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Influence of humate on calcium hydroxyapatite implants 
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Summary. Implanted bovine apatite is highly osteocon- 
ductive, since it serves the host tissue as a "guide-line" 
for the deposition of newly developing bone tissue. It is 
well tolerated, but it showed no signs of being resorbed 
during the course of the experiment. Previous impregna- 
tion of the bovine hydroxyapatite with a low molecular 
humate substance obviously encourages its resorption. 
This is most easily explained by the known ability of 
humate to induce the activation of leucocytes. The occa- 
sional over-resorption of the apatite is dependent (1) 
upon the preparation of the implant (granulate) and (2) 
the local concentration of the humate. Future 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. 

The transplantation of bone tissue is indicated in about 
15% of all cases of replacement surgery of the locomotor 
apparatus, and it is principally employed to reconstitute 
actual defects in bone (see [4, 5] for literature). It is pos- 
sible to repair such defects with transplants of cancellous 
bone from the patient or by using homologous grafts or, 
more recently, heterologous spongy bone from animals. 
Autologous transplants [1, 9] have the advantage that 
they initiate and promote the development of new bone, 
thus being "osteoinductive". They have, however, the 
obvious disadvantage that only a limited amount of tis~ 
sue is available. Furthermore, they require a second op- 
eration, and therefore prolong the time that the patient 
has to be kept on the table. Homologous transplants 
from a bone bank [8, 21] are scarcely available any longer 
in everyday clinical practice, because of the danger of 
transmitting the human immunodeficiency virus (HIV) 
and hepatitis, and because both the donor and recipient 
must sign a statement that they recognise the harzards. 
The donor has to undergo an additional test for HIV [5], 

Correspondence to: Dr. W. Schlickewei, Abteilung for Unfallchi- 
rurgie, Hugstetterstrasse 55, D-79106 Freiburg, Germany 

and it is also true that a reliable virostatic against HIV 
can only be used at the cost of accepting its toxic action 
on the host tissues [10, 14]. The sole heterologous bone 
substitutes at present available for clinical use in large 
quantities are the inorganic calcium compounds, in the 
form of hydroxyapatite or calcium triphosphate (see [7] 
for literature). Both of these induce the laying down of 
new bone, in that they act as "guide-lines" for the de- 
velopment of the body's own bone tissue. They are both 
osteoconductive, but differ in regard to their resorbabil- 
ity and stability, calcium triphosphate being more quick- 
ly resorbed but less able to bear pressure, while hydroxy- 
apatite is resorbed only to a slight degree, if at all, but is 
better able to withstand pressure [11, 12]. 

While on the lookout for a new group of active agents 
with the capacity to promote wound healing, we came 
across the humic substances. They are found naturally in 
peat, but they can be synthesised by the oxidation and 
polymerisation of the higher phenols. They are similar in 
structure to melanin [19, 23]. 

Previous experiments have established that the humic 
substances are able to bind to calcium-containing com- 
pounds, stimulate granulocytes to a proinflammatory 
reaction [13] and block the infectivity of the HIV virus in 
vitro [18[. In the present work we therefore decided to 
investigate whether coating a bovine hydroxyapatite im- 
plant with a low-molecular humic substance could in- 
duce its resorption - possibly by stimulating the leuco- 
cytes - without adversely affecting is osteoconductive 
properties. 

Materials and methods 

Humate-apatite interaction 

One thousand milligrams of bovine calcium hydroxyapatite (CallA, 
Bio-Oss, Geistlich, Wolhusen, Switzerland) were agitated with 
10 ml of a synthetic low-molecular humate for 24 h at room tem- 
perature. A further 1000 mg bovine apatite were agitated under 
identical conditions with a humate (HS-1500, 0.1%; Weyl Chemi- 
cals, Mannheim) for 120 h at pH 6.1. 
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In both cases the mixed bone apatite-humate reaction products 
were washed several times in a suction filter, first with water and 
then with methanol. In both cases a brown reaction product was 
retained, from the colour of which it was clear that the humate had 
bonded to bone apatite. The infrared spectrum of the remaining 
solid bodies (possibly the reaction product) was examined. The re- 
sidue was then dissolved in 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 consisted of 
bovine hydroxyapatite (Bio-Oss), either in the form of particles or 
a block of cancellous bone. This bovine apatite material was im- 
planted into the distal end of the femur and the head of the tibia in 
5-mm drill-holes. Three rabbits received the untreated apatite 
(Bio-Oss), in the other three the same substance was coated with a 
humate, in this case the synthetic low-molecular humate [19]. The 
postoperative radiograph showed that the drill-hole was complete- 
ly filled with the apatite. Histological examination of the tissue in 
the controls 4 weeks 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 
value of such drill-hole defects in rabbits 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 McNeal tetrachrome 
block technique and embedded in methacrylate, using Schenk's 
method [15]. The undecalcified material was cut with a microsaw 
to 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. 
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Fig. 2. Ultraviolet spectra of the synthetic humate used (HS 1500) 
and the reaction product of humate and bovine calcium apatite 
(HS1500-BIOOSS) at a wavelength of 200-300 nm 

