-1- _ 2141154 TREATED- COLLAGEN- BASED- SURG CAL THREADS The
inventian rel ates to—eettagenbased surgi cal threads containing a nonionic
surfac { which enhances the 5 pliability and, in many cases, the tie
down pgHggrmance of the thread. BACKGROUND OF THE-INVENTI ON 10  Col | agen
based supfjical threads, in the formof "catgut" sutures and |igatures, have
been enpl oyed as absorbabl e surgical threads since Lister's ti ' f

late 19th Century. This invention relates to an inprovenent in't gﬂgﬁﬁ?gf

col | agen- based SHLgGH ddliaRtn aRHE:a chbe tkRzankor m of surgioal qut
fromthe intestines of aninmals such as beef and sheep), or in ¥hee¥g¥ﬁ1of
regenerated col l@gen spdnyign -3d dtie@aicdr e®1Mageh bagelesdegicvedl thuemtke

t endonsof pattle. 20 Historically, .collagen ase %E&Qi%il'kg eggg have
been supplied t FAHAUEEI i%h W] 5"F%%§t%r packet fﬁngpseﬁ in al cohol
cont ai ni ng & sneplli greidant age ofinvataay. CRise sveddon tigr dOMPs PeS fPRERNFReOL
i quid was needetq,bé-rkholr% ,to 25 i mpart sufficient flexibility to the |
thread for it to'be feadily used by the surgeon. Mre recently,lit has been

proposed to package col |l agen based sutures containing absorbed |iquid that

acts as a 30  PRAGKERINES OF CCHETAINVENTEON not necessary-to package the
suture imersed T a Irrquid. For I nstance, one approach to this is’

described by Vivien et al in US. Patent No. 3,896,814, In [ |
_ C . S. . 3,896, t hi,s

Lhe col | ageho baseall kagen ebased rewmsdical thhreadsuii® FAFhG "tC@r%,D&ou}qaCh’
ygroscopi c sutures and ligatures, have been employed as absorbable

surgical threads since Lister's time in the late 1%th
Century. This invention relates to an improvement in the
art of collagen-based surgical threads, whether in the
15 form of surgical gut sutures and ligatures ("gut" sutures
and ligatures are actually derived from the intestines of
animals such as beef and sheep), or in the form of
regenerated collégen éptures and ligatures which may be
derived from the tendonsof cattle.
20
Historically, collagen based surgical threads have been
supplied to the user in a sterile tube or packet immersed
in alcohol containing a small percentage of water. The
reason for this is that the liquid was needed in order to
- 25 impart sufficient flexibility to the thread for it to be
readily used by the surgeon.

More recently, it has begn.proposed to package collagen
based sutures containing absorbed liguid that acts as a

30 plasticizer, so that it was not necessary to package the
suture immersed in a liquid. For instance, one approach
to this is described by Viyién et al., in U.S. Patent No.
3,896,814. In this approach, the collagen based suture is
treated with a liquid containing water, a hygroscopic




-2- -agent such as glycerol, and then a coating of a hydropho- bic material,
i s\gl aced upon the suture. The hydrophobic material is described as being
either &a-silicone or a liipoid. 5 This invention provides a different X

approach to providing a collagen-based suture and |igature that need aACTybe
imrersed in liquid as it is supplied toddae surgeon. The sutures ang ,'
I-{ gat ures provided by the invention are 10 actually nore pliable /A he

standard surgical qut nqw enployed comergially, and .also, Jjn cases,
exhi bi t enhanc@PTToritih Ao et RTE o st ST | % oA i R o i
| NVENTI ON 15 Tiedid meereiniigrl pirso\ploeedn upsinl den shetsere s uriec 4l yaropdabic
containing absqat {er Al AL ABU s bl LYY PRI iidHe WH & 2
hygroscopi ¢ agent, and a nonionic surfactant” sufficient to enhance the

pliability andliRP¥fny cases, the 20 tie down perfornmance of the thread.
The inventigpn al so provides a package containing such a suture, said

