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The Effect of Platelet-Rich Plasma
Formulations and Blood Products
on Human Synoviocytes

Implications for Intra-articular Injury and Therapy

Hillary J. Braun,*y BA, Hyeon Joo Kim,* PhD, Constance R. Chu,* MD,
and Jason L. Dragoo,*z MD
Investigation performed at Stanford University, Palo Alto, California, USA

Background: The effect of platelet-rich plasma (PRP) on chondrocytes has been studied in cell and tissue culture, but consid-
erably less attention has been given to the effect of PRP on synoviocytes. Fibroblast-like synoviocytes (FLS) compose 80% of the
normal human synovium and produce cytokines and matrix metalloproteinases that can mediate cartilage catabolism.

Purpose: To compare the effects of leukocyte-rich PRP (LR-PRP), leukocyte-poor PRP (LP-PRP), red blood cell (RBC) concen-
trate, and platelet-poor plasma (PPP) on human FLS to determine whether leukocyte and erythrocyte concentrations of PRP for-
mulations differentially affect the production of inflammatory mediators.

Study Design: Controlled laboratory study.

Methods: Peripheral blood was obtained from 4 donors and processed to create LR-PRP, LP-PRP, RBCs, and PPP. Human syn-
oviocytes were cultured for 96 hours with the respective experimental conditions using standard laboratory conditions. Cell via-
bility and inflammatory mediator production were then evaluated.

Results: Treatment with LR-PRP resulted in significantly greater synoviocyte death (4.9% 6 3.1%) compared with LP-PRP
(0.72% 6 0.70%; P = .035), phosphate-buffered saline (PBS) (0.39% 6 0.27%; P = .018), and PPP (0.26% 6 0.30%; P =
.013). Synoviocytes treated with RBC concentrate demonstrated significantly greater cell death (12.5% 6 6.9%) compared
with PBS (P \ .001), PPP (P \ .001), LP-PRP (P \ .001), and LR-PRP (4.9% 6 3.1%; P \ .001). Interleukin (IL)–1b content
was significantly higher in cultures treated with LR-PRP (1.53 6 0.86 pg/mL) compared with those treated with PBS (0.22 6

0.295 pg/mL; P \ .001), PPP (0.11 6 0.179 pg/mL; P \ .001), and RBCs (0.64 6 0.58 pg/mL; P = .001). IL-6 content was
also higher with LR-PRP (32,097.82 6 22,844.300 pg/mL) treatment in all other groups (P \ .001). Tumor necrosis factor–a levels
were greatest in LP-PRP (9.97 6 3.110 pg/mL), and this was significantly greater compared with all other culture conditions (P \
.001). Interferon-g levels were greatest in RBCs (64.34 6 22.987 pg/mL) and significantly greater than all other culture conditions
(P \ .001).

Conclusion: Treatment of synovial cells with LR-PRP and RBCs resulted in significant cell death and proinflammatory mediator
production.

Clinical Relevance: Clinicians should consider using leukocyte-poor, RBC-free formulations of PRP when administering intra-
articularly.

Keywords: platelet-rich plasma; synoviocytes; osteoarthritis; inflammation

Platelet-rich plasma (PRP) is an autologous blood fraction
composed of concentrated platelets and growth factors. The
rationale behind PRP as a therapeutic agent is that it deliv-
ers growth factors, cytokines, and other molecular mediators
to the site of tissue injury to increase healing. PRP is com-
monly used in clinical orthopaedics as an injection or gel bio-
logic therapy to facilitate wound hemostasis3,11 and to treat
tendinopathies.2,24,33 It has been used as an experimental
treatment for osteoarthritis with mixed results.9,21

The effect of PRP on chondrocytes has been studied
using in vitro and in vivo basic science models. A recent
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systematic review of this literature demonstrated that 71%
of the studies report PRP increases the synthetic capacity
of chondrocytes, including upregulation of gene expression,
proteoglycan production, and type II collagen deposition.34

However, only 4.8% (1/21) of reports included in this anal-
ysis characterized the white blood cell (WBC), platelet, and
red blood cell (RBC) contents of their PRP formulations.39

There are many variations in PRP formulations, with both
platelet and leukocyte concentrations having been identi-
fied as major constituents affecting the inflammatory
responses after PRP injection.

