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(57) ABSTRACT 

An antiadhesive material is provided and contains a poly-Y- 
glutamic acid having a weight-average molecular weight of 
600,000 to 13,000,000, or a kinematic viscosity at 37° C. of 2 
cSt to 15 cSt when dissolved in distilled water at a concen 
tration of 0.05% by mass and/or a salt thereof, as an effective 
ingredient. The antiadhesive material may have any form 
Such as powder or gel form, and therefore, for example, is 
easy to handle even in relatively localized Surgery such as 
endoscopic Surgery and can more reliably prevent adhesion. 
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ANTIADHESIVE MATERAL 

TECHNICAL FIELD 

0001. The present invention relates to an antiadhesive 
material, and more particularly relates to an antiadhesive 
material that provides high safety and favorable handleability 
on the Surgery. 

BACKGROUND ART 

0002. It is known that the surfaces of organs after being 
damaged during Surgery are conjugated to Surrounding tis 
Sues, and thus postoperative adhesions occur. The postopera 
tive adhesions cause, for example, infertility due to fallopian 
tube adhesions, intestinal obstruction due to intestinal adhe 
sions, and the like, and require a second Surgery, which 
imposes a heavy burden on patients. Furthermore, the second 
Surgery may even cause additional damage to the organs as a 
result of dissection of the adhesion site. In order to prevent 
Such postoperative adhesions, an antiadhesive material in film 
form is known with which a wound site is physically covered 
on the Surgery. 
0003. Meanwhile, the cases of endoscopic surgery has 
recently been increasing because of the Small wounds and the 
relatively short-term hospitalization. 
0004. However, in such endoscopic surgery, the use of a 
conventional antiadhesive material in film form is often dif 
ficult. When using an antiadhesive material in film form in 
endoscopic Surgery, it is necessary to roll up the film to a size 
equal to or Smaller than the inner diameter of a trocar, insert 
the film into the body, open the film in the body, and place the 
film on an affected part. Thus, the operations are complicated. 
Therefore, there are cases where the film may be broken, or 
where the film cannot be correctly placed on the affected part. 
0005. In contrast, for example, new antiadhesive materials 
containing crosslinked poly-Y-glutamic acid as the main 
ingredient have been developed that can be processed into 
powder or gel form and are thus easy to handle (Patent Docu 
ments 1 and 2). However, there are still problems in manu 
facturing, Such as the control of the degree of crosslinking, 
with these antiadhesive materials. 

PRIOR ART DOCUMENTS 

Patent Documents 

0006 Patent Document 1: WO 2006/054624 
0007 Patent Document 2: WO 2007/132785 

SUMMARY OF INVENTION 

Problem to be Solved by the Invention 
0008. The present invention has been made to solve the 
above-described problems, and it is an object thereof to pro 
vide an antiadhesive material that is easy to handle even when 
applied to a case Such as endoscopic Surgery and that can 
effectively prevent postoperative adhesion of organs in a 
wound site. 

Means for Solving the Problems 
0009. The present invention provides an antiadhesive 
material containing a poly-Y-glutamic acid having a weight 
average molecular weight of 600,000 to 13,000,000 and/or a 
salt thereofas an effective ingredient. 
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0010. In one embodiment, the poly-y-glutamic acid and/or 
a salt thereof has a kinematic viscosity at 37°C. of 2 cSt to 15 
cSt when dissolved in distilled water at a concentration of 
0.05% by mass. 
0011. In one embodiment, the antiadhesive material is 
processed into powder or gel form. 
0012. In one embodiment, the antiadhesive material is 
used to prevent postoperative adhesion of an organina wound 
site. 
0013 The present invention also provides an antiadhesive 
material containing a poly-Y-glutamic acid having a kine 
matic viscosity at 37° C. of 2 cSt to 15 cSt when dissolved in 
distilled water at a concentration of 0.05% by mass and/or a 
salt thereofas an effective ingredient. 
0014. In one embodiment, the poly-Y-glutamic acid has a 
weight-average molecular weight of 600,000 to 13,000,000 
and/or a salt thereof. 

0015. In one embodiment, the antiadhesive material is 
processed into powder or gel form. 
0016. In one embodiment, the antiadhesive material is 
used to prevent postoperative adhesion of an organina wound 
site. 

