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5 MINERALIZED COLLAGEN

CROSS~-REFERENCE TO RELATED APPLICATIONS

10
INTRODUCTION

Technical Field
The field of this invention 1is8 mineralized

collagen.
15

Background

Enhancement oOf the compre331ve, tenSLle, flexural

and fatigue properties of organic compOSLtes, nas and
continues to be an elusilve goal Since the utilization
20 of oxrganic composxtes in hlgh performance appllcatlons
1s ever-lncreaSLng, 80 is the need to enhance
mechanlcal behaVLor of these wldely used materlals.
| By mlmlckxng cell-assembled blologlcal materlals
. with high compressive strengths, similar attractlve'
25',-.propert1es.may be englneered 1nto new'synthetic '
-composmtes. Bone is a blologlcal composxte Wlth an

-average modulus of elastmcxty of about 20 GN/m2
.compre551ve streng**7of 170- 220 MN/m2, tensile strength

of 187" MN/m2 and beralng strength of 220-270 MN/m2.

,_30- 7-*5_0.aone dlffers ftom other composxte materlals in that

it possesses an orderly intlmate comblnatlon of a
ll-calCLum phosphate mlneral phase wmthln the collagen
lopolymer matrlx phase.  The calcium phosphate appears
" to be assembled at gaps in the collagen fibrils to

35 "create mineral-polymer comp081te fibers. These
minerallzed collagen fibers are bonded together 1n an

orderly'manner by further calc1um.phosphate cementation,

produc;ng 2 self-assembling composite.;_

----- . ..,‘,. ;t v-..ﬁ‘ -'t‘, ) ;.' ' .." ) . _‘ . . . ’ ) .
a "¢ ‘.‘ - 'v'.-. - f . ' , A i - .“_.. . . ‘-.
.o : o ' t Wt N B = D a
LA . - . } . P « i ’f. N ;‘.' . . ‘ } ‘,k'-.‘ <.
' . 0 ‘ . " - . i . ) . ' . . . "".. '.' ) ." ’ . ."."'.. 1 | "
: ‘? ) . :.\ . ) .'}.'- « 20, ".-. .J o '_.*» ’ YT »:"- S ..f. .t . w s ."-"--"- - E | f"-:’}'\ .f. i . .’ : "( "h"
. - . : r . .‘ . - . s . r - Y ~" 4. - _“\‘:' : -4 4 EEL I . 't L e °- o 2. ..'\” . 1 -~ .", . . B Vgt i ,._. '_' L !’ T 1 ,. .
- . - . D AL - R c [ . wa e Jor . N, .l % - agd O, 8 s . ' - . O L. - . v " TN VYo
f - o f s . L 4 ' . = 4 LR . v " et cqlas , . ! . RO ! -Il,- ) 5 ', .- . . .1 . ’ . ot g .
' . S . . . = A, g LI IEER ;‘ | . f‘ DR ES Y J . "'l". < \ . t -, R " .i‘ . R M . 4 ¢
’ At = ) "o e 4 R IR L S L ATt B ., "W gt N Pt 1e
1 i L * . * . ' . . '_" " . ., . _1’: .. . . . e ’ ‘ . . ‘.:- ot 1 . . . w et
‘ - - .. ’ t "’ ? 4 s ST B . " '.' PE [ ‘-. : " ." <. 4 . '-o :’f"! . ’ \“‘ . -“
ay LI (P S R - L 1 S T L T R DU IR A S ) .
! IR t 3 W, i Dl T e e 2, g
1 ’ S ) St ) g ! RPN S L ' " kT - 0"”(- & tt "
- ‘ ' : % ' . 1 . }' % h ‘. s [
3 4 e 4y ) . ' DR e . ’ o il Bl . L
" . i ' a : ity o Seta et ' ‘ P »
1 2 r = . s 3 ’ . ¢ ‘..' -y ‘ ‘!' ’ ol ' L l'. 1 ’ : ' ;
Y . " ;_‘ N + . { .“ 1 B LA . 4 4 | . v
oy . . '},’ 5 Y Cs .;'.K].x‘_--_ . : ' s
. - . L ] - roan 8 . . Love" oy s s
i . _?’f P t "Q !, S, I ‘.'.r. a ' 1.’_ it . .'. ;:' .,‘ . , t 3 . . T R l - i l‘
i b 5 . o , &, 1 hM : o1, Al‘ ‘. A ¢ ] 3 . ) « L d
. |‘I,l [N '.“, i .. '1“ . .f . 'ﬂ ., .". ‘.\ ., .' X 3 .. . X § } }
L3R T ’ '.' : A ‘. .f |..* e ' ' ‘f X '.'. - = S 1 '4" .'-; "."-l - . i 4 .. ' TN,
o -2 O PR LI f e 3T ‘}’_ R .i‘s‘!): ) 1 ¢ e b ! . " I v
M .",: : :.‘ ' ';:' L \i‘ .: '“'s.; , "'.t;’"u"' : " . g | ' - R 3-.
== ', P ! ., ' 4 . " ’ “ » = A .. '
L8 .‘.3. ) v . .;.- <y . " P ."af.. . 1“3 "~ s f‘ . . .1
.. . ¥ S .. . 3 M "‘ ] q ‘1" LY . R 1 o
- : . . ) ' { 2 . N wh - A . b ! .
’ g [} ' ’ 0{(‘ ‘ 2 2 a = f"' L LTS r Bt . ’ .k LT A B I P
. N 4 f 7 4 . f ™ 2 .,
’ , N t ] ," ‘ . lt} A .-.. 1' z ,$.‘ ‘ « ' “E “p i *
S 13 ) N ) ‘-.“ ,.'., :,. . . ;‘,_'1 ‘4 _“: . ‘; . 4 -?' ‘
5 i )» " . ‘;. ’) iq., . \" . ’ .I‘L.!:f-_ -,':'. , " "' . -".'l
P H ‘ g SR IF PR ol A ANE g i S AL
’ .-“, : . ", _.t'.. > ‘}‘ N l,A.Q ‘. ~ " . 1; ‘e 1
‘ P ©o et s i‘t;l-’ '-:J. it f‘({“’f, } ;" u‘ﬂ.. : t
T T TR R B, LA BT Sy i

