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Purpose: Autologous platelet gels can be prepared using the patient’s own platelet-rich plasma and
thrombin produced by the Thrombin Processing Device (Thermogenesis Corp, Rancho Cordova, CA). As
the Thrombin Processing Device thrombin contains a residual amount of ethanol, the purpose of this
study was to investigate the effect of the Thrombin Processing Device thrombin on growth factor release
from platelet gels, and the effect on cell viability and cell proliferation.

Materials and Methods: Platelet gels were prepared using Thrombin Processing Device-produced
human thrombin at platelet-rich plasma to thrombin ratios of 3.3 to 1 and 7 to 1. Commercially available
bovine thrombin was used as control. The content of the growth factors, platelet-derived growth factor
beta polypeptide, and transforming growth factor beta, were assessed in both the clot and supernatant.
The influence of different concentrations of ethanol on cell viability was assessed by flow cytometry and
cell proliferation was assessed by *H-thymidine incorporation.

Results: Using a ratio of 3.3 to 1, the supernatant of the platelet gel produced with Thrombin Processing
Device thrombin had a lower growth factor content compared with bovine thrombin but was similar
when prepared using a ratio of platelet-rich plasma to thrombin of 7 to 1. Supernatants from the platelet
gels did not affect the viability of human macrophage line cells or a fibroblast cell line. When the different
platelet gels or their supernatants were tested for their ability to stimulate cell proliferation, similar rates
of proliferation were observed.

Conclusions: These data suggest that residual ethanol in the Thrombin Processing Device-produced
thrombin does not affect any of the tested parameters and has similar characteristics as commercially

available bovine thrombin.
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The use of platelet gels to enhance wound healing
and bone regeneration in surgical procedures is wide-
spread.'® The enhancement found in wound healing
and osteogenesis is explained by the release of
growth factors from the platelets in the platelet
ge1.11-12

A platelet gel is typically produced by preparing
platelet-rich plasma (PRP), containing concentrated
platelets and white cells, from the patient’s own
blood. The PRP is then combined with commercially
available thrombin (bovine or human) and forms a gel
that can be applied on the tissue surface to promote
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wound healing. During the formation of the gel, ie,
clotting, the platelets are activated and will release
growth factors such as platelet-derived growth factor
beta polypeptide (PDGF-B) and transforming growth
factor-B (TGF-B) from their a-granules.'® The amount
of growth factor released is dependent on the rate of
activation and the number of platelets.'*¢

Thrombin used for activation of the PRP has to date
primarily been from bovine origin. The use of bovine
thrombin (BT) has caused major concern as it has
been shown to cause formation of antibodies that
crossreact with the patient’s coagulation factor
V.'7-18 This may lead to a range of adverse reactions,
including severe and life-threatening bleeding. In ad-
dition, there is a concern of possible exposure to
bovine-derived prions causing variant Creutzfeldt-Ja-
cob disease in humans.'® Thus, the ability to produce
a human, preferably autologous, thrombin for surgical
use has been highly desirable.

Thrombin can be readily produced from citrated
plasma by adding calcium ions, thus reversing the
inhibition of the coagulation caused by the citrate.
However, thrombin produced by this method is not
practical for clinical use because its activity is typi-
cally decreased to nonfunctional levels within 20 min-
utes.”® In order to circumvent these limitations, a
simple method to produce stable thrombin was de-
veloped (the Thrombin Processing Device [TPD;
Thermogenesis Corp, Rancho Cordova, CA]) where a
mixture of calcium chloride and ethanol provides the
chemical constituents needed to activate thrombin,
inactivate inhibitors and stabilize the thrombin so it
can be used hours after production.?' A concern that
has been raised by this method, however, is that
residual ethanol content may have an impact on plate-
let activation, cell proliferation, and the viability of
tissue cells close to the applied platelet gel. The aim
of this study was to compare the influence of throm-
bin prepared by the TPD or BT on the release of
growth factors from the platelet gel and the effect of
the platelet gel on in vitro cell proliferation and via-
bility. An overview of the study design can be seen in
Figure 1. The results suggest that residual ethanol in
the TPD-produced thrombin does not affect any of the
tested parameters and has similar characteristics as
commercially available BT.