Less attention has been given to the effect of PRP on
synoviocytes. When considering intra-articular applica-
tions, it is imperative to assess the effect of the therapy
on other cell populations within the joint. Fibroblast-like
synoviocytes (FLS) compose 80% of the normal human
synovium and produce cytokines and matrix metalloprotei-
nases (MMPs) that can mediate cartilage catabolism. A
recent study by Browning et al4 found that, compared
with platelet-poor plasma (PPP) and phosphate-buffered
saline (PBS), PRP treatment resulted in increases of cyto-
kines and proteases produced by human FLS. Their study
used leukocyte-rich PRP (LR-PRP), which has been shown
to cause an increased acute inflammatory response com-
pared with leukocyte-poor PRP (LP-PRP).7

The purpose of this study was to compare the effects of
LR-PRP, LP-PRP, and RBCs on human FLS to determine
whether the addition of leukocytes and/or erythrocytes to
PRP formulations affects FLS production of inflammatory
mediators.

METHODS

Institutional review board approval was obtained before
the initiation of this study.

Preparation of Blood Products

Approximately 110 mL blood was obtained by a licensed
phlebotomist from 4 healthy volunteers without medical
history using a standard venipuncture technique. In total,
55 mL was processed using the High-Yield PRP System
(Emcyte Corporation, Fort Meyers, Florida, USA) accord-
ing to the manufacturer’s instructions to create LR-PRP,
PPP, and packed RBCs. The remaining 55 mL was simul-
taneously processed using Pure PRP (Emcyte Corporation)
to create LP-PRP, a formulation without neutrophils. The
following blood product groups were analyzed: whole blood,
PPP, LR-PRP, LP-PRP, and concentrated RBCs. Complete
blood count (CBC) was used to confirm WBC, RBC, and
platelet concentrations. Samples were stored at –80�C
until they were applied to cell culture.

Synoviocyte Culture

Human type B FLS were obtained from a commercially avail-
able cell line (Cell Applications, San Diego, California, USA)
and expanded in Synoviocyte Growth Media (Cell Applica-
tions). Synoviocytes were seeded at a density of 1.3 3 105

cells/well. Three wells were used per culture condition;

each contained media and 3% blood/PRP product depending
on the experimental group. Cells were cultured for 96 hours
before viability and cytokine analysis was performed.

Live/Dead Viability Analysis

A Live/Dead Viability/Cytotoxicity Assay (Invitrogen Cor-
poration, Carlsbad, California, USA), a 2-color fluorescence
assay, was used for staining of the cultures after a respec-
tive 96-hour culture. Probes calcein AM and ethidium
homodimer (EthD-1) were used. Cells were stained at
room temperature for 30 minutes in the dark. The ratio
of dead to live cells was assessed by fluorescent microscopy.
Microscopic analysis was completed immediately after
incubation using a Zeiss Observer Z1 (Carl Zeiss, Inc,
Thornwood, New York, USA) fluorescent microscope.
Images were taken using an AxioCam MRm camera
(Carl Zeiss). Two frames were taken using the GP and
DsRED2 filters, wavelengths 510 6 10 and 590 6 14,
respectively, and were overlaid to produce a single image.
Four random high-powered fields (HPFs; 1003) were
acquired for each well. Automated cell-counting parame-
ters were set based on the size of the smallest and largest
cells visualized. Manual counting was performed to vali-
date automated cell-counting parameters. Manual and
automated counts were equal to 64 cells. The ratio of
dead to live cells was then calculated.

Cytokine Analysis

To evaluate proinflammatory mediator production, cell cul-
ture supernatant was analyzed for the following panel of
anabolic and catabolic cytokines and molecular mediators,
which are known to play an active role in both the initia-
tion and response to joint tissue injury: interleukin (IL)–
1b, IL-4, IL-6, IL-10, interferon (IFN)–g, and tumor necro-
sis factor (TNF)–a using a Bio-Rad Multiplex analysis (Bio-
Plex, Bio-Rad, Hercules, California, USA) according to the
manufacturer’s protocol.