Effects of Invention 

0017. According to the present invention, it is possible to 
provide an antiadhesive material that can effectively prevent 
postoperative adhesion of organs in a wound site and that is 
easy to handle even in relatively localized surgery such as 
endoscopic Surgery. Moreover, the antiadhesive material of 
the present invention does not essentially require the use of 
ingredients derived from living organisms, and therefore con 
firmation of the safety in relation to contamination with infec 
tious agents as strictly required for formulations derived from 
living organisms is not necessary. Furthermore, there is no 
need for crosslinking treatment, and it is therefore possible to 
Solve the problems in manufacturing, Such as the control of 
the degree of crosslinking. 

MODE FOR CARRYING OUT THE INVENTION 

0018. An antiadhesive material of the present invention 
contains poly-Y-glutamic acid and/or a salt thereofas an effec 
tive ingredient. 
0019. In the present invention, poly-Y-glutamic acid is a 
linear polymer of glutamic acid bound by peptide linkages 
between y-carboxyl and a-amino groups. An example of the 
salt of poly-Y-glutamic acid is sodium poly-Y-glutamate. The 
poly-Y-glutamic acid and/or a salt thereof that is used in the 
present invention is uncrosslinked. 
0020. The poly-Y-glutamic acid and/or a salt thereof in the 
present invention has a weight-average molecular weight of 
for example, 600,000 to 13,000,000, preferably 800,000 to 
10,000,000. If the weight-average molecular weight of the 
poly-Y-glutamic acid and/or a salt thereof is less than 600,000, 
even when the material is applied to an affected part of a 
Subject in order to prevent adhesion, the material may not 
appropriately stay in that affected part due to insufficient 
Viscosity and thus allow the progression of adhesion between 
the Surface of an organ and Surrounding tissues without Suf 
ficiently exercising appropriate physical barrier functions for 
the affected part. There is no particular limitation on the upper 
limit of the weight-average molecular weight, but it is con 
sidered that a poly-Y-glutamic acid having a molecular weight 
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exceeding 13,000,000 and/or a salt thereof would be difficult 
to manufacture using a conventionally known method of 
manufacturing. 
0021 Alternatively, the poly-y-glutamic acid and/or a salt 
thereof in the present invention is a polymer having a kine 
matic viscosity at 37°C. of, for example, 2 cSt to 15 cSt and 
preferably 2.5 cSt to 8 cSt when dissolved in distilled water at 
a concentration of 0.05% by mass. If the kinematic viscosity 
of the poly-Y-glutamic acid and/or a salt thereof is less than 2 
cSt, even when the material is applied to an affected part of a 
Subject in order to prevent adhesion, the material may not stay 
in that affected part due to insufficient viscosity and thus 
allow the progression of adhesion between the surface of an 
organ and Surrounding tissues without Sufficiently exercising 
appropriate physical barrier functions for the affected part. 
There is no particular limitation on the upper limit of the 
kinematic viscosity, but it is considered that a poly-Y-glutamic 
acid having a kinematic viscosity exceeding 15 cSt and/or a 
salt thereof would be difficult to manufacture using a conven 
tionally known method of manufacturing. 
0022. In the antiadhesive material of the present invention, 
the poly-Y-glutamic acid and/or a salt thereof, which is con 
tained as the effective ingredient, satisfies either of the above 
described range of weight-average molecular weight or the 
above-described range of kinematic viscosity under the pre 
determined conditions, or both. 
0023 Examples of the poly-y-glutamic acid and a salt 
thereofas described above include those conventionally des 
ignated as food additives. Therefore, the safety for living 
organisms including human bodies has already been ensured. 
0024. The poly-Y-glutamic acid or a salt thereof satisfying 
either of the above-described predetermined range of weight 
average molecular weight or the predetermined range ofkine 
matic viscosity, or both that composes the antiadhesive mate 
rial of the present invention can be easily produced by a 
person skilled in the art from, for example, a Bacillus micro 
organism Such as Bacillus subtilis by using, for example, a 
method described in Biosci. Biotech., 56, 1031-1035 (1992). 
0025. The antiadhesive material of the present invention 
may also contain other ingredient that is effective in prevent 
ing adhesion, other ingredient that is effective in retaining a 
given form, a molecularly targeted drug that targets for a 
molecule related to adhesion formation, and the like without 
interfering with the adhesion preventing ability that the poly 
Y-glutamic acid or a salt thereof itself has. Examples of the 
other ingredient that is effective in preventing adhesion 
include, but not limited to, commonly-used polysaccharides 
Such as amylose, amylopectin, inulin, dextran, dextrin, pec 
tin, alginic acid, carboxymethyl cellulose, and the like; gly 
cosaminoglycans such as hyaluronic acid, alginic acid, hepa 
ran Sulfate, chondroitin Sulfate, chondroitin, dermatan 
Sulfate, keratosulfate, heparin, and the like; disaccharides 
Such as trehalose and the like; alcohols such as glycerin and 
the like; and synthetic polymers such as polyethylene glycol 
and the like. 

