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CONTROL -OF'IJEALING PIOCESS 

Field of ·the Invention 

This invention relates to the. ·use of known pharmaceutically-active 

compounds in the manufacture of a product for use in the control of 

wound healing processes within the body, in particular -in the prevention 

of adhesions, and/or the fonttitfon of scar tissue, resulting from physical 

10 trauma, including injury, iurgery and burns, as well as from 

inflammation; and further to phattnaceutical products for use in the ·control 

of wound healing processes wlthin the body. 

15 

Background to the inveritioll 

The relative mobility of many C>rgans of the human body is a prerequisite 

of optimal function. In this re~i:sCet, it is important that such organs are 

able to move and slide in relatidrt to adjacent organs and/or in relation to 

the body cavities within which they are enclosed. For example, if the 

20 oesophagus, the stomach, the intestines, the liver and the urogenital organs 

were not at least partially rtioblle in relation to adjacent organs and the 

abdominal wall and the diaphHlgffi, functional disturbances would occur, 

such as the restriction of respiratory movement, hampered movement of 

intra-abdominal structures, inresU·nal obstruction and/or infertility. 

2S 

If an organ receives a physicai ifitima, such as an injury, surgery, a burn 

or an electric shock, or e~~iiences inflammation as a result of a 

pathogenic cause, one of the inevitable consequences of the healing and 

inflammatory processes whi'ch· ·roiiow is the formation of adhesions and 

30 scar tissue, which may natufatiy restrict the aforementioned organ 
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mobility. 

Adhesions and scar tissue are formed as a result of the formation of a 

fibrin-platelet network following physical trauma or pathogenic 

s inflammation, and the subsequent rebuilding and replacement of this 

network by granulation tissue. 

The complex and typically highly irregular structure of the fibrin-platelet 

network, formed at an early stage after the trauma or as a result of 

10 inflammation, is of key importance in the fate of any wound healing 

process. Any physical structure, particularly filaments and membranes, 

whether diffusely or distinctly outlined, acts as a guide for the invading 

granulation tissue. This newly formed tissue is, in accordance with the 

mechanism described above, eventually rebuilt as scat tissue, organised as 

lS ·fibrous strands or membranes. The invading granulation tissue cells can 

practically never fully substitute for the original cells and, as a result, the 

tissue is never regenerated, but merely repaired. This is true for both the 

· skin and for m~cosal membranes, including those lining the body cavities, 

as well as other structures including muscles, tendons and nerves. 

20 Moreover, the scar tissue so formed may, in time, contract and remain 

contracted, deforming and disorganising the injured area. 

The proliferation and invasion of fibrin threads by even a few granulation 

tissue cells (including angiogenic cells) is usually sufficient to induce the 

2S formation of adhesions. The direction, density and organization of the 

individual fibrin threads in the fibrin-platelet network of the clot provides 

information, and determines. the track to be taken by the invading 

granulation tissue cells, as well as by specific cells such as Schwann cells. 

Extracellular fibrin may deposit, stick to and establish abnormal bridges 

30 between adjacent structures. 
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Thus, the structure of the tibrin-:platelet network is of key importance in 

guiding the invading granulation tissue and thus in the formation of 

adhesions and scar tissue. 

s Prior Art 

10 

European Patent Application B?-0 051 354 describes a polymeric substrate 

coated with the polysaccharide chitosan, to which is appended the 

antithrombotic agent heparin. 

US Patent No. 5,116,824 .describes a composite material comprising an N­

acylchitosan and collagen which .is suitable for wound dressings. Heparin 

may be incorporated as an antithrombotic agent. 

15 Neither of these prior art documents disclose the use of the devices 

described therein in the prevention of the formation of adhesions and/or 

scar tissue following physical trauma, such as injury or surgery or 

pathogenic inflammation. Moreover, the use of thrombin inhibitors, and 

in particular low molecular weight thrombin inhibitors, is not mentioned. 

20 

Further, the combined use of fibrinolytic agents and polysaccharides has 

been neither disclosed -nor sugg~ted to be of potential in the prevention 

of formation of adhesions and/or scar tissue. 