Statistical Analysis

All statistical analyses were performed with SPSS Version
21 (SPSS, Inc, an IBM Company, Chicago, Illinois, USA).
Descriptive statistics for platelet, WBC, and RBC counts
were calculated for the blood products obtained from the
4 donors. For cell viability, the results of the 4 HPFs per
well were averaged and the 3 wells per condition were com-
pared with all other conditions using a 1-way analysis of
variance (ANOVA) with Bonferroni post hoc correction.
Cytokine results were also analyzed using a 1-way ANOVA
with Bonferroni correction. Significance was set at P \ .05.

RESULTS

Blood Products

Both LR-PRP and LP-PRP were defined as having a con-
centration of platelets greater than that in whole blood.
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LR-PRP was defined as having an overall WBC count
greater than the WBC count in whole blood, while
LP-PRP was defined as having an overall WBC count less
than the WBC count in whole blood. Platelet-poor plasma
was characterized by a concentration of platelets less than
that in whole blood, and RBC concentrate contained
a greater concentration of platelets than whole blood. Indi-
vidual and average CBC data for whole blood, LR-PRP,
LP-PRP, PPP, and RBC concentrate are summarized in
Table 1. Average and range data are condensed in Table 2.

Baseline Values

Cytokine levels at baseline and 96 hours for PPP, LP-PRP,
LR-PRP, and RBCs are compared in Table 3. In PPP, levels
of IL-6, IL-10, and TNF-a were significantly greater at 96
hours versus baseline. In LP-PRP, IL-1b, IL-6, and IL-10
were significantly greater at 96 hours compared with baseline.
IL-1b and IL-6 were significantly greater in LR-PRP at 96
hours versus baseline. Finally, IL-6 and IFN-g were signifi-
cantly greater in RBCs at 96 hours compared with baseline.

LR-PRP

Treatment with LR-PRP resulted in significantly greater
cell death (4.9% 6 3.1%) compared with LP-PRP (0.72%
6 0.70%; P = .035), PBS (0.39% 6 0.27%; P = .018), and
PPP (0.26% 6 0.30%; P = .013). After 96 hours of culture,
IL-1b content was significantly higher in cultures treated
with LR-PRP (1.53 6 0.86 pg/mL) compared with those
treated with PBS (0.22 6 0.295; P \ .001), PPP (0.11 6

0.179; P \ .001), and RBCs (0.64 6 0.58; P = .001) (Table
3). There was no difference between the IL-1b content of
LR-PRP versus LP-PRP (0.68 6 0.56; P = .097). Similarly,
IL-6 content was higher in LR-PRP–treated groups
(32,097.82 6 22,844.300 pg/mL) compared with PBS
(5426.00 6 3421.896 pg/mL; P \ .001), PPP (1689.96 6

773.026 pg/mL; P \ .001), and RBCs (6794.45 6

5027.470 pg/mL; P \ .001). There was no difference
between the IL-6 content of LR-PRP versus LP-PRP
(15,388.3 6 11,826.2; P = .531). IL-4 content was signifi-
cantly greater in LR-PRP–treated groups (2.90 6 3.8 pg/
mL) compared with PBS (0 6 0 pg/mL; P \ .001), PPP
(0 6 0 pg/mL; P \ .001), and RBCs (0.22 6 0.87 pg/mL;
P \ .001). There was no difference in IL-4 content between
LR-PRP and LP-PRP (3.61 6 3.31 pg/mL; P = 1.0).

LP-PRP

LP-PRP treatment resulted in significantly less cell death
(0.72% 6 0.7%) than RBC treatment (12.5% 6 6.9%; P \
.001) and LR-PRP treatment (4.9% 6 3.1%; P = .035).
TNF-a levels were greatest in LP-PRP (9.97 6 3.110 pg/
mL), and this was significantly greater compared with
PBS (0.34 6 487 pg/mL; P \ .001), LR-PRP (3.36 6 1.943
pg/mL; P \ .001), and RBCs (1.60 6 688 pg/mL; P \ .001)
(Table 3). IL-4 levels were significantly greater in LP-PRP
(3.61 6 3.3 pg/mL) compared with PBS (0 6 0; P \ .001),
PPP (0 6 0; P \ .001), and RBCs (0.22 6 0.87; P \ .001).
IL-10 levels were also significantly greater after LP-PRP
treatment (14.04 6 14.5) versus PBS (0 6 0; P = .005),
LR-PRP (1.95 6 3.1; P = .021), and RBCs (0 6 0; P =