Materials and Methods
PREPARATION OF PLATELETRICH PLASMA

Citrated whole blood was obtained from healthy
volunteers according to established procedures for
the collection of human blood products. The blood
was centrifuged at 1,500g for 10 minutes to separate
the PRP from the red cells. The PRP was harvested
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FIGURE 1. An overview of the study design. A, Study design of the
assessment of growth factor content in the platelet gel and the platelet
gel supernatant. B, Design of the study assessing cell viability after
addition of ethanol at different concentrations. C, Design of the
study assessing cell proliferation after stimulation with either platelet
gel or platelet gel supemnatant. THP-1, human macrophage cell line
from the American Type Tissue Culture Collection (ATCC, Manas-
sas, VA); TPD, Thrombin Processing Device (Thermogenesis Corp,
Rancho Cordova, CA).
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together with the white cells and the upper part of
the red cell layer, and used within 1 hour of separa-
tion.

PREPARATION OF TPD THROMBIN

For the production of thrombin, the TPD was used.
It consists of a reaction chamber containing a nega-
tive surface charge required for initiation of the for-
mation of thrombin, and a reagent consisting of cal-
cium chloride and ethanol (final concentration 7.2%
and 19% mmol/L, respectively). Fresh frozen plasma
was obtained from San Bernadino Blood Bank (San
Bernadino, CA) and South Florida Blood Bank (St
Petersburg, FL). The plasma was donated by healthy
volunteers and processed according to local estab-
lished procedures for the collection and processing of
human blood products. Each unit was thawed in a
plasma thawer (MT-202; Thermogenesis Corp, Ran-
cho Cordova, CA) within 1 hour of initiation of throm-
bin production.

Eleven mL of fresh frozen plasma and 4 mL throm-
bin reagent was added to the TPD reaction chamber.
After mixing and incubating for 20 minutes at room
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temperature, the TPD was agitated to break any
formed fibrinogen clots and incubated for an addi-
tional 5 minutes. The TPD-produced thrombin was
harvested, in 3 mL aliquot samples and frozen at
—80° C until use. Bovine thrombin (Thrombin-JMI;
GenTrac Inc, Middleton, WI), commonly used in
surgery, was used as a control. This thrombin was
commercially produced by the Cohn fractionation
method.

THROMBIN ACTIVITY, QUANTITATIVE ASSESSMENT
OF THE THROMBIN

Thrombin activity was analyzed using the modified
Clauss method.?* Briefly, 200 uL of a 2 mg/mL pre-
warmed (37°C) solution of fibrinogen (Sigma, St
Louis, MO) solution was added to 100 uL of thrombin
sample. The time required for clot formation was
recorded using a fibrometer (FibroSystem; Becton-
Dickinson, Franklin Lakes, NJ). The thrombin activity
in the samples was determined by correlating the
time to clot formation to a standard curve generated
with titrations of thrombin (Biopool US Inc, Ventura,
CA). As each time point on the standard curve corre-
sponds to the thrombin activity needed to clot the
standard concentration of fibrinogen, the thrombin
activity in an unknown sample can be extrapolated
from the time to clot formation.

PREPARATION OF PLATELET GELS

Two different ratios of PRP to thrombin were used
to produce platelet gels; 3.3 to 1 and 7 to 1. Platelet
gels were prepared by adding TPD-thrombin and BT
to PRP at the indicated ratios. The platelet gels pre-
pared with TPD-thrombin had a final ethanol concen-
tration of 4.2% and 2.25% (ratios 3.3:1 and 7:1, respec-
tively). As a control for an ethanol effect, platelets gels
were also prepared using BT with added ethanol (final
concentration 4.5%). When clotting was complete,
the clot and the supernatant were separated by cen-
trifugation (1,000g for 5 min at 4° C). The superna-
tants were harvested and frozen at —80° C until use.
The clots were homogenized (PRO 200 homogenizer;
PRO Scientific Inc, Oxford, CT) using a medium
speed for 5 minutes at 4° C and the homogenates
were frozen at —80° C until use. Both supernatants
and homogenates were used in the cytokine assays
and supernatants in the cell proliferation and viability
assays.

