@ |

| ~ AD-A233 540

FINAL REPORT FOR

"A STUDY TO ASSESS THE EFFECTS OF THROMBIN ON BONE
REGENERATION"

Leslie J. Marden
Preston A. Mason
Jeffrey O. Hollinger

DTEC’

‘:\ NIAQ CEVREEIE é

‘,

NOTEBOOK SERIAL i#: 397 Qk - .

PROTOCOL #: 240

ANTIMAL PROTOCOL #:  D05-89

W 91 3 21 019




UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

Form Approved
REPORT DOCUMENTATION PAGE OMB No. 0704-0188
1a. REPORT SECURITY CLASSIFICATION b RESTRICTIVE MARKINGS
UNCLASSIFIED
23. SECURITY CLASSIFICATION AUTHORITY 3 DISTRIBUTION /AVAILABILITY OF REPORT Thls document
UNCLASSIFIED has been approved for public release, its
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE distribution is unlimited.
4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MQNITOR!NG ORGANIZATION
S Army Institute of Dental (If applicable) S Army Medical Research & Development
Research SGRD-UDR-S Command (HQDA-IS)
6¢c. ADDRESS (Cig, State, and ZIP Code) 7b. ADDRESS ((:'ity, State, and ZIP Code)
Walter Reed Army Medical Center Fort Detrick
Washington, DC 20307-5300 Frederick, MD 21702-5014
8a. NAME OF FUNDING /SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable)
8c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. NO. NO. ACCESSION NO.
0602787A 3M162787A82%5 ED 006
11. TITLE (Include Security Classification)
A Study To Assess The Effects Of Thrombin On Bone Regeneration.
12. PERSONAL AUTHOR(S)
Leslie J. Marden, Preston A. Mason, Jeffrey 0. Hollinger
13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) [15. PAGE COUNT
Final: FrROMSep 89 10 Dec90 91/01/15 13
16. SUPPLEMENTARY NOTATION
17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GRoup SUB-GROUP Thrombin,Bone resorption, hemostatic agent, demineralized
Q6 04 long bone, demineralized calvarial bone matrix

19. ABSTRACT (Continue on reverse if necessary and identify by block number)

Thrombin is occasionally used as a hemostatic agent during bone surgery in humans and
animals. Recent evidence from studies in vitro has indicated that thrombin stimulates bone
resorption. The effect of 100 units thrombin on bone wound healing and bone resorption in
rats was tested in untreated 8-mm circular craniotomy defeets treated with 25 mg demineralized
rat long bone matrix or 25 mg demineralized calvarial bone matrix. Twentyeight days after
treatment, defects were recovered and radiographed. As an indicator of bone, radiopacity
within the defect area was quantified using computarized 1image analysis. In the absence of
thrombin, bone resorption occurrﬁd in untreated defects(5.3%5.1 mm )and defects treated with
calvarial bone matrix(6.8%5.1 mm”); the use of thrombin had no additional effect on resorptior
in these groups. Long bone matrix prevented bone resorption and significantly stimulated
bone formation by 77%, compared with untreated controls, and by 737, compared with defects
treated with calvarial bone matrix. Addition of thrombin to long bone matrix diminished the
inductive response by 147, though the amountof bone formed in the presence of thrombin

20. DISTRIBUTION/ AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
X uncLASSIFIED/UNLIMITED  [J SAME AS RPT [ boTiIc USERS Unclassified

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) | 22¢c. OFFICE SYMBOL
Jean A. Setterstrom 202-576-3484 SCRD-UDR

DD Form 1473, JUN 86 Previous editions are obsolete SECURITY CLASSIFICATION OF THIS PAGE

UNCLASSIFIED




19. ABSTRACT (CONTINUED)

was still significantly greater than in untreated control defects. However, thrombin negated
the protective effect of long bone matrix on bone resorption. These data indicate that use
of thrombin as a hemostatic agent in bone surgery may be counterproductive to bone healing.