package being free of extraneous l.iguid |1 _.as_.a progess for producing
the col l agen b siﬂ%ﬁ?§ﬂ°QFﬁigﬁfé%ﬁcﬂ1éﬁ%ﬁ%ﬁ%ﬂﬁs?ﬁﬁ#éﬁﬁ rﬁfe??ﬁ#ﬁéiﬂﬁ1'
based surgical & hreldchgern+basesblantie and dnigdture cdthata feed oo be agent,
and a noni oni c 4 P&%é‘” 5 P A AR S0 | MdENSterd - surdbdh S g ent
No. 3, 896, 814, laig‘gcrl e %:‘(’)I a eir? b%ed shtur%%ﬁiclont al ni ng V\?a‘% edr%, a

hygr oscopi ¢ agestuRafl apd obigakPras PIARhAN EhaupkItEREIRP Richt

10 actually more pliable than the standard surgical gut now
& émployed commercially, and also, in mény cases, exhibit

enhanced lubricity and tie-down properties.

——

BRIEF?SUMHARY OF THE INVENTION

15 | _
The invention provides a collagen based surgical thread
containing absorbed therein an amount of a solution comprising
water, a hygroscopic agent, and a nonionic suffactant
sufficient to enhance the"pliability and, in many cases, the

20 tie down performande of the thréad. The invention also provides

a package containing such a suture, said package being free
of extraneous liquid, as well as a process for producing

the collagen'based'surgical thread which comprises
contacting a collagen based surgical thread.with a solu-

25 tion of water, a hygroscopic agent, ahd a nonionic
surfactant. : '

THE PRIOR ART

30 Vivien et al., in U.S. Patent No. 3,896,814, describe
collagen based sutures containing water, a hygroscopic
agent, and a coating of a'hydrophobic lubricating agent
selected from the group consisting of lipoids and
silicones. :



selected fromthe group consisting of |ipoids and silicones. -3- U S

Pat ent Nos. 4,043,344 and 4,047,533, disclose the use of coatings of a -
bi oabsgibabl e pol yoxyet hyl ene/ pol yoxypro- pyl ene copol yner |ubricant on the
\f €ither a synthetic absorbable suture or a non-absorbabl e suture.
*DESCRI PTI ON OF THE | NVENTI ON The invention is enployed with
based sutures and |ligatures, either gut sutures and |igatures or N
regenerated 10 col  agen sutures an ‘PTgatures._ Surgical gut is nmade from ‘"
the intestines of animals. For instance, the subnucosa | ayer of sheep

i nt esti nes amdSt.h@azentsNolsayd,068,B44f andt ¢s84Te333y edimrlidsmiliyd Juse
“preferred for, pradugi.n rgi e S _ l.age ut ures
and Iigaturegflggg%grggnggegfFé%?éggrgagﬁétﬁ%%§ﬁg§£§§g§éﬁk4§ﬂﬁg§}%%ﬁ%nlthe
tendons of b&3edg: ERClymRE AubPLicanhdopr Bt cerpires W ithamizxal threads

are wel | knowynthettie absorbablecedtipé b & cpertsfedisble Hituddlvention
I's enpl oyed as one of the final steps prior to sterilization and packagi ng

-’

of 20 uch col | agen based surgical threads. The treating solution, called
"tubing flui RETAIAED DESCRIPFYON OF THE IRVERTIOM contains water, a

hygroscopi c agent that is used for the purpose of retaining the water 25
In the surgical thread, and a nogion'c surfacignt. Preferably it al so

contains a | J0Er 1AVERLIPNsAENSRRIPEER BT SPLLATEY B3R\ RHOEEHiaRhgent s
cont enpl at ed ldige tupriesy, i @lishelragubasetaresghnaf ligatyréoromateyerssh ted

1o collagen sutures and ligatures. Surgical gut is made from
the intestines of animals. ' For instance, the submucosa
layer of sheep intestines and the serosa layer.of beef
intestines are particularly preferred for producing surgi-
cal gut. Also, regenerated collagen sutures and ligatures

15 are made from collagen that has been produced from the

' tendons of beef cattle. The nature and production of such
surgical threads are well known in the art,'and'need not
be repeated here. This invention is employed as one of
the final steps prior to sterilizetion and packaging of

20 such collagen based -surgical threads.

