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ical sections obtained from group 3. This was predom.
inantly woven bone with some cartilage (Grade 7) in
group 1 (Fig. 3A-C).

DISCUSSION

There are numerous cell-to-cell signaling peptides
called growth factors which have positive effecta on
fracture healing. The sources of growth factors include
the clot and the bone itself. These growth factors have
an important role for bone remodeling and fracture
healing [1, 2, 19, 20]. These factors have been identified
at the site of the fracture including the TGF-g, FGFS,
platelet-derived growth factor, IGF-I, and IGF-II [1, 2,
19]. During the past two decades, many studies have
focused acn TGF-$ and FGFS, nndlzwnamportedthnt
basic FGF is likely to play an impertant role in the initial
phaseofﬂwﬁnchne—lwahngprmbemmoﬁtsun-

pmpemsnndmlmuncnchwtyonthaosteo-
blastlmeagell—ﬂ This factor regulates the exp:

promotes fracturo healing by the stimulation of bone
remodeling [28). In a study, Knwaguchi and coworkers
reparted that tho application of recombinant human ba-
sic FGF increased the volume and mineral content of the
calluses in a dese-dependent manner in both normal and
diabetic rats [24].

The composition of the amniotic fluid includes many
growth factors (FGF, EGF, IGF-I, and IGF-II), muco-
polysaccharides (HA, ondroitin 4-, and
6-sulfate, dermatan sulfate, and heparan sulfate), and
extracellular macromolecules (fibronectin and lami-
nin). Wo thought that HAF including both growth fac-
tors and HA would have a positive stimulating effect on
the fracture healing.

HA, which ia a polyaaechande, hasa posmve effect
on ccll differentintion, migration, and invasion of var-
ious cell types. It provides thorefore a mesenchymal
signal for healing in bene, cartilage, nerve, and tendon
[5 10 11, 25, 26] ltwnsreporledﬂmtﬂAnndHASA

iated with lerating now bone forma-

of local regulatory factors in osteoblasts (21, Zzlnndnlm

hon [10 11).

FIG. 3. Histological sections at tho Sth week (HAR, x10) (A) We
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In provious experimental studies, HAF was used to
prevent peritendinous edhesion formation, bone defect
healing, nerve regeneration, and cartilage regenera-
tion due to content of HA, growth, ard trophic factors
(5, 10, 11, 25, 26). Ozgenel and coworkers reported that
injection of HAF underneath the free perichondrial
grafts promotes the proliferation and differentiation of
the chondrocytes [5). In additien, it was reported that a
single application of HAF is effective in the treatment
of bone healing [10] and in preventing adhesion forma-
tion together with facilitating the tendon-healing pro-
cess [26). Our results showed that HAF enhanced the
facture healing similar to the other experimental stud-
iea that were mentioned above. Both group 1 and group
2 had better results than group 8 (operative control
group).

The mean concentration of HA is approximately 20
ug/mL at weeks 16-20 of the gestational period. It
drops to approximately 1 ug/mL at week 30 and is then
constant until end of the pregnancy [8]. Similarly it
was reported that concentrations of some growth foc-
tors in HAF changed throughout gestaticn [6, 7). Hof-
mann and Abramowicz reported that EGF concentra-
tions of HAF were 35 = 8 pM at weeks 15-22 of
gestation, while these concentrationa were 87 = 71 pM
at weeks 35-39 of gestation [15]. Similarly, Varner
et al. reported that EGF levels in HAF were increased
near term [12]. Because the concentration of HA and
growth factors in HAF varies considerably during ges-
tation, we used HAF obtained from two different time
periods to compare the passible effects on fracture
healing of these two different HAFs. Group 1 had bet-
ter radiclogical, histological, and scintigraphic results
than group 2, but no statistical difference was observed
between these two groups eccording to all evaluatien
methods at the 3rd and the 5th week except scinti-
graphic results at the 3rd week.

In the scintigraphic evaluation, metabelic activity at
the fracture site is an indicator of the fracture-healing
status. Thore are generally three phases identified
seintigraphically when evaluating fractures. While in
acute and subacute phases, a gradual increase in met-
abolic activity on the fractured site occurs; in healing
phase, a gradual decline in activity occurs over time. In
our study, metabolic activity at the fracture site was
observed in group 1 more than the cthers at the 3rd
week. This result may be emanating from increased
angiogenesia. This result indicated to us that ostecgen-
emsdevelopedmomquicklythantbaothem Inthesth
week, we believe that the osteog still conti
in group 2 and 8 due to the observed small increase in
their uptake ratios. With this we believe that the cb-
served decrease in the uptake ratio in group 1 could be
a sign that remodeling had started. Because from the
moment when ossification begins to when remodeling

is taking place, there is n markod decrenso in the
metabalic activity of the bono-healing process [27].

Although fracture healing was better in both group 1
and group 2 than group 3 histolegically, the best re-
sults were obtained from group 1 at the 3rd and 5th
week. We think that this result can emanate from
variable concentrations of the growth factors and HA
throughout gestation.

i the fact that tho results from the HAF
collected at 18th week of the gestaticn were bettar, wo
believe that with a more concentrated form of these
factors and pelysaccharide, it is possible to increase the
positive effects on fracturo healing.

Recently pluripotent cells were isolated from the hu-
man and redent amniotic fluid [28]. These cells, termed
amniotic fluid-derived stem cells, were shown to give
rise to adipogenic, osteogenic, myogenic, endothelinl,
neurogenic, hepatic, and chondrogenic lineages i29). In
our study, wo usad cell-froe centrifuged HAF for eval-
uation of effects alane of the mucopolyseccharides and
the growth factors in the HAF. Thus tho present study
was not affected by amniotic fluid-derived stem cella.
In addition, we think that this valuable fluid may be
stored in deep freeze in this manner and may be used
a3 an allograft without any risk of reaction and infee-
tion.

We arrived at tho conclusion HAF had a positive
effect on fracture healing in rat tibin and also this
posgitive effect was chserved moro in group 1 (HAF
collected at 18th week of the gestation). Additionally
further studies are also needed to nssess the roles of
thevanmgrvwﬂ:fnctmnﬂmmtheww
ing and to investigate the dose respanse curves for
HAP in the fracture healing.
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