0026. The form of the antiadhesive material of the present 
invention is not particularly limited, but may be a powder or 
a gel for the reasons that postoperative adhesion of organs in 
a wound site can be effectively prevented and that handling is 
easy even in an area of relatively localized Surgery Such as 
endoscopic Surgery. In the case of a powder, for example, a 
poly-Y-glutamic acid and/or a salt thereof that is originally in 
powder form can be used as it is. In the case of a gel, a 
poly-Y-glutamic acid and/or a salt thereof that is originally in 
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gel form can be selected and used as it is, or a poly-Y-glutamic 
acid and/or a salt thereof in powder form can be used after 
appropriate mixing with a biocompatible medium Such as 
water, saline, or the like and processing into a gel form. When 
processing into a gel form, it is desirable that a person skilled 
in the art pays attention to the amount of medium that is used 
So as not to significantly increase the fluidity of the resultant 
antiadhesive material. The reason for this is that if the anti 
adhesive material processed into a gel form has excessively 
high fluidity, even when the antiadhesive material is applied 
to an affected part of a subject in order to prevent adhesion, 
the antiadhesive material may not stay in the affected part due 
to insufficient viscosity and thus allow the progression of 
adhesion between the Surface of an organ and Surrounding 
tissues without Sufficiently exercising appropriate physical 
barrier functions for the affected part. 
0027. The antiadhesive material of the present invention 
can be applied on the Surgery by, for example, coating or 
spraying onto a wound site and the Surfaces of organs located 
around the wound site or Surrounding tissues. The application 
may be performed with a plurality of times coating or spray 
ing onto a local portion of the Surface of the target organ or 
Surrounding tissues, or with coating or spraying onto the 
entire target Surface at one time. Also, a coating or spraying 
device may be used. The dose can be appropriately selected 
by a person skilled in the art. 
0028. The antiadhesive material of the present invention 
can be applied, without limitation, to organs of humans and 
other mammals (e.g., laboratory animals, pets, or domestic 
animals, such as mice, rats, hamsters, rabbits, dogs, cats, 
cattle, swine, sheep, deer, wild boars, and the like). Specific 
examples of the organs include digestive organs (stomach, 
Small intestine, large intestine, and the like), genital organs 
(uterus, ovary, or the like), circulatory organs (heart, blood 
vessels, lymphatic vessels, and the like), respiratory organs 
(e.g., lung), locomotive organs (muscles, bones, ligaments, 
and the like), and sensory organs (eyeballs and the like). 
0029. The antiadhesive material of the present invention 
can be effectively used in not only endoscopic Surgery but 
also common Surgery. 

EXAMPLES 

0030 Hereinafter, the present invention will be more spe 
cifically described by means of examples. However, the 
present invention is not limited by the examples below. 
0031 Weight-Average Molecular Weight and Kinematic 
Viscosity 
0032. With respect to the weight-average molecular 
weights (excluding catalog values) and kinematic viscosities 
shown in the following examples and comparative examples, 
these properties of samples were measured as described 
below and thus confirmed before the samples were used. 
0033 (1) Measurement of Weight-Average Molecular 
Weight 
0034 Sodium poly-y-glutamate dissolved in distilled 
water was Subjected to gel permeation chromatography under 
the following conditions, and the weight-average molecular 
weight was measured. 
0035 Column: Shodex Asahipak GF-710HQ (manufac 
tured by Showa Denko K.K.) 
0036 Column temperature: 40° C. 
0037 Mobile phase: 50 mM sodium chloride aqueous 
Solution 
0038 Flow rate: 0.6 mL/minute 
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0039. Injected amount: 100 uL 
0040. Detector: UV 220 mm 
Note that pullulan was used as the reference material. 
0041 (2) Measurement of Kinematic Viscosity 
0042. With respect to sodium poly-Y-glutamiate dissolved 
in distilled water (concentration of 0.05% w/w), the kine 
matic viscosity (cSt) was measured using an Ubbelohde vis 
cometer (manufactured by Sibata Scientific Technology Ltd., 
(model) SU-00286) at a sample temperature of 37° C. The 
kinematic viscosity was calculated by the following equation 
using the obtained efflux time (sec): 

“Kinematic viscosity (cSt)=Constant of the viscom 
eterxEfflux time (sec). 