2S Disclosure of the Invention 

We have now found, surprisingly, that thrombin inhibitors significantly 

inhibit or prevent the formation of adhesions and/or scar tissue following 

physical trauma or pathogenic inflammation, and may thus be used in the 

30 control of wound healing processes within the body. 
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According to a first aspect of the invention there is provided the use of a 

thrombin inhibitor in the manufacture of a product for use in the control 

of wound healing processes within the body. 

s In particular, we have found that thrombin inhibitors may be used to 

inhibit or prevent fibrin-related adhesion and/or scar tissue formation as 

a result of physical trauma or pathogenic inflammation. 

By "fibrin-related adhesion" we mean adhesion resulting from the 

10 establishment of a fibrin-platelet network (i.e. a network of fibrin and cells 

including platelets) following a physical trauma or pathogenic 

inflammation, as described hereinbefore. 

We have found that thrombin inhibitors may be used to inhibit or prevent 

ts the formation of fibrin-related adhesion and/or scar tissue following 

physical trauma, including physical injury to the skin or the internal 

organs, including accidental injury; surgery, including laparoscopic 

surgery, "open" conventional gastrointestinal and gynaecological surgery, 

oncological surgery, orthopaedic surgery (e.g. treatment of fractures, 

20 implantation of a prosthesis, surgery on tendons, muscles and ligaments), 

neurosurgery, heart and chest surgery or trauma surgery and the insertion 

of catheters; thermal trauma, including bums; chemical trauma, including 

exposure to corrosive, acidic or alkaline substances; and electrical shock. 

25 Moreover, we have found that thrombin inhibitors may be used to inhibit 

or prevent the formation of fibrin-related adhesion and/or scar tissue 

resulting from pathogenic inflammation, including inflammation produced 

as a result of medical conditions, such as rheumatoid diseases, systemic 

inflammatory reactions and autoimmune diseases. 

30 



5 

W097/25994 ·'PCT/SE97/000S7 

5 

According to a further asp~t;Qf.the invention, there.is provided a method 
. ~!J:ii.J>, 

of inhibition or prevention of~rin-related adhesion and/or scar tissue 

formation, which method co~pnses administration of a throm~Jn inhibitor 

to a 41atieRt in need of such inhibition ;or .prevention. 

In the case of surgery, or patho~,~nic inflammation, "administration" may 

take place before, after or during the surgical event or the onset of the 
' medical condition as approp~ate. 

10 The thrombin inhibitor may be administered either locally or systemically, 

in the form of pharmaceutical prepatations comprising the thrombin 

inhibitor in a pharmaceutically acceptable dosage .form. Dosage forms 

which may be employed for local and systemic administration include 

those which are well known to. those skilled in the art, for example as 

is described in Lachman et al, "Theory and Practice of Industrial 

Pharmacy", Lea & Febiger (19$6). 

20 

2S 

By "pharmaceutically acceptable dosage form" we mean a dosage form 

which is sterile and, preferably, non-pyrogenic. 

In particular, we have found thau; the co-administration of a polysaccharide 

and a thrombin inhibitor r~Jn the inhibition or prevention of fibrin­

related adhesion and/or scar: , tjssue formation when compared to 

administration of the polysaccharide alone. 

Thust according to a further ~t of the invention there is provided a 

method of inhibition or prev~~ion of fibrin-related adhesion and/or scar 

tissue formation, which me~* f=Omprises the co-administration of a 

polysaccharide and a thrombin inhibitor to a patient in need of such 

30 inhibition or ·prevention. 
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The thrombin inhibitor may be co-administered with the polysaccharide 

either locally or systemically. Moreover co-administration may take place 

separately, i.e. by independently ad111inistering the thrombin inhibitor 

before, after, or at the same time as, the polysaccharide, by an appropriate 

s means, for example, in the case of local application, by administering or 

infusing a solution of thrombin inhibitor via a polysaccharide product. 

Alternatively, in the case of local application, the thrombin inhibitor may 

be anchored to the polysaccharide by an appropriate means, e.g. by 

impregnation, or physical or chemic~! bonding. 