ASSESSMENT OF GROWTH FACTOR CONTENT IN
PLATELET GELS AND PLATELET GEL SUPERNATANT

The presence of PDGF-B and TGF-f3 was tested in
both the supernatant and the homogenized clots from
the platelet gels using commercially available ELISA
kits (R&D Systems, Minneapolis, MN). The positive
control consisted of a totally homogenized platelet gel
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(both supernatant and clot) and represented the total
available cytokines in the preparation. A negative con-
trol was prepared by first inactivating the platelets in
the PRP by adding Prostaglandin-E, (Sigma). The pres-
ence of cytokines within the Prostaglandin-E,-treated
supernatants of the gel was a measure of inhibition of
cytokine release. See Figure 1A for an overview of the
study design.

ASSESSMENT OF CELL VIABILITY AND
PROLIFERATION

Cell Lines

The following cell types were used for assaying
influence on proliferation and viability: Fibroblasts
(WS1) and the human macrophage line (THP-1) were
obtained from the American Type Tissue Culture Col-
lection (ATCC, Manassas, Virginia). The cell lines
were maintained with RPMI-1640 containing 10% fe-
tal calf serum (FCS; Gibco BRL, Grand Island, NY),
100 pg/mL penicillin/streptomycin/fungizone, 100
mmol/L L-glutamine (Gibco BRL), and 5 X 10~ > mol/L
2-mercaptoethanol (cRPMI; Sigma Aldrich, St Louis,
MO).

Cell Culture

Cells were grown to confluence and then removed
by washing (THP-1) or trypsinization and washing
(fibroblasts), and then 100 uL of 10° cells were
seeded in triplicate into 96-well flat-bottom plates
with the indicated concentrations of ethanol in plate-
let gel or supernatant to a final volume of 150 pL and
incubated for the indicated times at 37°C in a humid-
ified CO, (5% final) incubator (Precision Instrument;
Fisher Scientific, Markham, Ontario, Canada). The
cells were then tested for viability or their ability to
proliferate.

Cell Viability

Cell viability in all experiments was assessed by
adding propidium iodide to the wells for 10 minutes
and acquiring them on a FACSort flow cytometer
(Becton-Dickinson, San Jose, CA) equipped with an
Argon laser operating at 15 mW,; 10,000 events were
acquired using an electronic cellular (lymphocyte)
gate based on forward and side scatter, and FL2 fluo-
rescence was analyzed using Cellquest software
(Becton-Dickinson).>* See Figure 1B for an overview
of the study design.

Cell Proliferation

Cell proliferation was measured by *H-thymidine
incorporation. Briefly, at 0 hours and 24 hours incu-
bation, 3H-thyrnidine (1 nCi) was added to the indi-
cated cell culture wells and incubated for an addi-
tional 24 hours. The cells were then harvested unto
filter paper and incorporation of *H-thymidine was
measured using a liquid scintillation counter (1209
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FIGURE 2. The proportion of growth factors (A, plateletderived
growth factor befa poE/pepﬁde; B, transforming growth factor-8) de-
rived from platelets found in the fotal homogenate (black bars), in the
gel (gray bars| and the supernatant (white bars) after preparation of
platelet gels using TPD (Thrombin Processing Device [Thermogenesis
Corp, Rancho Cordova, CA]lhrombin or bovine thrombin (BT) in 3.3
to 1 and 7 to 1 plateletrich plasma to thrombin ratios.
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Rack beta; LKB/Wallac Oy, Turku, Finland). See Fig-
ure 1C for an overview of the study design.

STATISTICAL ANALYSIS

All results are presented as mean and standard de-
viation. Significance between groups was assessed
using the Student # test or Wilcoxon signed rank test,
where appropriate.

Results

The PRP used for platelet gel production had a
platelet concentration of greater than 600 X 10> per
nL and a white cell concentration of greater than
15 X 10° per uL. The TPD-thrombin had a thrombin
activity of 81 = 20 IU per mL. The BT used in the
experiments had a concentration of 50 IU per mL.

