g/dL) 14
mlL L@ AL, HbV 5L Ty 240 rHSA it
% 5g/dL (=MW L7:. #-CT. 67 HbV/HSA
@ Hb I 86g/dL 1= 10g/dL #86/(86+14)| i=%

lapanese Journal of Transfusion and Cell Therapy. Vol. 53. No. 1

5 ZOLABWREEIZ 20Torr, #E 29%cP 2% 3.
2:2. tHSA Il Z €7 v FREOORAR
I—FLHERT, Wistar 85 » POTKER» L2

ABm LA 5~ FMH10mL I L, iWEEAER(CPDA-

L M@t HN) 2 imLmz. FHLTICIETIL

MM ERE LS BN L AMBREL T »

FARMBOREEL ¢ FARAMBREERGFT 4 AMER

FLAVDOEA% - 22% BFE S078 (4000

g 10min) LTmikEmBEHEL, HEEERE

AESRMATELTEST LR _EMDEL L.

Z T 5g/dL @ rHSA ZifL TR €, HiE

LML TERAERE L, rHSA TihnL T Hb M

% 86g/dL (2N L 7= (sRBC/rHSA).

2.3, MATRER - 2 AMORE

Wistar 7 » F 65 EE R /2 (&, 223+20g). #
» 7 #— W (Abbot Laboratories, North Chicago, IL)
FMEEARS L (ImL/kg) BEHRE L L, FHRKIZH
JrFLWhF—F 0 (SP31) #A LA 1mL/30
sec DEMEMBORHFAESLRNVELTHO% D
MfEx®L - ARGz, HbV/ rHSA(HbV &,
n=20), sRBC/rHSA(sRBC B¥. n=20), 3 X UF rHSA
Wy (n=20) THL ~N—25—OHELHS
feth, SEDF v F2WE L

PRI S6mL/ kg M EMEL", Chi iR
LaMomMeZR+atflEL, ERICLES HbV
SHROREIM LA LomL OB - RESH5 48
NELLEEEETLE, 0% OmMPERIKATRES
ha.

40% =100 x |1 — [(0.056 = 4k 1K — 1.0) /(0,056 x K 1K) 17|

(1)

#BE5RE, nx10(ml) EHNTEL™ HE220
gnF v b OME, LEMITEOmML LS.

MR TR HF—FAiadLl, GEBRE R
% UMBERELL T PREOR F—YEA
hilE 4 BMEFS S 581 3, 7 48
EBSGSEERIRL, 15% EH7 0L Y BAKRT.
RBRL D 24G-FMst (=7 0HR) L@A L THREn
(150uL) L. A< b2 2 FEMEEMEL T2
(Model KX-21, ¥ZA» 2 A, #F) RMBELTTAS
RASHEMLL, mMaEEREomks L £0#
HEHEIERBLZMML, 10% k<1 i) A BSH
REKBEL, /774 8L um ORIz
DWT, AT bEYY v-x 4T (HE) e, <0
YryTh—fE BLU. FAa¥paekll

Bl (¥ 6mL) %:&.L5M (5000g. 107) L.
Mm% HOV A b RELTVWIBE (1, 3
Hg) 21k, WS (50000 2040) sk
CHhELRESRL. AWLM¥ENEEERES L, o

Presented by Medical*Online



HEMQERERTFSE Bae ¥ 5

400 3 0.
Body weight £ 08
B 300 H 0.6} (] Beseine
éaoo ? o] Bl Hovisa
= 5 | B A
3 S 02 SRBCAHSA
f; 0.0
60 2
o 200y
50
200
0 E _;150
z o 150 -
| o o
30 - = 100
g i % 100 =
20 § 5
10} 50 ¥
ol o 0

—

14

Bl 0sm@xsientcf, RAKRE 5 CFMRROR(E *p < 001 vs baseline : Fip < 001 va rHSA B
*p = 00288 vs sRBC/rHSA | # p = 00353 vs. sRBC/rHSA. B - baseline. (From : Sukai et al. Transfusion 2006 :

46 © 339~ 347, Blackwell Publishing. Oxford, UK)