10 

Suitable thrombin inhibitors for use in the inhibition or prevention of 

fibrin-related adhesion and/or scar tissue include hirudine and hirudine 

fragments (i.e. those with at least the last 8 carboxytenninal amino acids, 

e.g. the fragment consisting Qf the last C-terminal amino acids of the 

ts known sequence in hirudine), biosynthetic analogues of hirudine (e.g. 

those with up to 10 to 12 amino acids, some of which are commercially 

available), the protein NAPc2, and low molecular weight peptide-based 

thrombin inhibitors. 

20 Preferred thrombin inhibitors include low molecular weight peptide-based 

thrombin inhibitors. The term "low molecular weight peptide-based 

thrombin inhibitors" will be well understood by one skilled in the art to 

include thrombin inhibitors with one to four peptide linkages, and/or with 

a molecular weight below 1000, and includes those described in the 

25 review paper by Claesson in Blood Coagul. Fibrin. (1994) 5, 411, as well 

as those disclosed in US Patent N° 4,346,078; International Patent 

Applications W093/lll52, WO 95/23609, W095/35309, W096/25426, 

WO 94/293367 WO 93/18060 and WO 95/01168; and European Patent 

Applications 648 780, 468 231, 559 046, 641 779, 185 390, 526 877, 

30 542 525, 195 212, 362 002, 364 344, 530 167, 293 881, 686 642, 669 
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317 and 601 4Sp .. l . ·t 

Preferred low molecular wcighttpeptide..:based thrombin inhibitors include 

those tnown collectively as the "gatrans". Particular gatrans whi~h may 

s be mentioned include HOOC-CH2-(R)Cha-Pic-Nag-H (known aslinogatran; 

see International Patent Application WO 93111152 and .the list of 

abbreviations therein) and HOOC-CH2-(R)Cgl-Aze-Pab-H (known as 

melagatran; see International ·Patent Application WO 94/29336.and the list 

of abbreviations therein). Particularly preferred thrombin inhibitors 

10 include melagatran. 

In the inhibition or prevention of the formation of fibrin-related adhesions 

and/or scar tissue, suitable doses of thrombin inhibitors will depend upon 

the thrombin inhibitor which is used, the severity of the disorder to be 

is treated, the nature of the patient to be treated and the route of 

administration. Suitable doses are those which give a mean plasma 

concentration in the range 0.001 to 100 µmol/L, preferably, 0.005 to 20 

µmol/L and particularly 0.009 to 15 µmol/L over the period for which 

treatment is required. Suitable doses for inogatran are those which give 

20 a mean plasma concentration in the range 0 .1 to 10 µ.mol/L, and 

preferably 0.5 to 2 µmol/L; suitable doses for melagatran are those which 

give a mean plasma concentration in the range 0.01 to 5 µ.mol/L, and 

preferably 0.1 to 1 µmol/L. 

25 None of the low molecular weight peptide-based thrombin inhibitors, 

including inogatran and melagatran, have to the Applicant's knowledge 

previously been reported to affect the activation and aggregation of 

thrombocytes, and therefore the formation of scar tissue and connective 

tissue adhesions. 

30 
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Thus according to a further aspect of the invention there is provided the 

use of a low molecular weight peptide-based . thrombin inhibitor in the 

prevention or reduction of the activation· and aggre~ation of thrombocytes. 

s We have also found that application of a fibrinolytic agent, in addition to, 

or instead of, a thrombin inhibitor, also results in the inhibition or 

prevention of fibrin-related adhesion and/or scar tissue formation. In 

particular, we have found that co-application of a polysaccharide and a 

fibrinolytic agent, in addition to, or instead of, a thrombin inhibitor, also 

10 results in the inhibition or prevention of fibrin-related adhesion and/or scar 

tissue formation. 

15 

Examples of fibrinolytic agents which may be employed include 

plasminogen activators (tPA), streptokinase and urokinase. 

Suitable polysaccharides which may be employed include those which are 

suitable for the control of wound healing processes, for example those 

which will be recognised by the person skilled in the art as being capable 

of being manufactured in the physical forms described below' thus 

20 facilitating the application of the polysaccharide to a wound. Particular 

polysaccharides which may be mentioned include chitosans, hyaluronans, 

chondroitin sulphates, dermatan sulphates, keratan sulphates and heparan 

sulphates. Preferred polysaccharides include chitosans. 