ASSESSMENT OF GROWTH FACTOR CONTENT IN
PLATELET GELS AND PLATELET GEL SUPERNATANT

In the platelet gel homogenates produced using
TPD-thrombin with a 3.3 to 1 ratio of PRP to throm-
bin, there was a lower amount of PDGF-B and TGF-3
in the supernatants compared with what was found in
the supernatant of the platelet gel produced using BT
(Fig 2). However, the amount of released PDGF-B and
TGF-B in the supernatants using a 7 to 1 PRP to
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FIGURE 3. The effect of ethanol on the viability of THP-1 (human
macrophage cell line from the American Type Tissue Culture Collection
[ATCC, Manassas, VA]| cells. The cells were exposed to different
concentrations of ethanol for 2, 4, 24, or 48 hours. The control cells

were not exposed fo ethanol. The viability of the control cells after 2
hours was defined as 100%.
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thrombin dilution was similar for both TPD-thrombin
and BT (Fig 2).

CELL VIABILITY

To examine the threshold concentration of ethanol
required to inhibit viability of THP-1 cells or fibro-
blasts, titrations of ethanol were added to cultures
and viability was measured at various time points.
Exposing the cells to 4.2% ethanol (final) for 4 or 24
hours had little effect on the viability (Fig 3). How-
ever, significant death occurred in the cultures of
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FIGURE 4. Proliferation of THP-1 (human macrophage cell line from
the American Type Tissue Culture Collection [ATCC, Manassas, Vir
ginia]) cells and fibroblasts after 48 hours exposure to supematants
from platelet gels prepared using TPD (Thrombin Processing Device
[Thermogenesis Corp, Rancho Cordova, CA]J4hrombin (gray bars),
bovine thrombin (whife bars) and bovine thrombin supplemented with
ethanol (hatched bars).

Semple et al. Platelet Gels With TPD Thrombin. J Oral Maxillofac
Surg 2008.
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both cell types when exposed to 9% ethanol for 4
hours (Fig 3).

CELL PROLIFERATION

The proliferation of THP-1 cells and fibroblasts
after exposure to the different platelet gels or their
supernatants was assessed using *H-thymidine in-
corporation. There was no difference between the
proliferation of THP-1 cells and background using
supernatants from platelet gels produced using
TPD-thrombin, BT, or BT with 4.5% ethanol added,
at PRP to thrombin ratios of 3.3 to 1 or 7 to 1 after
48-hour culture (Fig 4). Fibroblasts, however, pro-
liferated significantly using both ratios and there
was no difference in proliferation between the
wells incubated with supernatants produced using
either TPD-thrombin, BT, or BT with 4.2% ethanol
added (Fig 4).

Discussion

Platelet gels are commonly used in surgery to
enhance wound healing and osteogenesis. The gels
are produced by combining PRP with thrombin,
typically from a bovine source. By introducing the
TPD, it has become possible to produce stable
thrombin from the patient’s own blood, thus avoid-
ing bovine exposure and possible adverse reac-
tions. In this study we investigated the effect of
residual ethanol in TPD-thrombin on release of
growth factors from platelet gels and on the ability
of the platelet gels or their supernatants to affect in
vitro cell viability and proliferation.

When platelet gels were prepared using a ratio of
PRP to thrombin of 7 to 1 with both TPD-thrombin
and BT approximately 50% of the total available
growth factors PDGF-B and TGF-3 were found in
the supernatant. However, using a ratio of 3.3 to 1, the
supernatant of the platelet gel produced with TPD-
thrombin had a lower PDGF-B and TGF-8 content
compared with gel produced with BT (PDGF-B, 30%
and 65%, respectively; and TGF-B8, 15% and 40%,
respectively). The final ethanol concentration in a
platelet gel produced with TPD-thrombin at a 3.3
to 1 ratio is approximately 4%. As ethanol is known
to inactivate platelets,?*?> it remains to be investi-
gated if this is the reason for the lower release
compared with BT containing no ethanol. The in-
terpretation of these results may have to be taken
with some caution as there is a large variation in the
results, especially in the samples taken from the
gel. This may be due to the possible inactivation of
platelets by ethanol making the method chosen for
recovery of growth factors from the gel (homoge-
nization and freezing) less adequate. On the other
hand, if there is less release of growth factors, it
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may be potentially beneficial for the patient. As
growth factors already released from the platelets
will quickly break down and diffuse into the tissue
at the wound site, having more growth factors
available in the gel, for slower release over time,
may be an advantage. In addition, it has been
shown that platelet aggregation can be inhibited by
PDGF, thus a high concentration of PDGF at the
wound site may have a negative feedback effect on
the activation of circulating platelets.?®?” However,
this still remains to be determined.