ABSTRACT

Thrombin is occasionally used as a hemostatic agent during bone surgery in
humans and animals. Recent evidence from studies in vitro has indicated that
thrombin stimulates bone resorption. The effect of 100 units thrombin on bone wound
healing and bone resorption in rats was tested in untreated 8-mm circular craniotomy
defects and defects treated with 25 mg demineralized rat long bone matrix or 25 mg
d~mineralized calvarial bone matrix. ‘I'wentyeight days after treatment, defects were
recovered and radiographed. As an indicator of bone, radiopacity within the defect
area was quantified using computerized image analysis. In the absence of thrombin,
bone resorption occurred in untreated defects (5.3 + 5.1 mm2) and defects treated with
calvarial bone matrix (6.8 £ 5.1 mm2); the use of thrombin had no additional effect on
resorption in these groups. Long bone matrix prevented bone resorption and
significantly stimulated bone formation by 77 %, compared with untreated controls,
and by 73%, compared with defects treated with calvarial bone matrix. Addition of
thrombin to long bone matrix diminished the inductive response by 14%, though the
amount of bone formed in the presence of thrombin was still significantly greater than
in untreated control defects. However, thrombin negated the protective effect of long
bone matrix on bone resorption. These data indicate that use of thrombin as a

hemostatic agent in bone surgery may be counterproductive to bone healing.
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INTRODUCTION

Suspicion that thrombin may be a bone-resorptive agent arose in 1983 when
Gustafson and Lerner (Gustafson and Lerner 1983) searched for an
"osteoclast-activating factor” as the causitive agent tor bone resorption seen in
patients suffering from chronic inflammation. Thrombin (0.1 - 7 units/ml)
caused mobilization of calcium and [3H]-proline from cultured neonatal mouse
calvariae. Since the effect was reduced in the presence of indomethacin, an
inhibitor of prostaglandin (PG) synthesis, the authors suggested the effect of
thrombin was mediaied through stimulation of synthesis of PGs, potent
stimulators of bone resporption (Yamaguchi et al. 1988). They later showed that
thrombin stimulated bone resorption even in the presence of inhibitors of PG
synthesis, indicating two pathways, one PG-dependent and the other
PG-independent (Lerner and Gustafson 1988). These investigators also observed
that the resorptive effect of thrombin was lower in fetal rat long bones than in
mouse calvariae.

Thrombin is occasionally used in bone surgery in humans and in animals
as a hemostatic agent (Tidrick et al. 1943, Codben et al.1976, Harris et al. 1978).
It is a major component of fibrin sealant, produced and used in Europe.
Investigators have found no deleterious effect on bone healing when the sealant
was used either alone (Schlag and Redi 1988) or in combination with
demineralized bone matrix or bone matrix gelatin (Schwartz et al. 1989).

This study was designed to show whether application of a thrombin
solution to untreated rat criticai-size craniotomy defects or defects treated with

DBM from calvariae or long bone would inhibit bone regeneration.




MATERIALS AND METHODS

Calvariae and long bones were obtained from 8-week-old male Long-Evans
rats. Marrow was washed from bones with sterile water. Bones were defatted
with ethanol and ether and ground in a Wiley mill. Bone powder, 72 to 420 u
particle size, was demineralized with 0.5 N HCl, washed with deionized water,
dehydrated with absolute ethanol, ether, and dried.

Five thousand units of sterile, freeze-dried thrombin (Thrombostat,
Parke-Davis, White Plains, NJ) was dissolved in 5.0 ml isotonic saline
containing 5 mg calcium chloride, 8 mg sodium chloride, and 39 mg glycine
(vehicle solution), to make a solution containing 1000 units/ml.

Four-week-old Long Evans rats, males and females, were randomly divided
into six groups of 18 rats. Animals were anaesthetized by intramuscular
injection of a solution containing ketamine (Vetalar), 62.5 mg/ml, and xylazine
(Rompum), 6.25 mg/ml, in physiological saline. A midline incision was made
from the external occipital protuberance to the nasal bones. The periosteum
overlying the frontal, parietal, and occipital bones was scraped away with a
scalpel. An 8-mm trephine circular midsagittal defect was made.

The defects were treated as follows:

Group 1: 0.1 ml vehicle solution

Group 2: 0.1 ml thrombin solution

Goup 3: 25 mg Calvarial DBM, 0.1 ml vehicle solution

Group 4: 25 mg Calvarial DBM, 0.1 ml thrombin soution

Group 5: 25 mg Long bone DBM, 0.1 mi vehicle solution

Group 6: 25 mg Long bone DBM, 0.1 ml thrombin solution
DBM was packed loosely into the defect. Vehicle or thrombin solution was
applied directly to the exposed defect in groups 1 and 2, or onto the surface of the
DBM in groups 3 though 6. Wounds were closed with surgical staples.