2S The polysaccharides may be manufactured in a Variety of physical forms, 

depending upon the part of the body to be treated, in accordance with 

techniques which are well known to those skilled in ·the art. Physical 

forms which may be mentioned include films, membranes, gels, solutions, 

threads, rods or tubes in any dimension. However, we prefer the 

30 polysaccharide to be in the form of a film, a membrane or a gel. 



------------ ------------------ -

W0911l5994 .pc;r/Sll97/00057 

9 
. 

According to a {urther aspect of the invention th.ere is \thus prpvided a 

pharmaceutical :product comprising a ·polysaccharide and a low ,molecular 

weight peptide-based thrombin inhibitor.-

s The products as defined herein have the advantage·that they significantly 

inhibit and/or prevent the formation of fibrin-related adhesions and/or scar 

tissue, as described below. The products may also have the advantage that 

they may be more effective thlin, produce fewer side effects than, or that 

they may have other useful -pharmacological -properties over, similar 

IO products known in the prior art. 

15 

The invention is illustrated, but in no way limited, by way of the 

following examples. Table 1 ·illustrates the inhibition of fibrin related 

adhesion using the thrombin inhibitor, inogatran. 

Examples 

Animal experiments were performed in accordance with ethical 

permissions 0 68/95; 69195 & 70/95 granted by the Animal Experiments 

20 Ethical Committee at the University of Gothenberg. 

·Example 1 

The induction of an injury to the serosal surface of the stomach of an 

adult, anaesthetised rat by the exposure -0f an area of 7mm diameter to 

25 80% acetic acid over 60 seconds repeatedly resulted in the formation of 

strong and extensive adhesions, connecting and firmly anchoring the 

stomach with the intestine, the omentum, the liver and, less commonly, 

the spleen. 

30 
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Example 2 

The serosal surface ·of the stomach of an adult, anaesthetised rate was 

exposed in an area of 7mm diameter to -SO% acetic acid over 60 seconds. 

After rinsing with buffered saline, the area was covered with a chitosan 

s membrane or, in an alternative experiment, a gel, having a diameter 

several millimeters larger than the injured area. It was observed that the 

number and dimensions of the adhesfons formed, bridging to the liver, 

intestines and the omentum, were reduced. 

10 Example 3 

The serosal surface of ·the stomach of an adult, anaesthetised rat was 

exposed in an area of 7mm diameter to 80% acetic acid over 60.seconds. 

After rinsing with· buffered saline solution, the area was covered with a 

chitosan membrane or, in an alternative experiment,· a gel, with a diameter 

15 several millimeters larger than that of the injured area. 100 µL of a 

solution of the thrombin inhibitor HOOC-CH2-(R)Cgl-Aze-Pab-H 

(melagatran; 100 - 500 µg/mL, dissolved in phosphate buffered saline 

solution) was dripped daily onto the membrane. ·in· all cases, absolutely 

no bridging tissue, i.e. adhesions due to replacement of fibrin strands by 

20 granulation tissue, were formed between the stomach and the liver, the 

intestines and the omentum after 2 to 5 days. 

Example 4 

The serosal surface ef the stomach of- an adult, anaesthetised rat was 

25 exposed in an area of 7mm diameter to 80% acetic acid over 60 seconds. 

After rinsing with buffered saline solution, an osmotic minipump (Alza 

2001, volume about 220 µL; pumping rate about 1 µL/h;· Alza Corp.; Palo 

Alto, CA, USA; pre filled with a solution of melagatran, 2- 100 µg/mL) 

was implanted into the peritoneal cavity delivering lOOµL of solution over 

30 almost a week. In all cases, only scattered, delicate adhesions of fibrin, 
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platelets and o~b,er,.,blood cells, and of newly .fopned ~nutation tissue 
,.. .. ··~ . . 

were formed between tbe ·stomach and the liver, the in~stines ::and the 

omentum during foUowing up to 10 days' treatment; the oc~sional, large 

bundle of granulation tissue could be recognized. 

~Example 5 

The serosal surface of the stomach of an adult, anaesthetised rat was 

exposed in an area of 7rnm diameter to 80% acetic acid over .60- seconds. 