500,
3 ] Baseline
400~ B HbV/rHSA
= B tHSA
S 300
E 200

Days

HZ v a@ZMRomd ) AokzF  OREE
ft. *p< 001 vs baseline : *'p = 00222 vs rHSA : 72,
p = 00195 vs. rHSA. B : baseline. (From : Sakai et al.
Transfusion 2006 . 46 © 339 - 347, Blackwell Publishing
Oxford. UK)

BELEMFE BT HV OFSBEREHBERL -
Boh/ AWML Hb A& 14, Hbv @l
VRN EARLE MESEIIMET T-80T 12T
WRBRAEL .. WESH L, R, PRS2 e
TLHABROMEINEDIEH, ) A0HTF L (EPO),
BLUHW OMEREERT L EL NI RER
g ¥UAEY BERSLL (BMLHE). 5~

F®O EPO IR, E @ EPO EOMPAEYBVOT,
E b EPO i COMMATRTSH - /2™

BRI A PELEDWKREN £OK
BEWTHENML . %/ Guidefor the Care and Use
of Laboratory Animal @ #§H 8- /2™,

2-4. ERRHILEE

BRIISTEY-WMREE (SD) L LTRELAE =
Y ro—ABLARROMOFH EEMEIZIL, Fisher's
protected least significance difference test 43 & 0¥ one
way ANOVA & B pAT001 LITOL & I-H
BhELHE L

3. B X

3. #H BRER LEYNREOER

SEX 0% TRRNICH I MBS I T TER
L7z Tdud, 5g/dL @ rHSA lOMHIZ L), B
HAAE EHRnEEE— 2 R5FOMERRET-
RIiABmELTETELONS SR (M 223g) i
4 HiRiZiz 300g ERIECTHRELA: (H1). XEL
CORBLERIBEO 2o/

R TIMREROEETIE HbV/rHSA BT
TS L, SHERICHEICHAL TV, 4EBICR
IERMECHL 7. rHSA BFCI2 1 BiEiCi2B ki At
JH@CaMICHAL, TORETL T4 BRIZIZE
BMIZMLA. sSRBCRFIZHOVEL D IZERIZEVS
ool BgreTHEETRREASR SN
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- 3 Free =3 0 HDLcholesterol
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= 80 = L =
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e P 2o i ]
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10r il §
g 20 8 il 3 % = 10
s w B 3 g
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1
200 Batadi tein 50 10 5

8

Bata-lipoprotein (mg/dL)
8

-

FFA (mEQ/L)
=

§ 2
¥ N
g 1
0 0
200 . 300
- Total Bilinubin
oy B
D 450 E 08
E = o5 3 200
100 § §
Z 04 .I‘I
50} 3 = B
3 Sozr
oL ) oMol Bl L EKEE
Tl T 14 VT P W LT g 1 3 7 14
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3 40% MAEREo MNE L EREOHE. *p < 00] vs baseline. Trigiyceride, TG : free fatty acid, FFA | base-
line, B. (From : Sakai et al. Transfusion 2006 ; 46 : 339~ 347 Blackwell Publishing. Oxford UK)

Het fliE, MM IL 43% Tho7o2% HbV/rHSA
BB LU rHSA B, Mg Het Mi0° 26% 128 F
L7:. 7 B#CIZZRM oM (43%) (2L, Fic 14
Hi#RIZI 46% (272, 228N o ili% 8 2 72 sRBC/rHSA
BT £580MIZE2 7, 14 HRTIzO_R
THELTEOOMERLY:. EYFRhE~€roy
>t (MCH), F¥HH mBRER (MCV). FHrmp
EYOE K (MCHC) cRE: B L, (H
L, HbV/THSAB Tt 1. 3 H# iz m# i HbV
HRELTVD20, MEFETH - sRBC/rHSA
BTit, | H#9 MCH 8 X I MCHC T F MBI A

Sdvf, Het @ & 1200, VRS J UFEHRRE
12, EELA-MEES L HbYV ¥ m b Hb
MAEIE, MAAEMECHEE 44g/dl PR 2 h, O,
1, 3 7H#Z 18201, 11201, 0g/dLIiZETF LA~