The treating solution, called "tubing fluid",'that is
employed in the invention contains water, a hygroscopic
agent that is used for the purpose of retaining the water
25 in the surgical thread, and a nonionic surfactant.
Preferably it also contains a lower alkanol such as
isopropyl alcohol. The hygroscopic agents contemplated
are materials that have a high affinity for water and a -
low level of volatility, and which are biologically
30 acceptahle materials. Such materials include trihydric n
alkanols, glycols, and low molecular weight
polyoxyethylene glycols. Glycerol is the preferred
hygroécopic agent, although other materials such as
diethylene glycol, propylene glycol, and polyoxyethylene
35 glycols having molecular weights up to about 300 or 400



Iom&Level of volatility, and which-are biologically 30 accept abl e
materials. Such materials include trihydric al kanols, glycols, and | ow
mol ecul ar wei ght pol yoxyethyl ene glycols. Qycerol is the preferred
hygroscopi ¢ agent, although other materials such as diethylene glygH
propyl ene glycol, and pol yoxyet hyl ene 35 gl ycol s havi ng nol ecul #
uﬁxfp about 300 or 400 -4- can be emlgyed as the hygroscopic
t he agueous sol ution of hygroscopic agent, the hygroscopi c agent
enpl oyed in a proportion of from aphout. 20 to 3Q wei ght per_cent, based upon
total wei ght ofcﬁﬁegﬁrsﬁ?ﬁﬁﬁe as SHIS Y OS5 S R3S Pgalcéﬂogg?saﬁgﬁ%T?y
enpl oyed in t hespisdiongofohywroscopi@mpeants dhef hygraiscopigsagendSisei ght
per  cent. The naéhanﬂgrsﬂb;—weahfﬁ agﬁmm It t£i3n! 2BBLENG0 106 30

solution is a nonioniC surfactant. ef'erred nonignic surfactants for use
in the inventi oMe4PBtt RBEcCRRE erbagad tyRAn Hatadi sedgntaPfy theckpeabiad such
aslponoxKthylebebtmohyoxygop@q¢fmeatﬁénﬁﬁ(ﬁﬁxﬂauﬁ?aysumﬁacyaatSn the

pol yoxyet hyl ene e . | ong chai att i 5 .

pol yoxyet hyl enet%%gﬁg%ré?%'?é’p%r?y%(y%ﬁ%tesng%%%p %Pégge?gaﬁa g?h"e'?l%tﬁ%h
esters such as peryegpethyl ene sorbitan nono-ol eate, wherein.the fatty acid
noi ety contains fromabout 8 to about 20 carbon atons. The nonionic
suFfactant is enployed in the_freating solutiqgn 2Q . in_a proportion of
from about 1 toggﬁo extsipgredhtene thahniis AP 2@@eﬂ§bF§efE6 EbB8t 5 to
abput 12 waoght spgntdent isbassecnigwic tdier fadtantuei Firiefetrrellenbnéahiag

surfactants for use in the invention are those materials

that are biologically acceptable. such as polyoxyethylene/
polyoxypropylene block copolymer shrfactgnts,
polyoxyethylene monoesters of long chain fatty acids- such
15 as polyoxyethylene monolaurate, polyoxyethylene mono-
oleéte, and other such esters such as polyoxyethylene
sorbitan mono-oleate, wherein the fatty acid moiety .
contains from about 8 to about 20 carbon atoms. The
nonionic surfactant is employed in the treating solution
20 in a_proportion of from about 1 to about 15 weight per
cent, and preferably from about 5 to about 12 weight per
cent, based upon the total weight of the treating
solution. The polyoxyethylene/po1yoxypropy1ene block
copolymers are the preferred surfactants.
25
The treating solution can also contain other materials
such as sodium benzoate and N,N-diethylamiﬁoethanol, which
are used as corrosion inhibitors. o

30 The céllagen baséd surgical threads that are treated in
accordance with the process of the invention are immersed
in the above described fluid for a period of time
sufficient for the threads to absorb fluid. - Normally this
will -be from about 5 to about 60 minutes, and preferably