After rinsing with buffered saline solution~ an osmotic minipump (Alza 

10 2001, yolume about 220 µL;- pumping rate about 1 µL/h; Alza Corp.; Palo 

Alto, CA, USA; prefilled with a solution -0f the thrombin inhibitor 

melagatran, 2- I 00 µg/mL) was implanted-into the peritoneal cavity and 

delivered 100 µ.L of solution over a week, with the outlet of the pump 

connected to a chitosan membrane or, in an alternative experiment, a gel, 

15 having a diameter several millimeters larger than the injured area. No 

fibrin network or strands of granulation tissue could be detected between 

the stomach and the liver, the intestines and the omentum over observation 

periods of up to I 0 days. 

20 Example 6 

The serosal surface of the stomach of an adult anaesthetised rat was 

exposed in an area of 7mm diameter to 80% acetic acid over 60 seconds. 

After rinsing with buffered saline solution, an osmotic minipump (Alza 

2001, volume about220 µL; pumping rate about I µL/h; Alza Corp.; Palo 

25 Alto, CA, USA; prefilled with a solution of the thrombin inhibitor 

melagatran, 2- 1 OOµg/mL) was implanted into the peritoneal cavity, with 

the outlet of the pump kept open, and delivered its content into the 

abdominal cavity. The wounded area was covered by a chitosan 

membrane or, in an alternative experiment, a gel, having a diameter 

30 several millimetres larger than that of the injured area. No fibrin 
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network, nor any strands of granulation tissue, could be detected between 

the stomach and the liver' the intestines and the omentum over observation 

periods of up to 10 days. 

s Example 7 

The serosal surface of the stomach of an adult, anaesthetised rat was 

exposed in an area of 7mm diameter to 80% acetic acid over 60 seconds. 

After rinsing with buffered saline, the wounded area was covered by a 

chitosan membrane or, in an alternative experiment, a gel, having a 

10 diameter several millimeters larger than the injured area. An osmotic 

minipump (Alza,2001, volume about 220 µL; pumping rate about 1 µL/h; 

Alza Corp.; Palo Alto, CA, USA; prefilled with a solution of the 

thrombin inhibitor melagatran, 2-100 µg/mL). was implanted 

subcutanously, with the outlet of the pump kept open, delivering its 

1s content into the adjacent tissue. No fibrin network, nor any strands of 

granulation tissue, could be detected between the· stomach and the liver, 

the intestines arid the omentum during observation periods of up to 14 

days. 

20 Example 8 

The serosal surface of the stomach of an adult, anaesthetised rat was 

exposed in an area of7mm diameter to 80% acetic acid over 60 seconds. 

After rinsing with buffered saline solution, the wounded area was covered 

by a chitosan membrane or, in an alternative experiment, a gel, with a 

25 diameter several millimeters larger than the injured area. An osmotic 

minipump (Alza 2001, volume about 220 µL; pumping rate about 1 µL/h; 

Alza Corp.; Palo Alto, CA, · USA; prefilled with a · solution of 

streptokinase, purchased from Sigma Chemical Co; St. Louis, Mo, USA) 

was implanted in the peritoneal cavity, with the outlet of the pump 

30 connected with,· and opening onto, the surface of the chitosan membrane. 
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No flbrin-plateie,:.~~twork nor ·any strands of g,:-anJ.tlation tissue could be 

detected between the stoma.ch .and the liver, the intestines and the 

omentum during observation i)eriods of up to 10 days. 

5 · :Example 9 

The serosal surface .of the stomach of an adult, .anaesthetised rat was 

exposed in an area of 7mm diameter to 80% acetic acid over 60 seconds. 

After rinsing with buffered· saline, the wounded area was covered by a 

chitosan membrane or, in an alternative experiment, a gel, having a 

10 diameter several millimeters larger than the injured area. An osmotic 

minipump (Alza 2001, volume about 220 µL; pumping rate about 1 µL/h; 

Alza Corp.; Palo Altot CA, USA; prefilled with a solution of 

streptokinase, purchased from Sigma Chemical Co, St Louis, Mo, USA) 

was implanted in the abdominal cavity with the outlet of the pump kept 

IS free and open. No fibrin network. nor any strands of newly formed 

granulation tissue> could be detected connecting the stomach with the 

liver, the intestines and the omentum during an observation period of up 

to 10 days. 