. LI \c-d-;ef-w .w.w._’, 71 S, —ags



‘) | -~ oa
2104681
WO 93/12736 | PCT/US91/09533
2 :a' 3
Bone is characteristically composed of type I
collagen fibrils intimately associated in an orderly
manner with calcium phosphate crystals. Minor

constituents include an array of macromolecules as well

5 as a series of small molecules associated mainly with ,
the mineral phase. Besides bone, similar composite
structures are also found in tooth dentin and cementum, 4
fish scales and mineralized tendons. Although the
ultrastructural organizational patterns of these tissues
10 differ from one another and from most bones, they all
appear to have many properties in common at the
molecular level of organization. For example, during
their formation collagen is synthesized, extruded from
the cell to form self-assembled fibrils 1in the extra-
15 cellular space before mineralization begins.
' One feature of bone is the exceedingly small size
of the crystals. Bone crystals are certainly among the

smallest biologically formed crystals known and, in
fact, most crystallographers would intuitively not

20 expect crystals just a few unit cells thick to be stable
at all. Therefore, the collagen bone structure has
unique characteristics as to its formation, components,
and properties. o

Since collagen is readily available from a wide
25 variety of natural sources and by mineralizing collagen;
' unique.prOpertieSmay be achieVable, thé;e is -

substantial interest in providing for methods for
producing mineralized collagen having characteristics
useful for applications in the biomedical as well as

30  other fields.

Relevant Literature

The protein’compositién of bone is described by
PR Delmas et al., Calcif. Tissue Int. 3636:308-316 (1984); i
- 35 Tracy et al. In: Develogment and Diseases of Cartilage
and Bone Matrix. ed. A. Sen and T. Thornhill, Alan R. '
Liss, NY 127-136, (1987). Glimcher, Phil., Trans. R. '
Soc. Lond BBO4 479 508 (1984) descrlbes mineral phases

-----

....................

.. -f 4 - .- - . T e e S S o 2 S S A
..........

$ 4 4 [ 1 ta - w4 b

’

. L]
......
.



- -
A |

4 =~

10

15

20

25

30

- . .
""""

- -ow - N & %
» L ] e -
- . v ’ - .~
A - .ﬁ-\. - -
. . ™ . e - !
* P NV "~ -
-

or more years.

:21{}4{331*;

AN O 93/12736 PCT/US91/09533
R 3
in bone. See also, Calcified Tissue, ed. David W. L.