35 from about 20 to 40 minutes. The treatment can be carried
out at room temperaturé, i.e., from about 20° to 30°C.



solution, . The pol yoxyet hyl ene/ pol yoxypr opyl ene bl ock copol ymers are 't he
preferred surfactants. 25 The treating solution can also contain other -~
naterlals such as sodi um benzoate and N, N-di et hyl am noet hanol , which are

used AN \COFFOSIOH inhibitors. 30 The col | agen based surglcal t hr eads t hat
are ﬂ‘ted I n accordance with the process of the invention are imrersed in
t he e described fluid for a periods.of tinme sufficient for the threads

to absorb fluid. Normally this will be fron1about 5 to about 60 m nutes, "
and preferab S L Iromabou 0] tes, The reat nt can be

carried out §¥ gﬁoﬁ??eﬁ%ﬁ?ﬁ? i %Qréé)d“h %’boﬂ?mez‘bs?% e tRA%r the
surgi cal thréag Aieidekong nﬂmm fw:thb tq exbsorinthe Lﬁlj-lild)ng'-l@nough for

it to absorbehbeafikUhfle EREnt RERGHES A @rd Deda ) eamY Schedlrsdd iR A'ch t hen
sealed in a fOLip8§ﬁ¥§ g or other slnllar‘gac age an sterlllzed 5

preferably b§od PCHARRET Fiinttan Pagka SERFAHE 2891 he
treatingssol preferabdy by eksoseel by damma hradthtsowery difficult to
determ ne with accuracy. However, the desired anount will be absorbed if 10
the foregoing treatin instructions are fol | owed. The fol | ow ng exanpl es -
illustrate tﬁbeiﬁvéﬁ@foﬁmoEﬂhn%#ethﬁJEl#?%#Q&u$Q%P%kﬂnnﬁkﬁt|¥§|orepared by

m xing the fabbepbed bpotrédi entéad Ted vety 28ifficult to determine with
accuracy. “However, the desired amount will be absorbed if ¥
10 the foregoing treatlng”1nstruct1ons are followed.

The following examples illustrate the invention:

Example 1

15 |
A treating solution is prepared by mixing the following
ingredients:

Table I
20 '
Parts by Weight

‘Water - : : 34
Glycerol ' | 24
Isopropyl Alcchol : . , 31

25  *pluronic® F-68(}) 10
Sodium Benzoate = - : : - 0.5
N,N-diethylaminoethanol - 0.5

(1) A polyoxyethylene/polyoxypropylene block copolymer
30 surfactént. It has a molecular weight of about 8350, and
- is an ABA-type block copolymer. The two A blocks each
cohtain about 75 oxyethylene.units; the B bI§ék_contains

about 30 oxypropylene unlts. M"Pluronic'" 1is aregistered
Trade Mark

35 |
Surgical gutlthteads are immersed in this fluid for about
30 minutes at room temperature. They are then removed,



34 QG ycerol

Parag by Wei ght Vﬂter

24 1'Sopropyl Al cohol 31 25 "Pl uronic"
F-68(1) - - 10 Sodi um Benzoat e

0. 5N, N—dlethylan1noethanol 0.5 (1) A

as’ a
The t'wo
the B bl ock contains

T PAkeBe' TANS BEEPLILALE 0L 2

polyoxyethylene/polyoxypropylene bl ock copol yner 30 surfactant. |
mobkecul ar wei ght of about 8350, and is a-ABA-type bl ock copol yner.
A bl ocks each contain about 75 oxyethylene units;

about 30 Oxyproa%gﬂsaungéélea "5 W o
Surgical gut threads are 1mersed I n

room t enper at ur 8¥POFRES &9 LR Hent ¥ jon (tQGaldﬁaﬁﬁeéPogéaled in a foi

package, and stgtflmeedlspy exposure to [err] irradiation (total dose-about
2.5 nrads). 5 The surgical gut threads so treated are nmuch nore pliable
than the present commercial surgical gut threads that are produced in the
standard wa§ anBheaskegichl rowiattdreadsomootyleatiedohvk woththone phialsle

indicated by a ghgfi the ﬁf@ééxyt r@&‘mlﬁqur&ralmdugﬁ EK&.QQQ th@é SO psi
versus 10 300, 00 Cont r gl Paper

+ 10, 00Q (ﬁ#
fol ders contalnPﬁB Eﬁ?ﬂe%ﬁ.?ﬁé QPQQﬁayﬁﬁﬂ a@étPfgkag§ﬁtbFe§aE?E/soaked in
th§ flui ds indi tabptdopyl Talxdehdl ,solution, as is indicated by a signifi-~

cantly reduced Young's Modulus (75,000 + 25,000 psi versus
10 300,000 + 10,000 psi).