20 Example 10 

The serosal surface of the $tomach of an adult, anaesthetised rat was 

exposed in an area of 7mm <,liameter to 80 % acetic acid over 60 seconds. 

After rinsing with buffered ~aline the wounded area was covered by a 

chitosan membrane having a diameter several millimeters larger than that 

25 of the injured area. An osmotic minipump (Alza 2001~ volume about 220 

µ.L; pumping rate about 1 #'L/h; Alza Corp.; Palo Alto, CA, USA; 

prefilled with a solution of actilyse® (recombinant human tissue­

plasminogen-activator; Boehringer lngelheim)) was implanted m the 

abdominal cavity with the outlet of the pump kept free and open. No 

30 fibrin network. nor any strands of newly formed granulation tissue, could 
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be detected connecting the stomach with the liver, the intestines and the 

omen tum during an observation period of up to 10 days. 

Example 11 

s An incision was made in the thigh through the skin into the muscle tissue 

in an anaesthetised adult rat, and the muscle fascia was surgically removed 

in a defined area (about 10 x 15 mm). The wound was sutured, and 

eventually opened for inspection after 10 days. Numerous adhesions were 

recognized, and the presence of granulation tissue were noticed to connect 

10 and lock the injured area to adjacent muscles, muscle fascia, vessels and 

nerves as well as to the skin. 

Example 12 

An incision was made in the thigh through the skin into the muscle tissue 

IS in an anaesthetised adult rat and the muscle fascia was surgically removed 

in a defined area (about 10 x 15 mm). The muscle fascia was covered by 

a chitosan membrane or, in an alternative experiment, a gel, to which was 

connected a tube from a osmotic minipump, which had been implanted 

subcutanously (Alza 2001, total volume about 220 µL; pumping rate about 

20 1 µL/h; Alza Corp.; Palo Alto, CA, USA; prefilled with a solution of the 

thrombin inhibitor melagatran, 0.2 - 100 p.g/mL). The wound was then 

sutured, and eventually opened and inspected after 10 days. The severity 

and dimensions of the adhesions formed between adjacent structures were 

strikingly reduced. Granulation tissue was present to a roughly normal 

25 extent and distribution, but was largely not connecting and did not lock the 

injured area to adjacent muscles, muscle fascia, vessels and nerves or the 

skin, when compared to that observed in untreated animals, and as 

described in Example 11 above. 

30 
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Example 13 

The serosal surface of the stomach of adult, anaesthetised rats were 

exposed in an area 7 mm diameter to 80 % acetic acid over 60 sec<>nds and 

then rinsed with -buffered saline. One or mpre osmotic minipumps (Alza 

s 2001, volume about 220 µL; pumping rate about 1-µL/h; or Alza 2ML1, 

volume about 2000 µL; pumping rate about 10 µL/h; Alza Corp.; Palo 

Alto, CA, USA; preftlled with a solution of the thrombin inhibitor 

inogatran, 65.86 µg/µL) were implanted into the peritoneal cavity for a 

week and the oµtlet of the pump being positioned free in the peritoneal 

JO cavity adjacent to -the injured area. No fibrin network or strands of 

granulation tissue could be detected between the stomach and the liver, the 

intestines and the omentum during observation periods of up to 10 days, 

at plasma concentrations of at least 0.5 µmol/L (see Table 1). Thus, the 

formation of adhesions was prevented in a dose-response related ma.nner. 

lS 

Example 14 

The serosal surface of the stomach of adult, anaesthetised rats were 

exposed in an area of 7 mm diameter to 80 % acetic acid over 60 seconds 

and then rinsed with buffered saline. The wounded area was covered by 

20 a hyaluronan or chitosan membrane having a diameter several millimeters· 

larger than the injured area. One osmotic minipump (Alza 2001, volume 

about 220 µL; pumping rate about 1 µL/h; Alza Corp.; Palo Alto, CA, 

USA; prefilled with a solution of the thrombin inhibitor hirudine (Sigma 

Chemical Co., St. Louis> Mo, USA) peF animal) was implanted into the 

25 peritoneal cavity for a week. The outlet of the pump positioned in the 

peritoneal cavity adjacent to the injured area and its polysaccharide 

covering. No fibrin network or strands of granulation tissue could be 

detected between the stomach and the liver, the intestines and the 

omentum during observation periods of up to 10 days. 