Hukinz, CRC Press Ins., BOCa Raton, FL, 1989, chapters 6

and 7.

SUMMARY OF THE INVENTION

Mineralized collagen is achieved by employing

dispersed or solubilized collagen 1n a basic pH medium

and preparing calcium phosphate in situ. The resulting
product has calcium phosphate stably dispersed in an

ordered manner associated with the collagen fibrils.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS
Methods and compositions are provided relating to

mineralized collagen, where the product has a

substantially uniform distribution of calcium phosphate
crYstels distributed through collagen fibrils. The '
method employs preparihg calcium phosphate in situ in a
d;sper3lon of collagen fibrils at high pH. The calcium
phosphate is formed in situ by the simultaneous gradual

addition, preferably continuous addition, of a source of
soluble calcium and a source of soluble phosphate to the

collagen~fibril-containing medium. Other components
which are to be incorporated into the crystal lattice

will also be present. The resulting product after

thorough washing in distilled water has ca101um

phosphate stably distributed wmth the flbr;ls to form a

substantially uniform composition of calcium phosphate
and collagen. The mineral phase'will usually have a
Ca:P ratio of l.2-l.8,lhexagonal symmetry and be a
member of the hydrokyapatite mineral group.

- The collagen'may come from mineralized or
unmlnerallzed collagen gsources, usually'unmineralxzed
collagen sources. Thus, the collagen may come from
bone, tendons, skxn, or the like, preferably collagen
Wthh anOlVES a comblnat;on of two strands of a2

The collagen.may be from a young
cow'of 2

collagen chains.
source, e.g., calf, or a mature source, €.9.,
The particular 8ource of the collagen,

"""""""
------

i A "a kS o

I T PN e S -
.
A .



.....

cccccc

WO 93/12736 4

10

15

20

25

30

35

........
- . L
. o ! .

AP

-----

o}

I K 4
2 1 0 4 DO U PCT/US91/09533

may be any convenient animal source, mammalian or avman,

and may include bovine, porcine, equlne, or the like, or
chicken, turkey, or other domestic source of collagen.

The collagen which is employed will normally be
dispersed or solubilized collagen where solubilization

is achieved by dispersing the collagen source in a

medium at an elevated pH, using at least about pH 8,
more usually about pH 11-12, and generally less than

about 1 N. Commonly, sodium hydroxide is employed,
although other hydroxides may find use, such as other
alkali metal hydroxides or ammonium hydroxide. |

The concentration of collagen will generally be in
the range of about 0.1 to 10 weight percent, more usually
from about 1 to 5 weight percent. The collagen medium
will generally be at a concentration of the base in the
range of about 0.0001 to 0.1 N. The pH is generally
maintained during the course of the reaction in the
range of about 10-13, preferably about 1l2.

The phosphate and calcium are added as solutlons,
generally at a concentration in the range of about 0.001-
0.5 M, preferably about 0.025-0.2 M. The volume of
the solutions added to the collagen medium will
generally increase the collagen medium volume by at
least 10 percent, usually at least 25 percent and not
more than about 400'percent, generally in the fange of
about 50 to 150 percent ThUS, the collagen'solution

“Wlll generally not be dlluted by more than four-fold.

Be91des a source;of calcium and phsophate, sources

 'of other ions]may be empioyed) such as carbonate,
_fohloride; flooride,_sodium'or'ammoniuﬁ The presence of
 _carbonate results in a product having the properties of
'o dahl1te (carbonated hydroxyapatite), while fluoride
' prov1des a produot,haVLng the.propertles of fluoridated
apatite. The Weight % of carbonate will usually not

exceed 10, while the weight % of fluoride will usually
not exceed 2, preferably in the range of O'to-l; These
ions may be present in.conjunction with the calcium
and/or phosphate source, soo1ong'as the ions are

