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Summary. Implanted bovine zpatite is highly osteocon-
cuctive, si t servas the host tissue as 2 “guide-line”
for the deposition of newly (‘r\"slupnng bone tissue. It ia
well tolerated, but it showed ne s signs of bemg resorbed
during the course of the expe: ri'nm Previcus impregna-
Hon uf the bovire hydroxyapatite with a low molecular
humate substance obviously encourages its resorption.
This is most easily explained by the knmown ability of
Kumate to induce the activation of le 'Jr'crytec The occa-
sional over-resorption of the .;m*.'re is dependent (1)
upont the preparation of the implant {granalate) and 2)
the local concentration of the humate. Fuinre research is
being directed towards the production of a satisfactorily
usable form of humate and apatite and the investigation
of its HIV blocking action on heterologous cancellous
bone.
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apparatus, and it is prm ipally r“rlp]q ed o reconstitute
actual defects in bone (s (see e {4, 5] for literat .rr*) Tt is pos-
‘Lm’ o repair such defects with ¢ rensplants of vm:?’lous

bone f*rm the patient or by wsing hemologons grafts or,
more recently, hetemlogous spongy bone from animals.
Au.r-?:logmls transplants [1, 9] bave the advantage that
they initiate and promote the development of new hone,
thiis being “osteoinductive”. They have, however, the
obvious disadvantege that only a limited amonat of tis-
suc is available. Fur tht)mﬁ.om, they require & second op-
erct ot J, and thersfore profong the time that the patisnt
0 be kept oa the table. Homologous tr.anz,pmnt‘;
from ) l‘ou‘ D?n'f [0, 21} are searcely ava ailable any longer
m everyday clinical p.‘act,ucc:, becawse of the danger of
tran L.mlttmu the human immunodeficiency virus (HIV)
and hepatltls, and because both the donor and recipient
must sign a statement that they recognise the harzards.
he donor has to undergo an additional test for HIV [5],
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aad it is also tn nc that a reliable virostatic against HIV
can only be wsed at the “nsf of accepting its toxic action
on the host tssues [10, 14]. The scle heter (J]Ubul.-\ bore
substitutes at present aval Jal“r‘ for clinical use in 131ge
quantities arc the inorgaric calcium compounds, i the
form of hydroxyapatite or calcinm tr,n‘msp}r (:,? 71
for literatire). Both of these indnce the hvm" down of
new bone, in that they act e3 “guide Jines” f’vr the de-
velopment of the hod, s owa bone tissue. T‘n?y are both
esteoconductive, but differ in regard to their resorbabil-
ity and stability, calcium triphosphate betng more guick-
lv wsorbed bt fess able to bear pressure, w while Lyydroxy-

apatite is resorbed only to a slight degree, if at all, but is
better able to withstand pressure [11, 12].

While on the lockout for a naw group of active agents
with the upa"lty to promoie wound hesling, we came
across the humic sebstances, They are found n::*uraﬂy in

:-:u, but they can be synthes fsed by the oxidation and
polymerisstion of the higher phenols. They are sm]ilar in
Structure to melanin [19, 23].

Previons experiments have established that the humic
substances are able to bind to calciumi-containing com-
peunds, stimuiate granulceytes to a pm’mﬂ'm"nwv‘ry
reaction [13] and block the infectivity of the HIV virus in
vitre 181, In the present work we therefore decided to
investigate whether coating & bovine hydroxyapatite im-
plant nth tow-molecidar huniic substanse could in-
duce its resor?tacm — passibly by stimulating the leuco-
cytes - without adversely affcctmg is osteoconductive
properties.

Materials and methods

Hiirmaze-.
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it lyydrowyapatits
rland) vizre agitatzd with
syrthetic low-niolecular humate fer 241 at mom fem-
perature. A furiher 1000 myg boving apatitz: were a».latet under
identicat ecnditions with a humate {F15-1500, 0.1%; Weyl Chemi-
cals, Mannheim) for 120h at pH 6.1.
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Tz both cases the mixed bone apatite-humate reaction products

wiore washed al times in & suction filter, first with water and
then with mathanol. In both cases a brown reaction product was
= colour of which it was clear that the humate had
=d to bore apatite. The infrared specitum of the remaining
solid bodics {possihbly the reaction product) was examined. The re-
sidee was then disselved n 0.1% nitric acid and the ultraviolet
spectrum of the solution examined. Finally, the ash residue of the
reaction product was analysed.