The effect of ethanol on cell viability was tested
using THP-1 cells, a monocytic cell line that is
extremely phagocytic. This cell line was chosen
because monocytes are one of the first cell types
that migrate to and proliferate at the wound site;
they release cytokines that attract cells pivotal for
wound healing, eg, platelets, granulocytes, fibro-
blasts, and epithelial cells. Sustaining an ethanol
concentration of 4.5% for 4 hours had no effect on
the cell viability and exposing the cells for 24 hours
only decreased the viability with approximately
25% compared with the control. Several studies
have reported various effects of using different eth-
anol concentrations and exposure times on differ-
ent types of cell lines.”®>> The results vary, but
overall the negative effect increased with increas-
ing concentrations of ethanol and time of exposure.
For example, Stephens et al** showed that prolifer-
ation of cultured fibroblasts was significantly af-
fected when an ethanol concentration of greater
than 5% for 48 hours was used. Using a pig model,
De Somer et al®® investigated the effect of 1.18%
and 3.8% ethanol on cell damage when applied on
the ischiadic nerve. They did not find any histolog-
ical or structural changes in either group and it thus
appears that ethanol concentrations at this low
range do not cause impairment at the application
site. The in vitro tissue culture evaluations are the
“worst case” conditions of ethanol exposure and
provide high assurance that residual ethanol will
not be the source of significant cytotoxicity for the
in vivo applications due to physiologic clearance
mechanism.

The proliferation of fibroblasts was similar using
supernatants from platelet gels prepared by TPD-
thrombin and BT at both 3.3 to 1 and 7 to 1 PRP to
thrombin ratios (Fig 3). However, this cell type
proliferated marginally better using supernatants
from PRP-thrombin ratio 7 to 1 compared with 3.3
to 1. This could be due to the somewhat higher
concentration of PDGF-B in the supernatant in the
7 to 1 supernatant as PDGF-B is a very potent
stimulator of growth for fibroblasts.>* On the other
hand, using THP-1 cells, we did not detect any
proliferation above the baseline of unstimulated
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cells. The monocytic THP-1 cell is less susceptible
to stimulation of PDGF-B and more responsive to
TGF-B, compared with fibroblasts. At high concen-
trations, as in this case, TGF-3 has been shown to
be an inhibitor of proliferation for hematopoietic
cells, such as THP-1 cells.>® This could explain the
results as the concentration of TGF-f3 was higher in
the supernatants from the PRP-thrombin ratio 3.3 to
1 compared with the ratio 7 to 1.

To investigate the ethanol effect, we added eth-
anol to BT and produced platelet gels as previously
described. Adding ethanol did not significantly
change the proliferation of THP-1 cells or fibro-
blasts compared with using TPD-thrombin or BT at
a PRP to thrombin ratio of 3.3 to 1. At the ratio of
7 to 1, the proliferation was decreased compared
with using both TPD-thrombin and BT. Comparing
the 3.3 to 1 and 7 to 1 PRP to thrombin ratios, the
proliferation was similar. As we were using the
supernatants, this could indicate that more growth
factors were retained in the gel or in the platelets,
as the platelets could have been inhibited in their
release by the ethanol. However, this remains to be
investigated.

In summary, these data demonstrate that cultured
cells related to wound healing and exposed to the
supernatants from platelet gels prepared by either
TPD-thrombin or BT have similar viabilities and
fibroblasts, at least, proliferated in a similar manner.
It thus appears that platelet gels produced with
TPD-thrombin have similar characteristics as com-
mercially available BT.*® The potential benefit of
slow release of growth factors from the platelet gel
to the wound site still has to be investigated.