TABLE 1
Summary of Blood Product Dataa

Donor

Whole
Blood–

Plt

Whole
Blood–
WBC

Whole
Blood–
RBC

LR-
PRP–

Plt

LR-
PRP–
WBC

LR-
PRP–
RBC

LP-
PRP–

Plt

LP-
PRP–
WBC

LP-
PRP–
RBC

PPP-
Plt

PPP-
WBC

PPP-
RBC

RBCC-
Plt

RBCC-
WBC

RBCC-
RBC

1 173 7.3 4.84 510 23.8 1.27 414 4.4 0.12 30 0.1 0.01 20 1.6 9.9
2 262 7.3 5.05 1071 44.5 7.14 1136 7.3 0.11 41 0 0.01 18 1.3 10.1
3 225 9.4 4.13 747 12.6 4.35 629 8 0.04 20 0.1 0.01 4 0.5 7.65
4 176 4.6 5.18 882 25.5 2.31 779 4.7 0.06 20 0.1 0 42 3.1 10.87
Avg 209 7.15 4.8 802.5 26.6 3.7675 739.5 6.1 0.0825 27.75 0.075 0.0075 21 1.625 9.63

aIndividual and averaged data for blood products used in synoviocyte culture. Avg, average; LR, leukocyte rich; LP, leukocyte poor; Plt,
platelet; PPP, platelet-poor plasma; PRP, platelet-rich plasma; RBC, red blood cell; RBCC, red blood cell concentrate; WBC, white blood cell.
Plt and WBC units in K/mL; RBC units in MIL/mL.

TABLE 2
Average and Range of Blood Product Dataa

Whole Blood LR-PRP LP-PRP PPP RBCC

Plt, K/mL 209 (173-262) 802.5 (510-1071) 740 (414-1136) 27.8 (20-41) 21 (4-42)
WBC, K/mL 5.9 (4.3-7.3) 26.6 (12.6-44.5) 6.1 (4.4-8) 0.08 (0-0.1) 1.6 (0.5-3.1)
RBC, MIL/mL 4.8 (4.13-5.18) 3.8 (1.27-7.14) 0.09 (0.04-0.12) 0.008 (0-0.01) 9.6 (7.7-10.9)

aAvg, average; LR, leukocyte rich; LP, leukocyte poor; Plt, platelet; PPP, platelet-poor plasma; PRP, platelet-rich plasma; RBC, red blood
cell; RBCC, red blood cell concentrate; WBC, white blood cell.
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.004). There was no significant difference in IL-10 levels
between LP-PRP and PPP (23.03 6 18.7; P = .204).

Platelet-Poor Plasma

Platelet-poor plasma treatment resulted in significantly
less cell death (0.26% 6 0.3%) versus RBC treatment
(12.5% 6 6.9%; P \ .001) and LR-PRP treatment (4.9% 6

3.1%; P = .013). TNF-a levels in PPP (7.18 6 5.3 pg/mL)
were significantly greater than those in PBS (0.34 6 487;
P \ .001), LR-PRP (3.36 6 1.943; P = .043), and RBCs
(1.60 6 688; P \ .001). There was no significant difference
compared with LP-PRP (9.97 6 3.110; P = .095). IL-10 lev-
els were also significantly greater in PPP (23.03 6 18.7 pg/
mL) versus PBS (P \ .001), LR-PRP (P \ .001), and RBCs
(P \ .001). There was no significant difference compared
with LP-PRP (14.04 6 14.5; P = .204).

RBC Concentrate

Synoviocytes treated with RBC concentrate demonstrated
significantly greater cell death (12.5% 6 6.9%) compared
with PBS (P \ .001), PPP (P \ .001), LP-PRP (P \ .001),
and LR-PRP (4.9% 6 3.1%; P \ .001) (Figure 1). IFN-g lev-
els were greatest in RBCs (64.34 6 22.987 pg/mL) and sig-
nificantly greater than all other culture conditions (P \
.001) (Table 3). Red blood cell treatment did not result in
the production of a significant amount of anti-inflammatory
cytokines (IL-4, 0.22 6 0.87 pg/mL; IL-10, 0 6 0 pg/mL).