Examples 1 and 2 and Comparative Examples 1 to 3 

Confirmation of Adhesion Preventing Effect 
0043 Donryu rats (male, 5 to 8 weeks old) were divided 
into five groups, namely, Groups A, B, C, D, and E. Such that 
each group was composed of 4 to 8 rats. Each rat was Sub 
jected to laparotomy by abdominal midline incision under 
general anesthesia. The ileocecum of the large intestine was 
taken out of the abdominal cavity. The serosal surface thereof 
was rubbed with gauze until Small bleeding spots appeared, 
and then exposed to warm air from a dryer for about 10 
seconds. Subsequently, an about 1 cmx1 cm area of the 
abdominal wall directly above the ileocecum of the the large 
intestine was excised, and the abdominal wall was exposed to 
warm air from a dryer for about 10 seconds, and then dried in 
room air for about 10 minutes. 
0044) Then, with respect to the rats in Group A, the rubbed 
portion of the ileocecum and the excision portion of the 
abdominal wall were coated with about 0.2 g of a sodium 
poly-Y-glutamate powder having a weight-average molecular 
weight of 1,100,000 to 1,300,000 and a kinematic viscosity of 
3.2 cSt to 3.5 cSt (PGA: Example 1) such that the entire 
Surface of those portions was covered, and the abdomen was 
closed such that the rubbed portion of the ileocecum and the 
excision portion of the abdominal wall came into contact with 
each other. 
0045. With respect to the rats in Group B, the rubbed 
portion of the ileocecum and the excision portion of the 
abdominal wall were coated with about 0.2 g of a sodium 
poly-Y-glutamate powder having a weight-average molecular 
weight of 9,800,000 and a kinematic viscosity of 7.7 cSt 
(PGA: Example 2) such that the entire surface of those por 
tions was covered, and the abdomen was closed Such that the 
rubbed portion of the ileocecum and the excision portion of 
the abdominal wall came into contact with each other. 
0046) With respect to the rats in Group C, the rubbed 
portion of the ileocecum and the excision portion of the 
abdominal wall were coated with about 0.2 g of a crosslinked 
poly-Y-glutamic acid obtained by crosslinking poly-Y- 
glutamic acid by gamma-irradiation (crosslinked PGA; Com 
parative Example 1) such that the entire surface of those 
portions was covered, and the abdomen was closed such that 
the rubbed portion of the ileocecum and the excision portion 
of the abdominal wall came into contact with each other. 
0047. With respect to the rats in Group D, a sheet of 
Seprafilm (manufactured by Kaken Pharmaceutical Co., Ltd.; 
Comparative Example 2) was placed on each of the rubbed 
portion of the ileocecum and the excision portion of the 
abdominal wall so as to cover the corresponding portion, and 
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the abdomen was closed such that the rubbed portion of the 
ileocecum and the excision portion of the abdominal wall 
came into contact with each other. 
0048. With respect to the rats in Group E, no further treat 
ment was performed (Comparative Example 3), and the abdo 
men was closed such that the rubbed portion of the ileocecum 
and the excision portion of the abdominal wall came into 
contact with each other. 
0049. One week later, the rats in Groups A to E were 
Subjected to laparotomy again, and with respect to each 
group, the extent of adhesion in the rubbed portion of the 
ileocecum and the excision portion of the abdominal wall was 
visually observed, graded according to the following six-level 
adhesion scores, and evaluated. The results are shown in 
Table 1. 
0050 Adhesion Scores: 
0051 0, no adhesion: 
0.052 1, mild adhesion separatable by blunt dissection was 
observed; 
0053 2, adhesion requiring sharp dissection was observed 
at a rate of 50% or less; 
0054 3, adhesion requiring sharp dissection was observed 
at a rate of 50% or more; 
0055 4, the serosa of the cecum was damaged during 
dissection; and 
0056 5, the full-thickness of the cecum was damaged 
during dissection. 

TABLE 1 

Compar- Compar- Compar 
ative ative ative 

Example Example Example 1 Example 2 Example 3 
1 2 Group C Group D Group E 

Group A Group B (Cross- (Sepra- (No 
(PGA) (PGA) linked PGA) film) treatment) 

Score: O 4 1 1 O O 
Score: 1 O 3 5 O O 
Score: 2 O O 2 1 O 
Score: 3 2 O O 3 O 
Score: 4 O O O 1 3 
Score: 5 O O O 1 2 
Average 1.O. 1.5 O.8 - O.S 1.1 - 0.6 3.31.O 44 - O.S 
Value 

Numerical values in the table show the number of individuals. 