Defect sites were harvested from animals euthanized by carbon dioxide
asphyxiation 28 days after treatment. An anterior-posterior skin incision
exposed the surgical site and surrounding bone. The frontal-occipitai-parietal
complex was removed and placed immediately into 70% ethanol. When
retrieval of the entire defect was not obtained, the speciman was discarded.

Explants were x-rayed (Minishot, TFI Corporation, New Haven, CT) at 3
milliamperes for 10 seconds at 15 kilovolts. Radiopacity inside an 8-mm circle
overlaying the original defect was quantified by computerized image analysis
(Quantimet 520, Cambridge Instruments, Chicago, IL). Resorption at the edges
of the defect was estimated by measuring the area of radiotransparency between
the host bone and the area contained by the 8-mm circle.

Data were analyzed using a 2 X 3 factorial analysis of variance design
(Abacus Concepts 1987)). Significance was established at p < 0.05. Differences
between treatment means were determined using Fisher's protected least

significance differenc (PLSD) test.

RESULTS

Means of each treatment group are graphed in Figures 1A and 1B.
Analysis of variance of radiopacity, Table 1, indicated that thrombin had no
significant effect on the radiopacity of healing defects, indicating no effect on
bone formation. Treatment of defects with DBM, however, affected radiopacity
significantly; treatment with long bone DBM resulted in a significantly greater
area of radiopacity within the defects than no treatment or treatment with

calvarial DBM.




Table 1. Radiopacity
Anova table for a 2-factor analysis of variance of radiopacity using a
2 X 3 factorial design.

Source: df Sum of Squares Mean Square F-test P value
Thrombin 1 46.93 46.93 1.276 .2618
DBM 2 772.49 386.24 10.50 .Coo1~*
Interaction 2 56.45 28.23 0.77 .4674
Error 79 3052.14 36.77

* Indicates a statistically significant effect.

DBM also had a significant effect on resorption whereas thrombin had no
significant effect (Table 2). However, the ANOVA indicates a significant
interaction between DBM and thrombin; there was a significant difference
between resorption resulting from treatment with long bone DBM alone and that
with long bone plus thrombin. The fact that this effect was not seen in the
untreated group or the group treated with calvarial DBM, suggests a
antagonistic effect between long bone DBM and thrombin.

Table 2. Resorption
Anova table for a 2-factor analysis of variance on resorption using a

2 X 3 factorial design.
Source: df Sum of Sguares Mean Square F~-test P value
Thrombin 1 39.81 39.81 2.092 0.1521
DEM 2 150.02 75.01 3.94 0.0234*
Interaction 2 132.81 66.40 3.49 0.0353*
Error 79 1503.4° 19.03

* Indicates a statistically significant effect.




In order to get a better idea of the total effect of thrombin or DBM on the calvarial
defects, we subtracted the area of resorption outside the original defect area

from the area of radiopacity within the 8-mm circle. Analysis of variance
indicated only a significant effect by treatment with DBM. There was no
interaction between the treatment with DBM and the thrombin. Means of each
treatment group are graphed in Figure 1C. Analysis of differences between
treatment means showed that long bone DBM elicited a significantly greater

total effect than the other two treatments. Thrombin significantly attenuated
this effect, but did not completely abolish it.

Table 3. Total positive effect.
Anova table for a 2-factor analysis of variance on total positive effect usinga 2 X 3
factorial design.

Source: df Sum of Squares Mean Square F-test P value
Thrombin 1 224.54 224.54 2.477 .1195
DBM 2 1652.85 826.42 9.117 .0003*
Interaction 2 328.86 164.43 1.814 .1697
Error 79 7161.37 90.65

* Indicates a statistically significant effect.
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Figure 1. Effects of thrombin and DBM on healing of 8-mm critical-size rat
craniotomy defect: areas of radiopacity (A), resorption (B), and combined total
positive effect (C). a, b, ¢, d indicate differences between these pairs of treatment
means at p<0.05.




DISCUSSION

The use of hemostatic agents in orthopedic surgery has obvious benefits.
However, indiscriminate use of such agents, without considering potential
harmful side effects, may be counterproductive. Use of thrombin in orthopedic
surgery would be contraindicated if thrombin, a potential bone resorptive agent,
were inhibitory to bone healing.