t .
N :
: - -w > ‘fl"' - - r v‘v-n. - - . 4 L - N .
' 'F..i ) . . 1, . . Lo ,q\: . ' ; l , . I . $ . f‘ ‘ 4.1
' ) . L IR Y « > 3% P N PRI NI | . ; -'o' - aa. vy LI .o ¥y R L B R rh’. I - T ' I : .
-4 ’ .- ' " e - -« - ", .0, S LA T *j L IR S T e L . . R Cwg v - . { ro e . . ‘ -
. ” . .- s ! $.0 . cTan = Y 0 L 1 LS TR ’(.. . R ! - ' R | j“ DL ‘. » 4 ’; e T - et . 3 .t e '
b e . DL BTN - L4 .. . - R L PR ; . v, 4’ st . | .'\,.'l‘ A i s ' .
.. . - SERRCIEIERE WAL S N TR - TN R . G N e -
I e e o . " . . v . . . . . . .
.. -_'3 . -. 4 .;‘ R :‘,;‘t‘.‘-‘ ) v . ) '. _.‘.. . ‘..4 - j‘. .
. ‘v a . P WY, . s . 0 ’ '
- LI N . o sy N v -t r tor o . ) '
I RS .. . , SRR L I . ! ’
) . e eyt F BT ' 2y
Y b . L . . . - N . . P q .
< ' N < i: .t . e ‘@ " » ‘ . L]
“'.t " . . \‘ ' ey gt . Y | v [ ] s * o
St .. N r 5 . 'Ly . i 1
’ . : ] . . : :
- oY @, e . X . - .
b ) [ A et LN v . "‘bL e T ‘4 . -
‘- 1 ' - _’1.‘ . P T T ( b T LR .0 . [ P
t ' b, -e ¥ . v 4. ‘e [ ’ Lo .« 5 - ’ Aew T
. . = ' - e 40 M . - " . . * - «a "R
' . “r v N L . . . * - L Y
‘‘‘‘‘ A : oot SR » Lo %t
) ’ . [ PA e - Y, .o ey R I TR
. L . P . v’ 3 s g 8 ] .
R L. ‘ : aateta S Ve, N, Lt % '
. .. - ’ .o . - - bl . - g . f- .
» . . " / . L | , R . 4 . .o e .'; L ] .
“'0.. R ' e ",’-J R ?y. . y&*, ) 14 LA . t . . VT ?:,‘," O - )
) s . . IR 1 . LS . R
A I R N A AR i RPRRE | ' b LA Vb ae . Je R ale e ! y 24" o f
. . - . : i, r }l 19 . ] . a d ‘I.I - .. - “u
. a's . o . ! ,f . L T T 2 N e [ l . . ’
> : AR IR e, v B R . Teed ~ 3 LR
3 a ' - e T oa. 4, .. L v . .
i . ; . ) H vy 4 i I AT . .
) R N P T L " . . A N v s c . L
............. » ~ ® .« i, . . ~ ey PN '] ' e .
. 2 A, . ' e . - e + TR ’ 2 " ’
. . a. ¥ . ;’." -}; L - . ., 3 "B . -
' . s . . V. 1‘ NPT 14 + 0 : Tt . .
v g . X | - . "u * v, v - “ ’ {
- a - . | » - b ,l» roLa - ] . a'n -
e 4 , . P A P % A ) . c e |
. kL ' A I A SN KA, . .
- < C .. -t ! -q, " . . ., L ’J s . . . iy
o - I LR | .
. Y e, N ' &, ' & 1 ¥ N ' -
- . \ - L ‘ . . % ’ Y ‘.
D." 00000 . .' . - * . n LI | >t . A ! .l {
3 v “e ) ‘ R N AR R 0t e i )
’ - # . ' . L4 . [ .
P P . ¥ . ] g oy 'e I e R ‘ .
- N * - -~ L r -
L L e € ot . S N _l ! R .
------ " v 4 . . . .a ", . . .-
.o,t A ) . s N v N i. .
s v Y. } LR -\ ~ 4 e 3
y . .« . . e . M
*. - 11 4 { o .. . | <
. . .- . CNRIEEE MR t .- ' H 111
. i . S T T R P ,{ 'Y [ 1410 J 1 » - .- F BN ‘ LT R 4
' 'k . i -t e 5 R DR "o iy rbhaes L '
R 2 e T e A R TP U I i v L4 ‘9 §4 4 -t “ '
J; 74 'y sl Bt PR e s !

............
PN LR IR N I AU DU P I T

oo



10

15

20

25

30

LI
. -

......
----------
. .