3-2. MAEE{ERRE

sk EPO i, il EMRELE A FLARER
BTIHETHN, MAERMO 212L3IUL D, 1H
I rHSABA321 £ 123TUL 2% L, SHUHbV/rHSA
FE (153+22), sRBC/rHSA M (6327) LhH LMl T
Hot (2. LALIHHIZRETHENZSD, 7
Az inmaoizmL 2.
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B4 HbV rHSA M5 2 0 cHSA BONBY OF LFRER (2), (b).(c) 2. HbV/rHSA
Mo 137 B M4 =40 HoV 128 Bodis (READ  RFRRRTEoE
BELTHE2hD (REHD. HbV (27 HiRIZEaE 0 MY+ 5. (d) HbV/ rHSA BR@
MHEORR. HbY (2R LL (o rHSAROINHONM. #ERUNE (8
weEtS, (HHBV /rHSA RO 3 H ORI LRFEORERMEETE, ROZAH |
AU T MM RHER - 260D Ar—ns5—[250um. (From : Sakai et al.
Transfusion 2006 © 46 * 339~ 347, Blackwell Publishing. Oxford, UK}

FOM. ASTHA 1 HHIZ¥ o L EmE s Lz
A% (HbV rHSA. 70=5U L : rHSA. 69=12 : sRBC
rHSA. 729 (EHM. 60=7), 3 HRIZIZIER M-
L7 ALT MU BibilEdho7 ALPB LUy
GTP x££ &Md H -7, CPK IXEE L T/
ERIZOWT, Z2LTHFZ 2. REIIEHMIN L 4L
o Tig—HICE FMBIAFR 6N =A(E 3). HbV
rHSA BROA&, W A—¥D) LR ZEH7-H. THRIZIZ
ERMC L 2 IR SRS 2Tt HbV rHSA
ETihoRILAFO-L, EBILAFO—LD
LA 3 HIBIZH SR T HiRIZIXIERRIZML 22
BUHER BELYHEATILZFO0— i, B L

BECHCHSA BCRFEBH- L. P 7YX
Y F LR CIEFMFNzS D, i HbV/rHSA BT L
INEBICHETH- L St Mz ERCTEL
Pl-amshi-Ztd—-HEEZLNL ) ZIRKIX
ARTHAIZI T NIz H - 2. EEIEDMEIL 14 B2
EHMMEREICH -7 €L E ZREE(<0Img/dL) it
TICEMATEBLL. EREREEFMnIch-7
A 14 HRIZ Iz mL 2.

33. BNsREYHAH

ERCHOTH, LR RS -EFETR2O0,-
7z HbV rHSA BTIZ 1.3 HiRiZiFs® 7 » 1 —HId.
FHn= 207 r—JICHR SN/ HBV MBS s
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HbV rHSA BF> (a) MR, (b} OFM. 35 50F () 4108 MM ENFRRIZ~E & 7Y 3445
fEL7: (d) sRBC/rHSA BORRIZ L AF &7 » W 3L, 24— nss—12 50um.
{From : Sakai et al. Transfusion 2006 : 16 : 339- 37, Rlackwell Publishing. Oxford. UK)

AKBIZHA L, 14 HERIZIRA%E L 72-. HbV rHSA
BFCI2 3 Hizm ) 28— ¥ ENAED S5,
W= KT s ks -7 HbV, rHSA BONR
DF LW Gl TIX, 1,3 HEISHAMSIME S h7- HbY
HELEHONA, LALTHRIZIRRYL, 4N
IR EL T (H4), KEBRUM L6 L THEIE
FRBIUMAFROM (B P2 {fEL, 1S
3 THRTHIETH-7:. WOBED &, EREENY
iAel X 7z rHSA BFTH 3 HINCAFHREE £ 2
Wiz fHMToOmMm L HbY rHSA BECHE St ~
Y T h—RefiZ L D, HbV rHSA BT 7 12l
BIZAESF0 A I S, 14 Higlz g8
iz (H5), @AIZHMED 2 - 8~ FIRdIZ S 2
HohA I ED -7 sRBC rHSA BT,
14 HERIZNBRIZAE 27 2Dl < s,