References

1. Knighton D, Ciresi K, Fiegel V, et al: Classification and treat-
ment of chronic nonhealing wounds. Successful treatment
with autologous platelet-derived wound healing factors (PD-
WHF). Ann Surg 204:322, 1986

2. Steed DL, Goslen JB, Holloway GA, et al: Randomized prospec-
tive double-blind trial in healing chronic diabetic foot ulcers.
CT-102 activated platelet supernatant, topical versus placebo.
Diabetes Care 15:1598, 1992

3. Stacey MC, Mata SD, Trengove NJ, et al: Randomised double-
blind placebo controlled trial of topical autologous platelet
lysate in venous ulcer healing. Eur J Vasc Endovasc Surg 20:
296, 2000

4. Margolis DJ, Kantor J, Santanna J, et al: Effectiveness of platelet
releasate for the treatment of diabetic neuropathic foot ulcers.
Diabetes Care 24:483, 2001

5. Fennis JP, Stoelinga PJ, Jansen JA: Mandibular reconstruction: A
clinical and radiographic animal study on the use of autoge-
nous scaffolds and platelet-rich plasma. Int J Oral Maxillofac
Surg 31:281, 2002

6. Bhanot S, Alex JC: Current applications of platelet gels in facial
plastic surgery. Facial Plast Surg 18:27, 2002

7. Senet P, Bon FX, Benbunan M, et al: Randomized trial and local
biological effect of autologous platelets used as adjuvant

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

637

therapy for chronic venous leg ulcers. J Vasc Surg 38:1342,
2003

. Choi BH, Im CJ, Huh JY, et al: Effect of platelet-rich plasma on

bone regeneration in autogenous bone graft. Int J Oral Maxil-
lofac Surg 33:56, 2004

. Giannini G, Mauro V, Agostino T, et al: Use of autologous

fibrin-platelet glue and bone fragments in maxillofacial surgery.
Transfus Apher Sci 30:139, 2004

Anitua E, Andia I, Ardanza B, et al: Autologous platelets as a
source of proteins for healing and tissue regeneration. Thromb
Haemost 91:4, 2004

Slater M, Patava J, Kingham K, et al: Involvement of platelets
in stimulating osteogenic activity. J Orthop Res 13:655, 1995
Marx RE, Carlson ER, Eichstaedt RM, et al: Platelet-rich plasma:
Growth factor enhancement for bone grafts. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 85:638, 1998

Steen VM, Holmsen H: Current aspects on human platelet
activation and responses. Eur J Haematol 38:383, 1987
Ledent E, Wasteson A, Berlin G: Growth factor release during
preparation and storage of platelet concentrates. Vox Sang
68:205, 1995

Eppley BL, Woodell JE, Higgins J: Platelet quantification and
growth factor analysis from platelet-rich plasma: Implica-
tions for wound healing. Plast Reconstr Surg 114:1502, 2004
Tsay RC, Vo J, Burke A, et al: Differential growth factor reten-
tion by platelet-rich plasma composites. J] Oral Maxillofac Surg
63:521, 2005

Kajitani M, Ozdemir A, Aguinaga M, et al: Severe hemorrhagic
complication due to acquired factor V inhibitor after single
exposure to bovine thrombin product. J Card Surg 15:378,
2000

Ortel TL, Mercer MC, Thames EH, et al: Immunological impact
and clinical outcomes after surgical exposure to bovine throm-
bin. Ann Surg 233:88, 2001

Beghi E, Gandolfo C, Ferrarese C, et al: Bovine spongiform
encephalopathy and Creutzfeldt-Jacob disease: Fact and uncer-
tainties underlying the causal link between animal and human
disease. Neurol Sci 25:122, 2004

Butenas S, Mann KG: Blood coagulation. Biochemistry (Mosc)
67:3, 2002

Kumar V, Madsen T, Zhu H, et al: Stability of human thrombin
produced from 11 ml of plasma using the thrombin processing
device. J Extra Corpor Technol 39:18, 2007