Example 2 and Controls 1 and 2

Paper folders containing Size #1 chromic surgical gqut
15 sutures are soaked in the fluids indicated in Table 1II,
below, for 30 minutes at room temperature, are then
drained to remove excess fluid, packaged in foil packages,
and are sterilized by Covv. 1 '

20 o TABLE IT

Component Example 2 Control 1
Isopropyl alcohol 5.1 liters 5.1 liters
25 Distilled Water 3.75 liters 3.75 liters
Glycerol 2.0 liters 2.0 liters
‘Sodium Benzoate 5.0 grams 5.0 grams
E Silicone Emulsion(4)(1%) - 100 ml
' Diethylaminoethanol _ ._ 5.0 ml 5.0 ml
“ 30 "Pluronic" F-68 (2%) 200'grams: -

D N . B i D D WD N GO L D W A P D . G L L D D Y D D D T D S D A A P W A D Gy W D T Al e D D VD G P D S

{2) Dow Corning.ﬁss Emulsion
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bel ow,.- for 30 minutes at roomtenperature, are then drained to renove-

excess flui«4; packaged in foil packages, and are sterilized by [err]. 200
TABLE- | §sonent Exanpl e 2 ., Control. 1
| sopt opyy: A cohol 5.1l liters 5.1 liters 25 Distilled

S \Wat er 3.75 liters 3.75 liters dycerol

2.01liters ZOIMem:%mumBmymue 5.0 grans Lo
5.0 grans Silicone EnuIS|on(2)(I@6 -- o 100 nm hd
Di et hyl am noet hanol " PI uroni c" F-68
(29 2Tnege agytures, alQ“S( Zyl%ﬁ‘iﬂﬂdrﬁ??g R?G’Sa“Eﬁ}P& §hze #17. These

SutEreSd al 089:’&9&1}&" §&an§k@hﬂr¢f§ qﬁmth dqu Sirz avaitle rotirsoipropylt adobhoks
packaged in yater/i op 0 r , etie
down- r oughne PE?Pfdggmgﬁ% i ?—% %ée:(r)tnéet‘&Il 2Q1%ad§%rbg@u§ﬁ5%gs g 522 532,
the 5 di sclesaribed ihiBhnterietcxbor dl<th RAtaNt Hp.r 3n8A2n8a2, THRe

results gre gébeh3¥§ge'8f1€91€hlié 1ﬂaﬁﬂﬂéﬂdﬂedihere1n by reference.
Exanpl e Atro

Cont 1 ol e Omkﬁé’- ess, grans 165
440 ThegsyesyltEaaFe A1 SRy rFWr?q tabi’e is the average of three.
tests.) As the foregoing data illustrate, the pol yoxyethyl ene- 20
pol yoxypropyl ene bl ock copol yner SLwigggéuegieldS'a

10 - Exanple 2 Con;rol l Control 2

Tiedown-Roughness,

grams "~ 165 . 440 . 454
(Each value given in the table is the average of three
tests.) '

As tﬁe_foregoing data illustrate, the polyoxyethylene-
20 polyoxypropylene block copolymer surfactant yields a
significantly smoother suture that is easier to tie down
-than either of the two controls.