35

R

PCT/US91/09533

compatible and do not result in precipitation in the
reagent solutions. For the most part, the counter ions
will be selected so as to be physiologically acceptable
and not interfere with the mineralization of the collagen
fibrils. For the most part the counter ions for calcium
will be chleoride, oxide, hydroxide, various calcium
phosphates, and the like. For the most part, the counter
ions for the phosphate will be alkali metals or ammonium,
particularly sodium,

The rate of addition is relatively slow, generally
requiring at least about one hour and not more than about
72 hours, generally being in the range of ab»out 2 to 18
hours, more usually in the range of about 4 to 16 hours.
For example, with one liter of a collagen diopereion,
where about a total of about one liter of reagents is
added, the rate of addition will generally be in the
range of 20 to 150 ml per hour. .‘

The addition of the reagents can be provided in a
s~ !ichiometric ratio, although stoichiometry is not
rzyuired, variations from stoichiometry of up to about 50
percent, preferably'not more than about 25 percent =re
preferred. Thus, where the stoichiometry of addition is
not maintained, one of the components may be exhausted,
while addition of the other components continue.

Durlng the course of the reactlon, mlld agitatlon is

maintained, so as to ensure substantlally uniform.mlxlng

of the collagen flbrils and the calcium phosphate

fmlneral. Mlld temperatures are employed, usually not

less than about 4°C and not more than about 40° C,

'preferably in the range of about 15 to 30°C. The weight

ratio of the collagen to calcium phosphate mineral will
generally be in the range of about 8:2 to l:1, more
usually about 7:3. ' _

The nature of the calcium phosnhate mineral'may be

'varled widely, including calcium hydroxyapatite,,calclum -

" e
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hydroxy/fluorapatide, brushite, dahilte, monetite,

.phosphated calc1um carbonate (calclte),
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6
octacalcium phosphate, tricalcium phosphate, where the

choice of stoichiometry of the calcium and the
phosphate, as well as the presence of other lons, will
result in the particular conmposition. Thus, by varying
the calcium to phosphate ratio, a range of mineral
compositions may be attained. Other non-collagenous
proteins or factors, such as BMP-2, calcitonin, etc. may
be included in the solubllized or dispersed collagen
slurry, prior to Ca and PO, addition. The amount of
such additives will generally be in the range of about
0.0001 to 2 weight % based on collagen. The added
protein may combine with the mineral as it forms on the
collagen, binding the added protein to the collagen.
After completion of the addition, agitation, e.g.,
stirring, will normally be continued, usually at least
about 1 h, more usually about 2 h and agitation may

continue even more. The amount of continued agitation

is not critical to the preparation of the product.

Upon completlon of the reaction, the product may be
treated in a variety of ways. The product may be washed
repeatedly to remove any unbound minerals or other
components of the medium, as well as provide a more
neutral pH. Washing may be readily-aCComplished with
water, saline, mi1d acidsoor the'like.- The product may

be stored in solutlon, may be lyophlllzed flltered and

dried, or the like.,

The amount of collagen present in the final product
will generally be from about 80% to 30%. The bulk
density of the final product will be in the range of
about 0.0l to 0.5. —The'mineralized;collagen will
retain the calcium phosphate mineral under standard

-;temperature and humldlty ‘The TEM/SEM and FTIR iudioate

the presence of both collagen and calcium phosphate
mineral which is more likely a carbonated apatite.

The subject compositions may be further treated in
a varlety of ways. The subjeot oompositlons may be

‘ cross llnked using a varlety of cross-linking agents,

such as formaldehyde, glutaraldehyde, chromium salts,

v
llllll
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7
di-isocyanates or the like. The subject compositions

may be combined with other compositions, such as
hydroxyapatite, as gravel, slurry, powder, etc. These
combinations may find use for different hard tissue
implantations.

The subject composition may find application in a
wide variety of bio-medical uses, by'themselves or in
combination. The subject composition may be used for
the production of prosthetic devices, bone filler,

hemostatic agent for bone-bleeding, etc.
The mineralized collagen has application as an

osteoconductive bone grafting material for non-union
fractures, periodontal defect filler and bony defect
filler. By combining the subject composition with an
osteoinductive material, such as antologous aspirated

bone marrow, bone morphogenic proteln, calcxtonln or
other growth factors, bone lnduct;on and growth may be

further augmented. The subject compositions find
application'in'soft tissue augmentation, such as urinary
sphincter augmentation,'dermal'wrinkle augmentation and
burn tissue repair. 1In addition, the subject
compositions may’be used as a hemostatic agent,
particularly for hard tissue bleeding. '

The followlng examples are offered by way of

illustrat;on,and,not bywway.of llmitatlon.