Clauss A: Gerinnungsphysiologische schnellmethode zur
bestimmung des fibrinogens. Acta Haematol 17:237, 1957
Sayeh E, Sterling K, Speck E, et al: IgG antiplatelet immunity is
dependent on an early innate natural killer cell-derived inter-
feron-gamma response that is regulated by CD8+ T cells. Blood
103:2705, 2004

Nguyen A, Gemmell CH, Yeo EL, et al: Ethanol inhibits throm-
bin-induced secretion of the contents of human platelet dense
and alpha-granules and lysosomes. Thromb Haemost 80:662,
1998

Rubin R: Effect of ethanol on platelet function. Alcohol Clin
Exp Res 23:1114, 1999

Bryckaert M, Rendu F, Tobelem G, et al: PDGF modifies phos-
phoinositide metabolism and inhibits aggregation and release
in human platelets. Biochem Biophys Res Commun 135:52,
1986

Bryckaert M, Rendu F, Tobelem G, et al: Collagen-induced
binding to human platelets of platelet-derived growth factor
leading to inhibition of P43 and P20 phosphorylation. J Biol
Chem 264:4436, 1989

Taylor JJ, Woolsey RM: Dilute ethyl alcohol: Effect on the
sciatic nerve of the mouse. Arch Phys Med Rehabil 57:233,
1976

Stephens P, al-Khateeb T, Davies K, et al: An investigation of
the interaction between alcohol and fibroblasts in wound heal-
ing. Int J Oral Maxillofac Surg 25:161, 1996

Tapani E, Taavitsainen M, Lindros K, et al: Toxicity of ethanol
in low concentrations. Experimental evaluation in cell culture.
Acta Radiol 37:923, 1996



638

31.

32.

33.

Luo J, Miller MW: Differential sensitivity of human neuro-
blastoma cell lines to ethanol: Correlations with their pro-
liferative responses to mitogenic growth factors and expres-
sion of growth factor receptors. Alcohol Clin Exp Res 21:
1186, 1997

Kim TI, Tchah H, Cho EH, et al: Evaluation for safety of
cultured corneal fibroblasts with cotreatment of alcohol and
mitomycin C. Invest Ophthalmol Vis Sci 45:86, 2004

De Somer F, De Brauwer V, Vandekerckhove M, et al: Can
autologous thrombin with a rest fraction of ethanol be used

34.

35.

36.

PLATELET GELS WITH TPD THROMBIN

safely for activation of concentrated autologous platelets ap-
plied on nerves? Eur Spine J 15:501, 2006

Ross R, Raines EW, Bowen-Pope DF: The biology of platelet-
derived growth factor. Cell 46:155, 1986

Bombara C, Ignotz R: TGF-beta inhibits proliferation of and
promotes differentiation of human promonocytic leukemia
cells. J Cell Physiol 153:30, 1992

Semple E, Madsen T, Semple J: Quality of thrombin produced
from the patient’s own plasma using the TPDT, a new throm-
bin processing device. ] Extra Corpor Technol 37:196, 2005



	Evaluation of Platelet Gel Characteristics Using Thrombin Produced by the Thrombin Processing Device: A Comparative Study
	Materials and Methods
	PREPARATION OF PLATELET-RICH PLASMA
	PREPARATION OF TPD THROMBIN
	THROMBIN ACTIVITY, QUANTITATIVE ASSESSMENT OF THE THROMBIN
	PREPARATION OF PLATELET GELS
	ASSESSMENT OF GROWTH FACTOR CONTENT IN PLATELET GELS AND PLATELET GEL SUPERNATANT
	ASSESSMENT OF CELL VIABILITY AND PROLIFERATION
	Cell Lines
	Cell Culture
	Cell Viability
	Cell Proliferation

	STATISTICAL ANALYSIS

	Results
	ASSESSMENT OF GROWTH FACTOR CONTENT IN PLATELET GELS AND PLATELET GEL SUPERNATANT
	CELL VIABILITY
	CELL PROLIFERATION

	Discussion
	References