: Example 3
25
The procedure of Example 2 is followed, except that the
porportlon of the "Pluronic" F-68 in the tublng fluid is
varied from 2 weight per cent to 10 weight per cent. The
tie down-roughness test performance of the gut sutures so
30 treated is shown in Table IV:

A

Table IV

2% F-68 4% F-683 = 10% F-68%

35
Tie Down-Roughness,
grams 220 206 . 192



S|gn|f|cantly snoot her suture that is easier an elther

t we-scontrol s. Exanple 3 25 The procedure-@f Ex _
that the porportion of the "Pluronic" F-68 in tﬂm ﬁ B“ ﬂ
from 2°aei ght per cent to 10 wei ght per cent. ughne.

performance of GLAMPut sutures so 30 treated i S shomn in Table IV Tabl e

-V 2%.F- 68 4% F- 68 0% F- 68% 35 Tie - Ro ans
270 204+ A collagen- as&AlsTyggfcq& z?ég E’ig\ﬁ gi cal thread

ﬁont ai ni ng abseitddentieredn amantowit asa laqlmtmmanmmgsm er, a .
ygroscopi c agent an S fif o |e@qgfgéggyyme t he
pliability of g’aﬁt(fr’hreg‘a'ws(%%p?h l‘J="rcgfelq1 e@ﬁ-lcgaasé'1 el rgad alm1l
wherein s d t uffddient S @W%tt%tn%{@m{lll‘%&tfuﬁél@ threpie
col | agen- based surglcal t hread of cIa|n11 or claim2 wherein said
hygr oscopi ¢ agént | Fhep coll@arnshssed, th Qﬁﬂqkﬂ}ﬂ1%xﬁﬂﬁr g?%%?
thread of any emgedfd Q'saldf%u]z‘él(baa. vgiftr@dtdm dmrlqaghtahs@ cont ai ns

i sopropyl al cohol. 5, coII en ased surgigal - thre f any- one 15
of claims 1 to34 whdhe ﬁ g%ﬁﬁ&? %iéh ad'SF e 1.

1 or claim 2 wherenxsald hygroscoplc agent is
10 glycerol. '

4, The collagen—based surgical thread of any
one of claims 1 to 3 wherein the thread also contains

(&

isopropyl alcohol.
5, The collagen-based surgical thread of any one
15 of claims 1 to 4 wherein said nonionic surfactant
is a polyoxyethyiene/polyoxypropylene block copelymer.
. 6. "A-process for producing a flexible collagen basea.,
surgical-thread having good pliability properties,
whlch'comprlses 1mmer51ng a collagen based thredd
20 . in a solution of water, a hygroscoplc agent and
' a nonionic surfactant.
7. The process of claim 6 wherein said solution
.also contains isopropyl alcohol.
8. The proéess of claim 6 or claim 7 wherein the
3 surfactant is a polyoxyethylene/polyoxypropylene
block copolymer. _
9. A sterile package comprising the sterile collagen
based surgical thread of any one of claims 1 to 5
contained in a sealed package.

¥, -



~is a pol yoxyet hyl ene/ pol yoxypr opyl ene bl ock .copol yner. . 6. rocess for —~
producing g.flexible collagen based sur gi cal i ng good pllabllltyxg

propertieg h~|ch conprises imersing a collagen w“mg in a
‘. w er, a hygroscopic agent, and a g%ﬂ m‘
a)m 6 wherein said sol ution also

sol utt.on
I sop¥ opyl alcohol

. process o
8. The pr\Qcegs of claim6 or claim?7 wh8Fei n the 25 surfactant is a i;;

pol yoxyet hyle pol,yox I I I package
conpri sing th %éte 3&R3%Eé g%% gs%§§§%§§?céﬁg%ﬁ?éaEUb§téﬂgi %gyof cl ai ns
1to5 contalmsdhemeanbsib@@ gdeskadbed with- referepnceotbagba- based surgical
- thread, subst 1%% as hereinbefore described with reference to the
Exanples 11.- A process for produ0|n a flexible collagen-based 5

surgi cal thredd - sdo®FRGERES FPTaBTREVELREePof &eHLRLERI BEYLARER-PEFERence to
t he Examgl es. sh%gloélsttafneba su;hurseamﬁhagy asuheranhbafbyeas hereinbefore

descrl bed Wit Q‘lers%fr%.%eiacwit %‘eBé%n%l 0" the Examples.
12. A sterile suture package, substantially as
hereinbefore described with reference to the Examples.
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