30 
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Example 15 

The serosal surface of the stomach of six adult,· anaesthetised rats were 

exposed in an area of 7 mm diameter to 80 % acetic acid over 60 seconds 

and then rinsed with buffered saline. The wounded area was covered by 

s · a hyaluronan or chitosan membrane having a diameter several millimeters 

larger than the injured area. An osmotic minipump {Alza 2001, volume 

about 220 µL; pumping rate about 1 µL/h; Alza Corp.; Palo Alto, CA, 

USA; prefilled with a solution of hirudine fragments (fragment consisting 

of the last C-terminal amino acids of the known sequence in hirudine); 

10 Sigma Chemical Co., St. Louis, Mo, USA)) was implanted into the 

peritoneal cavity for a week and the outlet of the pump positioned in the 

peritoneal cavity adjacent to the injured area and its polysaccharide 

covering. No fibrin network or strands of granulation tissue could be 

detected between the stomach and the liver, the intestines and the 

IS omentum during observation periods of up to I 0 days in any of the 

animals. 

...... 
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Table l - Results fd# lnojatihn. 
- . -· -···--·- . -- -- • ·! 

·Rat id/ Rat< hdUsion ,!)o~ Dose· Plasma Adhe- ·Mean 
;Day of Weight· Rate 

~. , . ~ eonc. , PlaSma-·conc. rences 
Anal. 

g p.Uh pg/lfi jiglkg/h JimoVL score µmol/L 

' 163/l 532 r1 66' 124 0.58 

2 ..... ..,,, . 0.30 

7 .. . _, .. -. 0.17 3 

163/1 466 1*1 66- 142 0.61 . 
2 0.14 

7 0.19 4 0.18 

163/1 491 2·1 i32 269 0.47 

2 0.35 

7 ,; ...... 0.24 2 

164/1 532 2·1 13l " 248 0.46 

2 0.19 

7 0.37 2 0.31 

165/1 449 4•1 tM1 588 1.27 

2 . , __ ·- 0.47 

7 0.57 0 

166/J 473 4•1 264 SSS 0.81 

2 0.89 

7 0.87 1 0.72 

169/l 496 1'"10 658 1327 2.52 

2 2.11 

7 Minor Tendency to Bleed 1.88 0 

17111 487 1'"10 658 1351 1.13 

2 4.23 

7 Minor Tendency t() Bleed 1.19 0 1.84 

170/l 477 2·10 1317 2761 4.44 

2 . . . ·, ... "' . 2.82 

7 Diffuse Bleedi~;f'~uced S.56 0 
red blood eel ratio 

In all cases, the concentration of inogalrao in solution was 65.85 µ.g/µ.L. 
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THIS SHEF,:T HAS BEEN · 
REPLACEO 

1. The use of a thrombin inhibitor in the manufacture of a product for 

use in the control of wound healing processes within the body. 

2. The use of a thrombin inhibitor in the manufacture of a product for 

use in the inhibition or prevention of fibrin-related adhesion. 

3. The use of a thrombin inhibitor in the manufacture of a product for 

10 use in the inhibition or prevention of scar tissue formation. 

4. The use as claimed in any one. of the preceding claims, 

characterised in that the product further includes a polysaccharide. 

IS 5. The use as claimed in any one of the preceding claims, 

characterised in that the thrombin inhibitor is a hirudine or a hirudine 

fragment. 

6. The use as claimed in any one of the preceding claims, 

20 characterised in that the thrombin inhibitor is a low molecular weight 

peptide-based thrombin inhibitor. 

7. The use as claimed in Claim 6, characterised in that the thrombin 

inhibitor is a gatran. 

2S 

8. The use as claimed in Claim 7, characterised in that the thrombin 

inhibitor is inogatran or melagatran. 
11111111111111 111111111111 1111 
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9. The use as claimed in Claim 8, characterised in that the thrombin 

30 inhibitor is melagatran. 
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lP. The use· a$. claiined ·in any on~ ·of .the preceding claims, 
··' \~ • "i\. t l : ' 

.characterised i~:~at ·lhe prodtWt further comprises a fibrinolytic agent. 