. % B

ARFFEIZ BT S KRB L, HBY THSA B2 L )
40% MAEZER ST F LA Het fifs 7 gz
PIEMLCE, 75 14 HEF T2 RESIZHIER =
7= HbV HRIFE LA L TH LS. HbV BROREIE A
3. HMB~D HbV O &, EPO 7l (2 B L Tl
VORIPERIZ E D AR IR S (e B s
BHTorEzons Lo LMBTGE L iz

TREHBL T

I TORAGHE T~ L 7z HbV o KN EE D F7E
A6, HbV 280 RES (2B 22 LA Tw
27 NEEAO ML 450585512 HbV
ARMMIZML ESNL S L THDHLC 14 HEEZILEE
T4 3k CombILATO—LORLH
% E5b, £ 72 HbV 25M0h TR M L & u KA S, HbV
MARESOT 707 r—YORARTHRTRENTHS
ILATFO—ANMPIZER L b EL LR
o HbV S dc 3 RO R TLL. S K
FLAFO=N, BEERRL ) RAOH LA 88
BELTPicMishzz". LaL. SHO 40% %
RGmABETIE. Thoo RiAR6RT. GLAK
FAZHIGL B 1 (- TRMROMES HbY. rHSA
TRMEINAWAIZIE, HDY ORPUESARNTH D
B S iR Rl S e RENEA R 5.

HbV AKRIZIZYS- 5 h, TOMBRTALKLH
L7440 DMMTHLE Y VE SRR EET
HILAMZLAA mHBED Ly 14 HM &R
iz Hh SR SR~ L iFRZ - /=
M W07 7 — S ORIALEF L Y —
-1 O ETME T, ¥ S et S
WO KA. HbY o AR IRLTLEY A ¥ >
B OMHMIZE - T s, Wit e e THilEs
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HEMMEMGRYRE W08 8%

naZ b, FLBHEHRRECER S L0 E
Aot A0 »TA—SBTIE 14 HROKFRL
BRiATYF) iy BO 60 A% A4l
REOEIZ7 2 F L LTELAGNED™, SRS

CRBEAEIF) 2D, 72)Frbned¥
Nrbk4+ BBl AREARLD T2 b
EBIXhOHZ? VY AnEEEL, ZhABERARL
FMET AR HEY. L LIEEMIZIE, Lt
WLAEATYTFNOERZ72NF LD bAERT
HLLORALHEY. —EHCRLEHBSIT RS
Tid, REEFRMRO MR RITAH Y 229 RES 123142
Eh, AEIVFICNELBOLND. KWETIL
SRECRTLRETIIS2IMMELE~EVFY #iL
HrEH G BENTIRELANRO L 2kl
ROEHEAETF LRSS E 20, meh s S0 ¢
ZOMRATHE AMENILLEEO-2LER
6ha™ ThedZide., HbV HIEDALDTR
BlURoE EAMKERBANTR), BTZ
REFFRMBORE EFMOAHS I E BRI
EhfTbhTwaZ LA FHTAL™.

MBS, NS XL HOV/rHSA B8 X U sRBC/
rHSA B2 T . rHSARTIHHICHECA - 2.
ML aE, 77 PIEMERBIIS2NLL, @
SRl RTEE I L AT R OEBTIL, fHSA
BTH-IHECAROFRFRROFELZRHBLTY
%, "IrHSA AR IZNT 5 X2 5%, rHSA
ARAMELHTE L TRRICIFERGICHER S h 2Tk
2, MREAX:OMELEVWLEZohE, fEo
T rHSA BOMBE XL, EPO S8z L » THAE
mAERLESh-B L EL 607