The study reported here indicates that in its intended usage, exogenous
thrombin did not effect bone repair in critical-size calvarial defects in general,
and it did not stimulate bone resorption. There was marked resorption of the
defect margins in untreated defects and defects treated with calvarial DBM,;
thrombin had no additional effect on this resorption. Treatment with long bone
DBM resulted in a decrease of bone resorption around the defect edges. This
was probably secondary to the bone inductive activity of the DBM. However,
thrombin obliterated the anti-resorptive effect of long bone DBM. The effect of
thrombin in this instance is puzzling. If thrombin were directly inhibiting bone
regeneration, or stimulating bone resorption, one would expect the effect to be
general. However, the effect of thrombin was limited to the defect margins.

This implies that thrombin induces a secondary effect mediated through cells
which arise from the defect margins.

Long bone DBM was the only treatment which significantly stimulated bone
regeneration inside the area of the 8-mm defect. Long bone DBM induces bone
regeneration by transforming pluripotential mesenchymal cells into bone
forming osteoblasts (Reddi et al. 1977) . These cells arise from the marrow space
of injured bone and from the periosteum and endosteum (Richany et al. 1964).
Regeneration of bone is often preceeded by a temporary phase of resorption. It is
presumed that this initial resorption is required to liberate bone inducing factors
such as osteogenin (Sampath et al. 1987) and bone morphogenetic protein (Urist




et al. 1983), and growth factors, such as basic fibroblastic growth factor
iHauschka et al. 1986, Rogelj et al. 1989) and transforming growth factor
(Carrington et al. 1988) from extracellular matrix. These factors could act upon
mesenchymal cells, converting them to osteocompetent cells needed for
osteogenesis. The fact that untreated calvarial defects and defects treated with
calvarial DBM had limited bone regenerative effects probably stems from the fact
that mature calvanal bone lacks sufficient reserves of osteoinductive factors
(Reddi 1975a, Reddi 1975b, Prolo et al. 1984).

Long bone, on the other hand is the best source for inductive and growth
factors (Reddi 1975a, Reddi 1975b). It has the ability to transform preosteoblasts
arising from the marrow space and the periosteum of the dura. It is conceivable
that thrombin inhibited transformation of mesenchymal cells arising from the
marrow space to osteogenic cells. The simplest mechanism for the inhibition of
transformation is the physical barrier created by the action of thrombin on
blood-bourne fibrinogen in the first step of the clotting cascade. The resulting
clot could prevent migr:.ion of pluripotential cells from the marrow space into
the defect area where they could be acted upon by inductive proteins present in
DBM. However, the clot is not permanent and its eventual dissolution would
remove this physical barrier. Providing the clot were dissolved within 5 days,
the approximate halflife of the bone inductive capacity of DBM (Landesman and
Reddi 1989), a normal progression of cells into the defect area could still occur,
given the chemoattractive nature of DBM (Lendesman, 1986).

If thrombin were inhibiting progression or transformation of preosteoblasts
from host marrow, whv not from periosteum? The simplest explanation stems
from the applicaticn of thrombin. Thrombin was applied to defects after
application of long bone DBM. The DBM probably shielded the dura, causing
thrombin to accumulate in the space between DBM and host bone. Further

experiments using detailed histological examination would be required to




elucidate the mechanism of thrombin.

The evidence presented by previous investigators concerning the possible
mechanism of thrombin's actions is not consistent with the data presented here.
We saw no increased rate of resorption following treatment with thrombin, only
an inhibition of bone regeneration. The disparity of effects of thrombin on bone
seen in cases of chronic inflammation or in tissue culture and those reported
here or with the use of fibrin sealant could indicate the difference between
chronic and acute activity. Lerner and Gustafson reported a lag period of 12 to
24 hours of continuous treatment before the bone-resorptive effect of thrombin in
vitrv was detectable (Lerner and Gustafson 1988). It is doubtful that thrombin in
vivo would remain active this long; in vitro, thrombin has a short half-life and
probably loses its activity within three hours (Physicians' Desk Reference, 1990).
We used a dose of thrombin 10 times that recommended for general surgery.
Perhaps a greater effect would have been seen after treatment of CSDs with solid
thrombin.

The amount of radiopaque material formed in response to long bone DBM was
suboptimal compared with that seen in previous experiments. Frequently,

CSDs treated with 25 mg of long bone DBM heal completely within 28 days (Mark
et al. 1990). Unfortunately, the biocactivity of the DBM used in this experiment
was not assessed in heterotopic sites prior to use in the experiment. The limited
bone induction in response to treatment with calvarial DBM was less

surprising. Calvarial bone normally has little bone-inducing capacity

compared with long bone from the same animal (Reddi 1975a, Reddi 1975b). In
order to validate the results of this experiment it would be prudent to test the
effects of thrombin on a more active preparation of DBM, and use

histomorphometry to quantitate bone formation.