Example l Reactlon solutlonS'were prepared of

0. OGM sodlum phosphate (tr1~ba510) and 0.1M calcium

 chlor1de. Bovxne tendon collagen (2 15 g)‘was
'solubilized in one llter of sodium hydroxlde, pH 12.
‘The reagent solutlons were added simultaneously over a

period of flve hours and ten.mlnutes. ‘The mixture was

kept in the refrigerator undisturbed overnight. The
{;mlnerallzed collagen product'was centrlfuged and then
washed three tlmeS'Wlth deionxzed'water followed by

centrlfugation. (U-0071) The weight ratio of collagen
to mlneral'was 337.. | | -
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The above experiment was repeated except that the%d

collagen source was different. Avian bone collagen from

Medimatrix was employed. (U-0074).

The above samples were lyophilized and viewed under
SEM (Scanning Electron Microscope). While no banding
structure was observed, a fibrillar structure was seen.
EDS (Electron Dispersive Spectrometry) showed a similar
calcium to phosphorous ratio as seen in hydroxyapatite,
with the calcium distributed uniformly throughout the
sample. This is evident with the SEM elemental
analyses. When a portion of the sample U-0071 which was
not lyophilized was suspended in 500 ml of deionized
water, and blended for one minute, followed by pouring
into a 500 ml graduated cylinder and kept undisturbed
in a refrigerator, at four hours no separation of phases

was Observed. .
The lyophilized powders were measured for bulk

(apparent) density, where U-0071 was found to be 0.04,
while U-0074 was found to be 0.01l. _ ' '
Example 2: Avian bone collagen (11.6 g) was
dissolved in 1 liter of dilute NaOH solution (pH 12).
Reagent solutions of sodium tri-basic phosphate and
calcium chloride at 0.06 M and 0.1 M, respectivelywere
prepared. The concentration of the collagen in the
sdlution was approximately 1% (w/v). The addition of
the reagents re§uired.72 houré.and'prOVided a ratio of

'-70%.0011agené'30% hydr0xyapatite_by weight. At the end
~of this time, the reaction was stopped'and the sample |
stored in a refrigerator. The sample was washed three

times in distilled water with centrifugation and then
stored in a freezer (U-0084)}

The above results demonstrate that one can prepare
stable mineralized ¢ollagen.for a variety of uses. The

calcium phosphate mineral is stably distributed in the
0611agen_toiprovide'dfproduct having desirable physical

'pr0perties and mimiéksﬁbOne, It.isimineralogically,

biochemically, and ultrastructurally nearly identical to
mineralized bone. Spacial arrangements of crystals of
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hydroxyapatite and collagen, shield the crystals from being
perceived by the i1mmune system as foreign bodies, analogous to

the way that ceramic gravels mixed wilth collagen are used.

The invention now being fully described, it will be
apparent to one of ordinary skill in the art that many changes
and modifications can be made thereto without departing from

the spirit or scope of the appended claims.
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CLAIMS:
1. A method of mineralizing collagen with a calcium

phosphate mineral, said method comprising:

preparing said calcium phosphate mineral in the presence
5 of a dispersion of solubilized or dispersed collagen fibrils in
basic pH aqueous medium, wherein the amount of collagen present
will result in a product having from about 30-80 wt. % of
collagen, said pH in the range of about 10-13, by adding over
at least one hour to said dispersion a source of soluble
10 calcium and soluble phosphate in the correct ratio sufficient

to produce said calcium phosphate mineral:; and
collecting the mineralized collagen.

2. A method according to Claim 1, wherein said calcium
phosphate mineral has a Ca:P ratio of 1.2-1.8, has hexagonal

15 symmetry and is a member of the hydroxyapatite mineral group.

3. A method according to Claim 1, wherein said

dispersion is a solution.

4 . A method according to Claim 1, wherein said pH is in

the range of 10 to 13 and is maintained during said preparing.

20 5. A method according to Claim 1, wherein said source of
calcium is calcium chloride and said source of phosphate is

sodium or ammonium phosphate.

6. A method according to Claim 1, wherein the addition
of said source of calcium and said source of phosphate during

25 sald preparing is at other than in stoichiometric proportion.