WRA G Sh3 EPO i, M oiR 4 5% { Kok
T3V rHSARTHS | HRICR L&V EPOMER
L., MEEREOETICL D WmAREAE b M- 7o
SENMAS. KV T HbV/rHSA BEASSM TR L 2.
Zitid HbV oMb EdiiH 4y i & BE N RmiEn
EometHh OSRAM AT - ECEALTWS,
F7-.sRBC/rHSARTLOBZREIZ Ha BETFLT
vz, EPO oML ERAFRE S - T,
HbV/rHSA B X IF sRBC/rHSA ROBMER A DS 5 —
DOOBEEELT. BARICEIZRFREOEEY
Hh, ThHfHt & | AMTENECLEBHLITHE
LEALND. WHKEOEIZ, rHSA B HbV/rHSA
B> 14 HiRO Het #iiL 46% & % D, sRBC BOM (43%)
% k5 Twiz Shid EPO 78R4 rHSA B, HbV
BAsREBCELN b8 ¢ Sl Tl = h/=7-8 over-
shooting Lz®# & L&k, MCH, MCV., MCHC
HERTHoLZ LS, BEMAEMAIABEIENZLE
ERLTwaE.

53

M E{FRETIL, HBYV SSKRICFR > 22—
BEBRFT2C6M6Y, BoFARCESENC
LEFREL. HBV ORSIZL ST H—E0 LR
BHOAGESRBLSORCBDLATVE, Th
i, HbV DEFGTHEMRICL 2T, V/i—¥ D53
AR L0 b Ly,

HELLT.HBETCOHNWONAEHELAS v b
~NE5RE (40% MR ZBL, 72 Fiief
HEFL, MABRICLDET LA Ho 2 7 HRAE
BELAE —ARORMELL~AEVF) ILHYH
Banid, #HEBRA A 0BBUEBOERED -
7-. HbV RREL RHFRORONE L AR ENE
BicXh, MEAERCHRAMENh, BRETHE
RECHRBIEEAAShIARNTFRENS, £72
FHOALHEH, HbV 2EmARE LTHAT LS
GORERIIOVWTOHIRERSL I EHTEL.

W MRRNTHS LA REABNE, RERTELR
HAZ), SURAREOMI LRGeS L ARSI (R
BRBAFESHNATRE), IoWECCHEEHAILY
ERERR EMRBATVESBELY). roUCHEARSE
(REARAZEZBARMERS) BMBL LiITET 1D
YEFYPTATI V= 7ORENBRERITIS. FRRO—~
iz, HESBHLTHRRMY S (EE - MERSSL ¥ 25
FY =t LYARGHERER). BETHERS HEALRME
B (B16300162), BAATHEZS JSAOGranti=E NS
ne o2 (B ALV A0AMESHE. BLTH
EERTH.

X m

1) Chang TMS: Hemoglobin based red blood cells substi-
tutes. Artif Organs, 28: TH9—794, 2004.

2) Buehler FW, Alayash AL Toxicities of hemogiobin solu-
tions: in search of in-vitro and in-vivo model systems.
Transfusion, 44: 15161530, 2004.

3) Sakai H, Tomiyama K. Sou K, et ak Polyethyleneglycol-
conjugation and deoxygenstion enable long-term pres-
ervation of hemoglobin-vesicles as oxygen carriers in a
liquid state. Bioconjugate Chem, 11: 425—432, 2000,
Lee R, Neya K. Svizzero TA, et ak Limitations of the eff-
cacy of hemogiobin-based oxygen-carrying solutiona. ]
Appl Physiol. 79 236—242. 1995
5) Johnson JL. Moore EE, Offner PJ, et ak Resuscitation

with a bicod substitute abrogates pathologic postinjury

phil cytotoxic fi ] Trauma, 50: 449—456.

4

2001,
6) Standl T. Burmeister MA. Homm EF. etat Bovine

Presented by Medical®Online

_253_



7

8

9

10)

1

12)

13)

14)

16)

17

haemoglobin-based oxygen carrier for patients under.
going haemodilution before liver section. Brit | Anesth,
BO: 189—194, 1998,

York GB. DiGeronimo R], Wilson BJ, et al Extracorpo-
real membrane oxygenation in piglets using a polvmer.
ized bovine hemoglobin-based oxygen-carrying solutinn
[HBOC-201). ] Pedsatr Surg 37: 1387—13%2 2002
Contaldo C. Piock J. Sakai H et at Hemodilution with po-
lymenzed and encapsulated hemoglobins improves oxi-