REFERENCES
Abacus Concepts, L. (1987). StatView II.

Carrington, JL, AB Roberts, KC Flanders, N Roche and AH Reddi. (1988).
Accumulation, localization, and compartmentation of transforming growth
factor B during endochondral bone development.d Cell Biol. 107: 1969.

Codben RH Thrasher EL and Harris WH (1976) Topical hemostatic agents to
reduce blee 'ng from cancellous bone. J Bone Joint Surg. 58A: 70.

Gustafson, G and U Lerner. (1983). Thrombin, a stimulator of bone resorption.
Biosci Rep. 3: 255.

Harris, WH, Crothers OD, Bernard J, Moyan L, and Bourne RD (1978) Topical
hemostatic agents for bone bleeding in humans. J Bone Joint Surg. 60A: 454.

Hauschka, PV, AE Mavrakos, MD Iafrati, SE Doleman and M Klagsbrun.
(1986). Growth factors in bone matrix. Isolation of multiple types by affinity
chromatography on heparin sepharose. J Biol Chem. 261: 12665.

Landesman, R and AH Reddi. (1986). Chemotaxis of muscle-derived
mesenchymal cells to bone-inductive proteins of rat. Calcif Tissue Int. 39: 259.

Landesman, R and AH Reddi. (1989). In vivo analysis of the half-life of the
osteoinductive potential of demineralized bone matrix using diffusion chambers.
Calcif Tissue Int. 45: 348.

Lerner, UH and GT Gustafson. (1988). Blood coagulation and bone metabolism:
some characteristics of the bone resorptive effect of thrombin in mouse calvarial
bones in vitro. Biochim et Biophys Acta. 964: 309.

Mark DE, JO Hollinger, C Hastings, S Ma, G Chen, LJ Marden, and AH Reddi.
(1990) Repair of calvarial nonunions by osteogenin, a bone-inductive protein.
Plast Reconstr Surg. 86: in press.

Prolo, DJ, RV Gutierrez, JS De Vine and SA Oklund. (1984). Clinical utility of
allogeneic skull discs in human craniotomy. Neurosurgery. 14: 183.

Reddi, AH, R Gay, S Gay and EJ Miller. (1977). Transitions in collagen types
during matrix-induced cartilage, bone, and bone marrow formation. Proc Natl
Acad Sci USA. 74: 5589.

Reddi, AH. (1975a). Collagenous bone matrix and gene expression in fibroblasts.
i ion. New York, San Francisco,
London, Academic Press.

Reddi, AT1. (1975b). The matrix of rat calvarium as transformant of fibroblasts
(39028). Proc Soc Exp Biol Med. 150: 324.

Richany, SF, TH Bast and H Sprinz. (1964). The repair of bone and fate of
autogenous bone grafts in the skull. Acta Neurochir. XI: 62.

Rogelj, S, M Klagsbrun, R Atzmon, M Kurokawa, A Haimovitz, Z Fuks and I
Vlodavsky. (1989). Basic fibroblast growth factor is an extracellular matrix
component required for sulggortinﬁ the proliferation of vascular endothelial cells
and the differentiation of PC12 cells. J Cell Biol. 109: 823.




Sampath, TK, N Muthukumaran and AH Reddi. (1987). Isolation of osteogenin,
an extracellular matrix-associated bone-inductive protein, by heparin affinity
chromatography. Proc Natl Acad Sci U S A. 84: 7109.

g;glg%,g G and H Redi. (1988). Fibrin sealant in orthopedic surgery. Clin Orthop.

Schwartz, N, H Redi, G Schlag, A Schiesser, F Lintner, HP Dinges and M
Thurnjer. (1989). The influence of fibrin sealant on demineralized bone
matrix-dependent osteoinduction. Clin Orthop. 238: 282-287.

Tidrick TR, Seegers WH, Warner ED (1943) Clinical experience with thrombin
as a hemostatic agent. Surgery 14: 191.

Urist, MR, RJ DeLange and GAM Finerman. (1983). Bone cell differentiation
and growth factors. Science. 220: 680.

Yamaguchi, D T, TJ Hahn, TG Beeker, CR Kleeman and S Muallem. (1988).
Relationship of cAMP and calcium messenger systems in
prostaglandin-stimulated UMR-106 cells. J Biol Chem. 263: 10745.