Animal experiments

Six crossbred rabbits were used. The implant material consistad of
bovine hydroxyapatite {Bio-Oss), either in the form of particles or
a block of cancelious bone. This hovine apatite material was im-
planted into the dista! end of the femur 2nd the head of the tiblain
5.mm diill-heles. Three rabbits received the untreated apatite
(Bio-Cs5), ir the other three the same substance was coated with a
humate, in this case the synthetic losv-moleenlar humate [19). The
postoperative radiograph showed that the drill-hole was complete-
Iy fillad with the apatite. Histologival cxamination of the tissue in
the controls 4 wecks and 6 months after the operation confirmed
that the artificial bone defect was sufficiently large to have pre-
vented spontaneous bridging-over with bone taking place. The
valne of such drill-hele defects in 12bbits has already been verified
by Schenk and Willenegger [16] and Katthagen [6]. At the end of
the 6 months, the tissue was stained by the McMeal tetrachrome
biock technique and embedded in mecthacrylate, using Schenk’s
method [15]. The undecalcified material was cut with a microsaw
tc prepare polished sections for light mircoscopy. Finally, the
coated and uncoated apatite specimens used were critically point-
dried and spattered with gold, before being examined in a Jeol
Ism-35 CF scanning electron microscope.

Results

The infrared spectrum of the humate-apatite reaction
produet did not differ significantly from that of the un-
treated material. Only at a wave-length of 1600cm ™ is it
gible to obgserve widening of the bands in comparison
with the control, which is probably due to the broad
bands of the humic substance itself (Fig. 1}. The humate-
apatite reaction product was dissolved in 0.1 nitric acid
and the ultraviolet spectrum of the brown-coloured solu-

l' CaHA

CaHA-HS

HS

1600 ey

Fig. 1. Tofrared spectra of the synthetic humate used (HS), the
uncoeted bovine calcium apatite (CaHA) and the reaction product
eddsipoataranddpevine caloivm apatite (CledlspekdSiran wavelength
of 1600 am™ ,

1S 1500-210033
4+ 0.1 NaOH

| 1
200 250 200 rm
Fig. 2. Ultraviolet specira of the synthetic humate used /HS 1500)
and the reaction product of hemetoramdnbmine calcium apatite
(H 51520 BEN3eShakauwisrelength of 200-300nm

cium apetite (Bio-Oss

structure; b lamellation of the hoae mineral. (Magnification:
a % 1500; b x 2500)

tion examined (Fig. 2). This revealed that 2 hureic sub-
stance was in fact held by the inorgenic matrix, and that
this showed =ignificant changes in corrparison with origi-
aal humic substance. The maxivaum at 262 nim was ab-
sent, and a peak was only to be found at 255 nm. Analysis
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Tidesaicified mictos:

cion, lMc.gniﬁ:ati.on P ]50)

of the ash could be supposed to provide a clue to the
quantity of himic substance held in the matrix.

This zma‘ym. revealad an ash content for untreated
bovine apatite of 94.2% , and therefcre a volatile compo-
nent of ﬁ/.;, wheareas thc: 0]
coafained only 0.29% ash. This would mean that the
content of the bovine apatite included 4% of fixed humic
substances.

Scemning electron microscopic znalysis of the bovine
apatite revealed a cancellous structure with lamellar
stratificaticn at the edges of the specimens (Fig.3).
Higher magnificatior made it possibie to distinguish the
paraile! apatite crystals Si.iII’l“ll“*ldiIlg the empty osteocyte
lacunae. Coating with humic substance had no altered
>ither the form or the orientation of the apatite crystals
(Fig. 4).

In the neighbourhcoed of the former drill-hole, the de-
vitalised apatite implant showed histological evidencs of
being surrounded by new lamellar bone tissue (Fig. 5).

mate reaction product still

2 uncoated c-PE’ site is partly coverad by glant ostecclasts,
s tiles (arrow). Undecalkeified microsaw section. (Mag-
1 X 150)
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Fig. 8. QOsteoclastic resorption lacunse (arrows) appsteakiashik sur-

facenpSithon lakinlericoned in
eaten away, producing 8 crumplied sppesrance.
microsaw secsion. (Magnification: x 150)

nt; the apatite material bas been
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Fig. 0.9V amerous histiocyies (arrow), loaded with a brownish break-
devwn product apparently containing humate, are gbhitnsektediar
the humate-coated | iplant. Undecalcified microsaw szction. (Mag-
nification: 150 x)

1t was very noticeable that the osteoclastic resorption

lacunae could be found only rear the new bone, and not
or. the swrface of the iraplanted devitalised bone apatite.
The few but large astecclasts wore spread ouf on the
apatite-like tiles, but without any signs nf reserption
lacunae (Fig. &), A few histiocytes, sorne of which had
stored 2 fine grsnular material, were seen between the
newly formed bone trabeculae and the implanted apa-
tite.