Journal of Transh and Cell Therapy, Vol. 53 No. |

45F

18

193

Cabrales P, Sakai H Tsai AG, et ak Oxygen transport by
low and normal exygen affinity hemogiobin vesicles in
extreme hemodilution. Am ] Physiol Heart Cire Physiol
258 H1885—H1B9Z, 2005,

Yoshizu A, [zumi Y, Park S et al Hemorrhagic shock re-
suscitation with an artificial oxygen carnier. hemoglobmn
vesicle. maintains intestinal perfusion and suppresses
the increase in plasma tumor necrosis factur-alpha
ASAITOD J, 50 458463, 2004.

dative energy metabolism in collateralized hamster flap 20) Sakai H, Takeoka S Park SL et al: Surface-modification
tissue. Crit Care Med. 33 806—812 2005 of hemoglobin vesicles with polyethyleneglycol and ef-
Nozue M. Lee 1. Manning JM, et ak Oxygenation in tu- fects on aggregation. viscnsity, and blood flow during
mors by modified hemoglobins. | Surg Oncol. 62: 100— 90%-exchange fusion in anesthetized rats Biocon-
114, 1996, jugate Chem. & 15—22. 1997,
Djordjevich L. Mayoral J. Miller IF, et ak Cardiorespira: 21) Sakai H. Masada Y. Horinouchi H. et at Hemoglobin-
tary effects of exchanging transfusions with synthetic vesicles suspended in recombinant human serum albu-
erythrocytes in rats. Crit Care Med. 15 318—323 1987. min for resuscitation from hemorrhagic shock in anes-
Awasthi VD. Garcia D, Klipper R. et al Neutral and an- thetized rats Crit Care Med. 32 539—545, 2004.
ionic liposome-encapsulated hemoglobin: effect of 22) Landaw SA: Factors that accelerate or retard red blood
postinserted poly (ethylene glycolidistearoyi-phosph- cell senescence, Blood Cells, 14: 47—59, 1988
atidylethanolamine on distribution and circulation ki- 23) Sou K, Endo T. Naito Y, et al: Efficient up-scale produc-
netics. | Pharmacol Exp Ther, 309 241—248, 2004, tion of hemoglobin-vesicles (HbV) using the freeze-
D'Agnillo F, Alayash Al: Redox cycling of diaspirin thawing and rapid extrusion. Biotechnol Progr, 19:
cross-linked hemoglobin induces G2/M arrest and apop- 1547—1552 2003
tosis in cultured endothelial cellz Blood. 98: 3315—3323. 24) Sakai H. Yussa M. Onuma H. et ak Synthesis and physi-
2001 cochemical characterization of a seres of hemoglobin-
Sakal H, Hara H, Yuasa M. et al: Molecular dimensions based oxygen carriers: objective comparison between
of Hb-based Oz carriers determine constriction of resis- cellular and acellular types Bioconjugate Chem, 11: 56—
tance arteries and hypertension in conscious hamster 4. 2000
model Am J Physiol Heart Circ Physiol 279: HY8— 25) Sakai H. Hisamoto S. Fukutomi L etat Detection of
HO15, 2000, Lipopolysaccharide in hemoglobin-vesicles by Limulus
Sakai H. Horinouchi H. Tomiyama K. et at Hemoglobin- amebocyte lysate test with kinetic-turbidimetric gel
vesicles as oxygen carriers influence on phagocytic ac- clotting analysis and pretr with a surf; ! |
tivity and histopathalogical changes in bolism, Am Pharm Sci, 93 310—321. 2004,
] Pathol, 159 1079—1083. 2001 26) d'Almeida MS. Jagger J. Duggan M. et al: A comparison
Sakai H. Masada Y. Horinouchi H. et at: Physiclogic ca- of biochemical and functional alterations of rat and hu-
pacity of reticuloendothelial system for degradation of man erythrocytes stored in CPDA-1 for 29 days impli
hemoglobin-vesicles (artificial oxygen carriers) after cations for animal models of transfusion. Transfus Med,
massive intravenous doses by daily repeated infusions 10: 291—303, 2000,
for 14 days. ] Pharmacol Exp Ther, 311: 874—884, 2004. 27 Izumi Y, Sakai H, Hamada K et ak Physiologic responses.
Sou K. Klipper R. Goins B, et al: WT. Circulation kinetics (o exthange transfusion with hemoglobin vesicles as an
and organ distribution of Hb-vesicles developed as a red artificial oxygen carrier in anesthetized rate changes in
biood cell substitute. ] Pharmacol Exp Ther. 312 702— mean arterial pressure and renal cortical tissue oxygen
709, 2005. tension. Crit Care Med, 24: 1869—1573, 1996,
Sakai H. Horinouchi H Masada Y. et al Metabolism of 28) Sakai H. Tsai AG, Kerger H et ab Subcutaneous mi-
hemaglobin-vesicles tartificial oxygen carriers) and their crovascular responses to hemodilution with a red cell
influence on organ functions in a rat model. Biomateri- substitute consisting of polyethyleneglycolmodified
als, Z5: 43174325, 2004. wvesicles encapsulating hemoglobin. | Biomed Mater Res,
Presanted by Madical*Online