Results 

The  inf rared  spec t rum of the humate -apa t i t e  reac t ion  
p roduc t  did no t  differ significantly f rom that  of the un-  
t rea ted  mater ia l .  On ly  at a wave- length  of 1600 cm -1 is it 
possible to observe  widen ing  of the bands  in compar i son  
with the control ,  which is p robab ly  due to the b road  
bands  of the humic  subs tance  itself (Fig. 1). The  humate -  
apat i te  reac t ion  p roduc t  was dissolved in 0.1 nitr ic acid 
and  the ul t raviole t  spec t rum of the b rown-co lou red  solu- 
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Fig.1. Infrared spectra of the synthetic humate used (HS), the 
uncoated bovine calcium apatite (CallA) and the reaction product 
of humate and bovine calcium apatite (CaHA-HS) at a wavelength 
of 1600 cm -1 

Fig. 3a, b. Scanning electron micrograph of uncoated bovine cal- 
cium apatite (Bio-Oss): a clearly recognisable remaining cancellous 
structure; b lamellation of the bone mineral. (Magnification: 
a x 1500; b × 2500) 

t ion  examined  (Fig. 2). This  revealed  that  a humic  sub- 
stance was in fact held by the inorganic  matr ix ,  and  that  
this showed significant changes in  compar i son  with origi- 
nal  humic  substance.  The  m a x i m u m  at 262 n m  was ab- 
sent ,  and a peak  was only to be found  at 255 nm.  Analysis  
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Fig. 4. The apatite crystals are orientated parallel to one another 
after being coated with humic substance, as they are in the un- 
coated apatite. (Magnification: x 3500) 

Fig. 6. The uncoated apatite is partly covered by giant osteoclasts, 
laid out like tiles (arrow). UndecaMfied microsaw section. (Mag- 
nification: x 150) 

Fig. 5. In the control animals, the cancellous bovine apatite near 
the former drill-holes is surrounded by newly formed bone tissue. 
Undecalcified microsaw section. (Magnification × 150) 

Fig.7 The humate-coated apatite is also surrounded by newly 
formed bone tissue. Undecalcified microsaw section. (Magnifica- 
tion: x 150) 

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

This analysis revealed an ash content for untreated 
bovine apatite of 94.2%, and therefore a volatile compo- 
nent of 6%, whereas the humate  reaction product still 
contained only 90.2% ash. This would mean that the 
content of the bovine apatite included 4% of fixed humic 
substances. 

Scanning electron microscopic analysis of the bovine 
apatite revealed a cancellous structure with lamellar 
stratification at the edges o f  the specimens (Fig. 3). 
Higher  magnification made it possible to distinguish the 
parallel apati te crystals surrounding the empty  osteocyte 
lacunae. Coating with humic substance had no altered 
either the form or the orientation of the apatite crystals 
(Fig. 4). 

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

Fig. 8. Osteoclastic resorption lacunae (arrows) appear on the sur- 
face of the humate-coated implant; the apatite material has been 
eaten away, producing a crumpled appearance. Undecalcified 
microsaw section. (Magnification: x 150) 
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Fig. 9. Numerous histiocytes (arrow), loaded with a brownish break- 
down product apparently containing humate, are to be seen near 
the humate-coated implant. Undecalcified microsaw section. (Mag- 
nification: 150 ×) 

It was very noticeable that the osteoclastic resorption 
lacunae could be found only near the new bone, and not 
on the surface of the implanted devitalised bone apatite. 
The few but large osteoclasts were spread out on the 
apatite-like tiles, but without any signs of resorption 
lacunae (Fig. 6). A few histiocytes, some of which had 
stored a fine granular material, were seen between the 
newly formed bone trabeculae and the implanted apa- 
tite. 