The humate-coated apatits implant was alse sarrounded
ky newly fonmed bone tissee {Fig. 7), but hate osteoclastic
resorption lacunae appeared at the sarface of the implant
also. Tn Places the tmplant could be seen to have been

orphologically reduced, or resorbed, so that here and
there the apatite imphn bad the creased appearance of
dssue paper (Fig. 8). This fits in with the rich assernblage
hetween the bome frabeculae of Listiocytes which had
phagocytosed a brownish granular material with the typi-
cal appearance of humate (Fig.9).

Both under the light and the scarming electron mlc*‘ﬂ'“cope,
the vatroated bovmr‘ apatiie r:-ve'm‘f‘ t¢ characteristics of
devitalized lamellzr bone tssue in the region of the former
drill-bole. It was surronnded by new'y ﬁﬁ"‘nm. fibrous bone,

which kad obvicusly been transforned into lamellar bone
tissue = few woeks afrf'" implantation by somewhiat vigoronus
osteoclastic activity. This is remarkable in that all protein
had been thuroua.,hly Femoved from the apatite implaut,
which r:l_‘:mar'.nc:d practically no organic raaterial. Ii was

therefore r capable of initiaiing the morphogene-
¢is which is ? oo uldf*rrc‘ 0 he peces
new hone [‘” No infiltrate of lym ies of granulocytes
warth mentioning could be datected in the former drill-
holes of the untreated cortrol amni %0 it may be as-
surmed that the implanied bovine ’i“]:ﬂ]-(’ triggered off no
foreign body reaction and was therefore well tolerated by
the host fistwe, Furthermore, our investigation showed that
the bovine apatite was 1argely covered by the newly formed

(11

sary for tha & or‘ndt.on of

bone tissue, 20 had therefore exercised on osteaccixduc-
tive acticn upon the reparative host tissue [17]. There was
hardly any resorption during the time of the experiment,
and the fna*rer' 1was at the mos subiccted to physictogical

remcdeling. This again suggests 9000‘ folcrahon by the
host tissue [ r). Furthermors, the osteoclasts had areded

1o resorption hr.unaf- in the surface of the implanted apa-
tite particles.

I one exumines those former drill-holes whicli had
been filled with humate-impregnated apatits, enclosure of
the "m_pl?nt by riewly formed fibrous bone is already tn be

seen at 4 weeks, indicating that no ostenccnductive 2 tion
had been lost as a result of interaction with the humate
2asic new bore formation had not increased in compari-
son with the contrals, so thers is 1o reason to belicve that
there had been any humate-induced chemotactic andfor
mitogenouas action on the osteobiasts, which confirras stmi-
lar investigations on human neutreph?] graralceytes [13],
endathelial cells and fibroblasts (A. Xader, unpublished ob-
servations).

These experiments make it clear that isplants of hu-
mate-impregnated bydi oxyepatite develop a moth-caten
appearance, dve to the vigorons action of I[’-’)C‘:’ﬂ"iha’-’ew. It
is therefore not su-p*z;rng to find numerous ('wsl“r re-
sorption lacusae between the apatite 1Tpldnt and the sur-
rounding newly foimed bone tissiie — a sign of increasingly
active remadelling and resalting in the crumpled tissue
paper appearance of the uf?‘h e implant. The breakdown
of the .Jpa ite s particularty associated with the mplanta-
fign of wm('(*? lous granules, 2o that the basis for astzocon-
duactivity is to some extent rednced. The mvn:h*r i

.
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':E*sm*ptim nf devitalised bome apatite may pow ;ly be
Tplained by the fact that low malecular hurdc uhstame

tav the abilify fo stimwuiate partial functioning of the leuco-
cytes, m....;:ud_m,p the macrophages, which obviously pro-
motes the healing of skin wounds [19].

In a co-culture of keratinorcytes and granulocytes, the
o paclecular hirmiic stubstances have the capacity - rather
like the tumour necrosis factor (TMF-a) — to inftiste the
x !r'rn of keratinocytes by stimulating lencocytes through
th ir receptors [22] TNF-ois a polypepetids pmduced by

.va*.sdnarrm:ha%.. and i it: ,eif a powerﬁh ara docyre
qcm’w o, Ap'lzt from that, it i= also known thut TNF-o.
prometes osteoclastic resorption ana’ the replication of os-
teoblasts 2. It is therefore conceivable that the humic
'l,b“.frnrrs, on account of their great capacity to bind to

huq,f;m.orr. bonding agents, also interact withi cell recep-
tors to liberate certain collular factors which mey, smongst
0;‘1 T tmm 75, °5Tre.,s th mselves in the acceleration of
bomne remodeling. The fact that the low-molecular humate
can apparcntly r\,tam its ostecresarptive influence for a
long trr o after implantation is very p““b'-z‘ﬂ-r because the
Iumic substances hind to calcinm apatite, a5 may be proved
by physical and chemical means, without themselves losing
their capacity to stimulate leucocytes.
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