HAMDERANZRE W58 81 %

40: 66—78. 1998,

29) Sakai H. Tomiy K. Masada Y. et at Pretr tof
serum containing Hb-vesicles joxygen carriers) to avoid
interference in clinical laboratory tests. Clin Chem Lab
Med 41: 222—23], 2003

30) Wen D, Boissel JP. Tracy TE etak Eryrhropoietin

structure-function relationships: high degree of se-

quence homology among mammals. Blood. 82: 1507 —

1516. 1993,

Braggins PE Trakshel GM, Kutty RK et al: Characteni-

zation of two heme oxygenase isoforms in rat spleen:

comparison with the hematin-induced and constitutive
isoforms of the liver. Biochem Biophys Res Commun.

141: 528—533. 1986.

i

32) Finch CA. Huebers H: Perspectives in iron boli
New Engl ] Med, 306: 1520—1528, 1982
33) Grady JK, Chen Y. Ch ND), et al: Hydroxyl radical

production during oxidative depasition of iron in fer-
ritin. ] Biol Chem, 264: 20224—20220, 1980,

#H) O'Connell M], Ward R], Baum H. et ak Iron release from
haemosiderin and ferritin by therapeutic and physi-
ological chelators. Biochem J. 260: 903—907. 1989,

35) Bennett GD, Kay MM: Homeostatic removal of senes-
cent murine erythrocytes by splenic macrophages. Exp
Hematol. & 207—307, 1981,

36) Ou LC.Kim D, Layton WM Jr. et al: Splenic erythropai-
esis in polycythemic response of the rat to high-altitude

w

38)

B

40)

11

42

—

43)

exposure. ] Appl Physiol 48 857—861. 1980.

Stutte H). Sakuma T. Falk S et ak Splenic erythropoiesis
in rats under hypoxic and post-hypoxic conditions
Virchows Arch A Pathol Anat Histopathol 409: 251—
261, 1986

Okana K. Sogame Y, Ohkubo M. et al: Metabolic fate of
recombinant human serum albumin (FHSA) (2). Jpn
Pharmacol Ther (Yakuri tou Chiryoul 25 Suppl) : 2007—
2018, 1987,

Baynes | W, Thorpe & Identification of the sites of albu-
min catabolism in the rat. Arch Biochem Biophys. 206:
372—379, 1981,

Eckardt KU, Koury ST. Tan CC. et al Distribution of
erythropoietin producing ceils in rat kidneys during hy-
poxic hypoxia. Kidney [nt, 43 815—823, 1993,

Hughes GS Jr. DeSmith VL, Locker PK, et at Phiebot-
omy of 500 or 750 millilizers of whole blood followed by
isovolemic hemodilution or autologous transfusion
yields similar hemodynamic. hematologic. and biochemi-
cal effects. | Lab Clin Med. 123 290—298, 1994.
Teramura Y, Kanazawa H Sakai H etalt Prolonged
oxygencarrying ability of hemoglobin vesicles by coen-
capsulation of catalase in vivo, Bioconjugate Chem, 14:
1171==1176. 2003.
Stuecklin-Utsch A. Hasan C, Bode U, et al Pancreatic
toxicity after liposomal amphotericin B. Mycoses, 45:
170173, 2002