11. The use as claimed in any ·one of Claims l to 4, characterised in 

s that, instead of a thrombin inhibitor, a fibrinolytic a~nt is used. 

10 

lS 

12. The use as claimed in Claim 10 or Claim 11, chfJ.facterised in that 

the fibrinolytic agent is a plasminogen activator, a streptokinase or a 

urokinase. I JlllllJ IJllJJ llllf JllJl JI lfll 
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13. The use as claimed in any one of Claim 4, or Claims 5 to 12 as 

dependent on Claim 4, ·characterised in that the polysaccharide is 

manufactured in the form qf .a film, a membrane, a gel, a solution, a 

thread, a rod or a tube in any dimension. 

14. The use as claimed in Claim 13, characterised in that the 

polysaccharide is manufactured in the form of a film, a membrane or a 

gel. 

20 15. The use as claimed in any one of Claim 4, Claims 5 to 12 as 

dependent on Claim 4, Claim 13 or Claim 14, characterised in that the 

polysaccharide is a chitosan. 

16. A method of controlling wound healing processes within the body, 

2S which method comprises ad~inist;ration of a thrombin inhibitor to a patient 

in need of such control. 
.. ~- -~ . 

17. A method of inln1"#b.p; ,~l: '.prevention of fibrin-related adhesion, 

which method comprises administration of a thrombin inhibitor to a patient 

30 in need of such inhibition or prevention. 
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18. A method of inhibition or prevention of scar tissue formation, 

which method comprises administration of a thronibin inhibitor to a patient 

in need of such inhibition or prevention~ 

s 19. A method as claimed in any one of Claims 16 to 18, wherein the 

method further comprises the co-administration of a polysaccharide and a 

thrombin inhibitor. 

20. A method as claimed in any one of Claims 16 to 19, wherein the 

10 thrombin inhibitor is a hirudine or a hirudine fragment. 

15 

21. A method as claimed in any one of Claims 16 to 19, wherein the 

thrombin inhibitor is a low molecular weight peptide-based thrombin 

inhibitor· 111111111111111111111111111111 
* C L M S * 

22. A method as claimed in Claim 21, wherein the thrombin inhibitor is 

a gatran. 

23. A method as claimed in Claim 22, wherein the thrombin inhibitor is 

20 inogatran or melagatran. 

24. A method as claimed in 23, wherein the thrombin inhibitor is 

melagatran. 

2S 25. A method as claimed in any one of Claims 19, or 20 to 24 as 

30 

dependent on Claim 19, wherein the polysaccharide is a chitosan. 

26. The use of a thrombin inhibitor in the control of wound healing 

processes within the body. 
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27. Th~ use of a low mol~cular weight peptide-based thrombin inhibitor 
•,,, 

in the 'prevention or reduction of the activation and aggregation of 

thrombocytes. I llJl,1111111Ill~11111 ti IHI 
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s 28. The use as claimed in Claim 26 or Claim 27, characterised in that 

the thrombin inhibitor is a gatran. 

29. The use as claimed in Claim 28, characterised in that-the-thrombin 

inhibitor is inogatran or melagatran. 

10 

30. The use as claimed in-Claim 29, characterised in that the thrombin 

inhibitor is melagatran. 

31. A pharmaceutical product comprising a polysaccharide and a low 

15 molecular weight peptide-based thrombin inhibitor. 

32. A product as claimed in Claim 31, characterised in that the 

thrombin inhibitor is a gatran. 

20 33. A product as claimed in Claim 32, characterised m that the 

thrombin inhibitor is inogatran or melagatran. 

34. A product as claimed in Claim 33, characterised in that the 

thrombin inhibitor is melagatran. 

2S 

35. A product as claimed in any one of Claims 31to34, characterised 

in that the polysaccharide is a chitosan. 

36. A product as claimed in any one of Claims 31 to 35, characterised 

30 in that the polysaccharide is in the form of a film, membrane or a gel. 
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37. A product as claimed in any one of Claims 31 to 36, characterised 

in that the low molecular weight peptide-based thrombin inhibitor is 

infused via the polysaccharide. 

I "' ·.,. 