7. A method according to Claim 1, wherein said collagen

is bovine collagen.
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8 . A method according to Claim 1, wherein said collagen
is avian collagen.
9. A method according to Claim 1, wherein a non-

collagenous proteln moiety is added to said dispersion prior to

sald adding.

10. A method of mineralizing collagen with a calcium

phosphate mineral, said method comprising:

preparing sald calcium phosphate mineral in situ in the

presence of a dispersion of solubilized or dispersed collagen
fibrils in basic pH aqueous medium at a pH of about 12 by
adding calcium chloride and sodium phosphate solutions to said
dispersion in the correct stoichiometry for said calcium
phosphate mineral over a period of at least one hour, wherein
the volume of said dispersion is diluted less than about four-
fold, wherein the amount of collagen is about 30 to 80 weight

percent of said mineralized collagen;

isolating the mineralized collagen and washing said

mineralized collagen; and
drying said mineralized collagen.

11. A calcium phosphate mineralized collagen prepared

according to the method comprising:

preparing a calcium phosphate mineral in the presence of a
dispersion of solubilized or dispersed collagen fibrils in
basic pH aqueous medium, wherein the amount of collagen present
wlll result in a product having from about 30-80 wt. % of
collagen and said pH is in the range of about 10-13, combining
with agitation over at least one hour a source of soluble
calcium and soluble phosphate in the correct ratio sufficient

to produce salid calcium phosphate mineral; and
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collecting the mineralized collagen;

said mineralized collagen characterized by having calcium
phosphate stably and uniformly distributed with the fibrils to
form a substantially uniform composition of calcium phosphate

and collagen.

12. A mineralized collagen prepared according to the
method of claim 1, wherein the method further comprises a non-
collagenous protein moiety added to said dispersion prior to

sald adding.

13. A formed object composed at least 1in part of a
calcium phosphate mineralized collagen prepared according to

the method of:

preparing a calcium phosphate mineral in the presence of a
dispersion of solubilized or dispersed collagen fibrils in
basic pH agueous medium, wherein the amount of collagen present
will result in a product having from about 30-80 wt. % of
collagen and said pH 1is in the range of about 10-13, combining
with agitation over at least one hour a source of soluble
calcium and soluble phosphate in the correct ratio sufficient

to produce said calcium phosphate mineral; and
collecting the mineralized collagen;

said mineralized collagen characterized by having calcium
phosphate stably and uniformly distributed with the fibrils to
form a substantially uniform composition of calcium phosphate

and collagen.

14 . A carbonate-containing calcium phosphate mineralized

collagen prepared according to the method of:

preparing a carbonate-containing calcium phosphate mineral

in the presence of a dispersion of solubilized or dispersed
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collagen fibrils in basic pH aqueous medium and said pH 1s 1n
the range of about 10-13, combining with agitation over at
least one hour a source of soluble calcium, soluble phosphate
and carbonate in the correct stoichiometry for said carbonate-
containing calcium phosphate mineral, wherein said carbonate 1s
present in said mineral in an amount up to 10% and the amount
of collagen present will result in a mineralized collagen

having from 30 to 80 wt. % of collagen; and
collecting the mineralized collagen;

said mineralized collagen characterized by having
carbonate-containing calcium phosphate stably and uniformly
distributed with the fibrils to form a substantially uniform
composition of carbonate-containing calcium phosphate and

collagen.

15. In a method for replacing bone, the improvement which

comprises:

employing a mineralized collagen prepared according to the

method of Claim 1 in said replacing.

16. Use of a mineralized collagen as defined in claim 11,

12, or 14 for replacing bone.

17. A method of mineralizing collagen with a carbonate

containing calcium phosphate mineral, said method comprising:

preparing said carbonate-containing phosphate mineral 1in
the presence of a dispersion of solubilized or dispersed
collagen fibrils in basic pH aqueous medium, said pH is 1n the
range of about 10-13 by adding over at least one hour to said
dispersion a source of soluble calcium, soluble phosphate and
carbonate in the correct stoichiometry for said carbonate
containing calcium phosphate mineral, wherein said carbonate 1is

present in said mineral in an amount up to 10 wt. % and the
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amount of collagen present will result in a mineralized
collagen having from 30 to 80 wt. % of collagen; and collecting

the mineralized collagen.
FETHERSTONHAUGH & CO.
OTTAWA, CANADA
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