ACUTE 40 PERCENT EXCHANGE-TRANSFUSION WITH HEMOGLOBIN-VESICLES
(HBV) SUSPENDED IN RECOMBINANT HUMAN SERUM ALBUMIN SOLUTION:
DEGRADATION OF HBV AND ERYTHROPOIESIS IN A RAT SPLEEN FOR 2 WEEKS

Hiromi Sakai", Hirohisa Horinouchi*, Manabu Yamamoto® , Eiji Ikeda®, Shinji Takeoka",
Masuhiko Takaori®, Eishun Tsuchida" and Koichi Kobayashi®
" Advanced Research Institute for Science and Engineering, Waseda University

* Department of Surgery, School of Medicine, Keio University
*Department of Pathology, School of Medicine, Keio University

“Faculty of Science and Engineering. Waseda University
“East Takarazuka Sato Hospital

Keywords:

Artificial Blood. Artificial Oxygen Carriers, Artificial Red Cells, Liposome, Plasma Substitutes

©2007 The Japan Society of Transfusion Medicine and Cell Therapy

Journal Web Site: httpe'/yuketsugr jp

Presantod by Medical®Online

_255_



AwEMEIF—&LY

LAY T Tk
BOIRSE | /MRRE—!  BRWEC

REAE—FEXR <A 2097 g RELEEER

(RFXF. 2007:29:309-313)

Bronchoscopic Microsampling Method

Masazumi Watanabe'; Koichi Kobayashil; Akitoshi Ishizaka®

KEY WORDS — Bronchoscopy, Microsampling method, Epithelial lining fluid

(JISRE. 2007,29:309-313)

LB

PER L D MR EIEENMCHRE T 2o+ 5
ELTHEEXMI%S (BAL : Bronchoalveolar lavage)
EMNBAVWSENRTWS, LL%EZH6 BAL L D M
HADBLELRERDODHELENFE LD LAH), K
WLTHRITTAZLILGARERTH /- /4 BHEE
FERIZHBT S BALOFHEIEMBEAT VWS, AFE
BALE A D Fik L L THARHMA (EBC: Exhaled
breath condensate) F#i% &L iThbha., W XREA
VRWAHERBTHERLTETHLY, HAETERL
HEARESNSZ ELHBUINORRATELZVWI ER
Ehs, BRTE-EDREESEIGIERLZICRON
Twd.

—h, TheoMMAEMRT S~ BAL LD LIE
VW SECHGH L KM (ELF : Epithelial lining fluid)
EFRNTACLNTRLABEMTF=A 2007 >~
# (BMS : Bronchoscopic microsampling) AT FE 2
h, ZHNKBOBN, MERK L LICHAShATY
12 F-EATIE ELF f XM AT TES, MWoM
M, FoFt—LRFICbEAEhTwaE BAL LD
HRTHRN LS8Rz v, @8 s
B4z TY) Ly XEEHGBENS,

T oYU TERER

T4 2uH T rrEBERATENEEARD ELF ¥
L, LMLz BaELLTHRERL.
BREREMARE LTBET 2R v 200270
F7u—7T™ (BCA0IC 8 X 1F BC402C, #') »7324t
B OSEHMETHL BCAIC EEHERAILTWE. =
DTO—TIRANVZFLyUONMNE, BAiEORYH
VZAFABM7 74—y FEueMRICHEEL-AME
Nkd FOAAY ZEELISRT. AMEOSNNER
1iZRT. 20mm OHBEXEF > A A2 LMMA L 5N
oz F#IZ ELF € B LN+ 5. BC401C Tik 10~
20 I BED ELF AHEM S hd,

Bl virudrF) rr7u—7oHN

BC401C BC-402C

ARRNAR mANE 1.8 mm 25 mm
e 1050 mm

L:2rE 1 HE 1.1 mm 19 mm

T3 30 mm 20 mm

R R P inE 600 mm BLF @ BF

Fr7308 2mmill 26mmilkE

ERARAPETH FREAR, TREAR
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