0057. As shown in Table 1, it is found that the sodium 
poly-Y-glutamates used in Examples 1 and 2 achieved excel 
lent adhesion scores that are equivalent to that of Comparative 
Example 1. When compared with the sodium poly-y- 
glutamates of Examples 1 and 2, the conventional film for 
mulation of Comparative Example 2 or the non-treated state 
of Comparative Example 3 has a tendency toward higher 
adhesion scores, and thus it is found that the antiadhesive 
material of the present invention could effectively prevent 
postoperative adhesion of the organs in the wound site. 

Comparative Example 4 and Examples 3 and 4 

Comparison of Localization Effect in Virtual 
Affected Part 

0058. Three polystyrene (PSt) Petridishes were prepared. 
Then, 20 mg each of a Sodium poly-Y-glutamate powder 
having a weight-average molecular weight of 800,000 and a 
kinematic viscosity of 2.8 cSt (Example 3), a sodium poly-y- 
glutamate powder having a weight-average molecular weight 
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of 1,500,000 to 2,500,000 (catalog value) and a kinematic 
viscosity of 5.5 cSt (manufactured by Wako Pure Chemical 
Industries, Ltd.; Example 4), and a sodium poly-Y-glutamate 
powder having a weight-average molecular weight of 200, 
000 to 500,000 (catalog value) and a kinematic viscosity of 
1.1 cSt (manufactured by Wako Pure Chemical Industries, 
Ltd.; Comparative Example 4) were applied to the respective 
Petri dishes by coating. After that, 0.1 ml of distilled water 
was added to each Petridish and mixed using a spatulato form 
a gel. 
0059. Then, the PSt Petri dish was tilted at about 45 
degrees, and the fluidity of the gel on the bottom surface of the 
Petri dish was checked. The obtained results are shown in 
Table 2. 

TABLE 2 

Kinematic 
Viscosity Fludity 

Weight-Average 
Molecular Weight 

Comparative 200,000 to 500,000 1.1 cSt Observed 
Example 4 (catalog value) 
Example 3 800,000 2.8 cSt Not observed 
Example 4 1,500,000 to 2,500,00 5.5 cSt Not observed 

(catalog value) 

0060. As shown in Table 2, the sodium poly-y-glutamate 
powder of Comparative Example 4, as having a weight-aver 
age molecular weight of less than 600,000 or a kinematic 
viscosity of less than 2 cSt, exhibited increased fluidity when 
gelled, and readily flowed when the Petri dish was tilted. In 
contrast, the Sodium poly-Y-glutamate powders of Examples 
3 and 4 having a weight-average molecular weight or a kine 
matic viscosity exceeding these ranges had a tendency of the 
gel to be likely to stay in place on the bottom surface of the 
Petri dish. Thus, it is found that the antiadhesive material of 
the present invention after being applied to an affected part of 
a Subject has a tendency to stay in that affected part even when 
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swelled with, for example, moisture etc. in the body of the 
Subject and gelled, and thus can prevent the progression of 
adhesion between the Surface of an organ and Surrounding 
tissues by exercising appropriate physical barrier functions 
for the affected part. 

INDUSTRIAL APPLICABILITY 

0061 According to the present invention, it is possible to 
effectively prevent postoperative adhesion of organs in a 
wound site. The antiadhesive material of the present invention 
may have any form Such as powder or gel form, and therefore, 
for example, is easy to handle even in relatively localized 
Surgery such as endoscopic Surgery and can more reliably 
prevent adhesion. 

1. An antiadhesive material comprising a poly-Y-glutamic 
acid having a weight-average molecular weight of 600,000 to 
13,000,000 and/or a salt thereof as an effective ingredient. 

2. The antiadhesive material of claim 1, wherein the poly 
Y-glutamic acid and/or a salt thereofhas a kinematic viscosity 
at 37° C. of 2 cSt to 15 cSt when dissolved in distilled water 
at a concentration of 0.05% by mass. 

3. The antiadhesive material of claim 1, wherein the anti 
adhesive material is processed into one of powder or gel form. 

4. The antiadhesive material of claim 1, wherein the anti 
adhesive material is used to prevent postoperative adhesion of 
an organ in a wound site. 

5. The antiadhesive material of claim 2, wherein the anti 
adhesive material is processed into one of powder or gel form. 

6. The antiadhesive material of claim 2, wherein the anti 
adhesive material is used to prevent postoperative adhesion of 
an organ in a wound site. 

7. The antiadhesive material of claim 3, wherein the anti 
adhesive material is used to prevent postoperative adhesion of 
an organ in a wound site. 

k k k k k 