The humate-coated apatite implant was also surrounded 
by newly formed bone tissue (Fig.7), but here osteoclastic 
resorption lacunae appeared at the surface of the implant 
also. In places the implant could be seen to have been 
morphologically reduced, or resorbed, so that here and 
there the apatite implant had the creased appearance of 
tissue paper (Fig. 8). This fits in with the rich assemblage 
between the bone trabeculae of histiocytes which had 
phagocytosed a brownish granular material with the typi- 
cal appearance of humate (Fig. 9). 

Discussion 

Both under the light and the scanning electron microscope, 
the untreated bovine apatite revealed the characteristics of 
devitalised lamellar bone tissue in the region of the former 
drill-hole. It was surrounded by newly formed fibrous bone, 
which had obviously been transformed into lamellar bone 
tissue a few weeks after implantation by somewhat vigorous 
osteoclastic activity. This is remarkable in that all protein 
had been thoroughly removed from the apatite implant, 
which contained practically no organic material. It was 
therefore no longer capable of initiating the morphogene- 
sis which is considered to be necessary for the formation of 
new bone [3]. No infiltrate of lymphocytes or granulocytes 
worth mentioning could be detected in the former drill- 
holes of the untreated control animals, so it may be as- 
sumed that the implanted bovine apatite triggered off no 
foreign body reaction and was therefore well tolerated by 
the host tissue. Furthermore, our investigation showed that 
the bovine apatite was largely covered by the newly formed 

bone tissue, and had therefore exercised on osteoconduc- 
tire action upon the reparative host tissue [17]. There was 
hardly any resorption during the time of the experiment, 
and the material was at the most subjected to physiological 
remodelling. This again suggests good toleration by the 
host tissue [20]. Furthermore, the osteoclasts had eroded 
no resorption lacunae in the surface of the implanted apa- 
tite particles. 

If one examines those former drill-holes which had 
been filled with humate-impregnated apatite, enclosure of 
the implant by newly formed fibrous bone is already to be 
seen at 4 weeks, indicating that no osteoconductive action 
had been lost as a result of interaction with the humate. 
Basic new bone formation had not increased in compari- 
son with the controls, so there is no reason to believe that 
there had been any humate-induced chemotactic and/or 
mitogenous action on the osteoblasts, which confirms simi- 
lar investigations on human neutrophil granulocytes [13], 
endothelial cells and fibroblasts (A. Kaden, unpublished ob- 
servations). 

These experiments make it clear that implants of hu- 
mate-impregnated hydroxyapatite develop a moth-eaten 
appearance, due to the vigorous action of macrophages. It 
is therefore not surprising to find numerous Howship's re- 
sorption lacunae between the apatite implant and the sur- 
rounding newly formed bone tissue - a sign of increasingly 
active remodelling and resulting in the crumpled tissue 
paper appearance of the apatite implant. The breakdown 
of the apatite is particularly associated with the implanta- 
tion of cancellous granules, so that the basis for osteocon- 
ductivity is to some extent reduced. The humate-induced 
resorption of devitalised bone apatite may possibly be 
explained by the fact that low molecular humic substance 
has the ability to stimulate partial functioning of the leuco- 
cytes, including the macrophages, which obviously pro- 
motes the healing of skin wounds [19]. 

In a co-culture of keratinocytes and granulocytes, the 
low molecular humic stubstances have the capacity - rather 
like the tumour necrosis factor (TNF-a) - to initiate the 
killing of keratinocytes by stimulating leucocytes through 
their receptors [22]. TNF-a is a polypepetide produced by 
activated macrophages, and is itself a powerful granulocyte 
activator. Apart from that, it is also known that TNF-a 
promotes osteoclastic resorption and the replication of os- 
teoblasts [2]. It is therefore conceivable that the humic 
substances, on account of their great capacity to bind to 
polyanionic bonding agents, also interact with cell recep- 
tors to liberate certain cellular factors which may, amongst 
other things, express themselves in the acceleration of 
bone remodelling. The fact that the low-molecular humate 
can apparently retain its osteoresorptive influence for a 
long time after implantation is very probably because the 
humic substances bind to calcium apatite, as may be proved 
by physical and chemical means, without themselves losing 
their capacity to stimulate leucocytes. 
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