DISCUSSION

The purpose of this study was to assess the effect of
LR-PRP, LP-PRP, and RBCs on the viability and

inflammatory mediator production of human synoviocytes.
Our results demonstrated that LR-PRP and RBC treat-
ment resulted in significant synoviocyte death compared
with LP-PRP and controls. Treatment with LR-PRP,
LP-PRP, and RBCs resulted in significantly increased pro-
duction of proinflammatory mediators. Anti-inflammatory
mediators were also significantly increased in cultures
treated with LR-PRP, LP-PRP, and PPP.

Normal synovium is composed of 2 morphologically dis-
tinct cell types: phagocytotic, macrophage-like synovio-
cytes and FLS. Fibroblast-like synoviocytes play a largely

TABLE 3
Summary of Baseline and 96-Hour Cytokine Dataa

IL-1b IL-4 IL-6 IL-10 IFN-g TNF-a

PPP
0-hour 0 6 0 0 6 0 0 6 0 1.0 6 2.0 23.3 6 26.1 2.1 6 0.9
96-hour 0.11 6 0.18 0 6 0 1690.0 6 773.0 30.4 6 15.5 9.5 6 7.0 8.9 6 5.1
P value .264 NA .001 .002 .100 .020

LP-PRP
0-hour 0 6 0 6.3 6 5.0 0 6 0 0 6 0 47.2 6 43.3 10.2 6 4.0
96-hour 0.9 6 0.5 2.7 6 2.1 20,517.7 6 8712.4 18.7 6 13.8 21.2 6 8.3 10.0 6 3.1
P value .002 .058 .000 .019 .054 .909

LR-PRP
0-hour 0.3 6 0.2 2.6 6 4.2 0.4 6 0.8 0 6 0 91.2 6 73.9 6.1 6 2.6
96-hour 1.53 6 0.9 3.0 6 3.8 32,097.8 6 22,844.3 2.6 6 3.4 35.5 6 17.4 3.4 6 1.9
P value .013 .847 .016 .154 .022 .041

RBC
0-hour 0.3 6 0.5 0 6 0 0 6 0 0 6 0 31.4 6 37.0 1.5 6 0.5
96-hour 0.6 6 0.6 0.3 6 1.0 6794.5 6 5027.5 0 6 0 64.3 6 23.0 1.6 6 0.6
P value .348 .582 .019 NA .050 .794

aLevels of interleukin (IL)–1b, IL-4, IL-6, IL-10, interferon (IFN)–g, and tumor necrosis factor (TNF)–a at baseline and 96 hours for platelet-
poor plasma (PPP), leukocyte-poor (LP)–platelet-rich plasma (PRP), leukocyte-rich (LR)–PRP, and red blood cells (RBCs). Bolded values indi-
cate statistically significant difference (P � .05). NA indicates no statistical tests were performed because concentration was 0 at both time
points.

C
el

l D
ea

th
 (%

)

0

5

10

15

20

25

PBBS PPP

Treatment Group

LP-PRP LR-PRP RBC

Figure 1. Average synoviocyte death for each condition after
96 hours of cell culture. Red blood cell treatment resulted in
significantly greater cell death compared with all other cul-
ture conditions (P \ .001). LR, leukocyte rich; LP, leukocyte
poor; PBS, phosphate-buffered saline; PPP, platelet-poor
plasma; PRP, platelet-rich plasma; RBC, red blood cell.

4 Braun et al The American Journal of Sports Medicine

 by guest on March 24, 2014ajs.sagepub.comDownloaded from 

http://ajs.sagepub.com/
http://ajs.sagepub.com/


homeostatic role via the production of the extracellular
matrix and secretion of hyaluronan and lubricin.14,15,25

Fibroblast-like synoviocytes can be activated (injured)
through a variety of pathways, including stimulation by
cytokines, chemokines, growth factors, and bioactive lipids
produced by infiltrating leukocytes or other FLS.27 Activa-
tion overrides the homeostatic function of FLS and instead
promotes the production of proinflammatory mediators
and degradative enzymes. Downstream effects of activa-
tion include synovial hyperplasia, increased synthesis of
proinflammatory mediators, and destruction of cartilage
extracellular matrix.27

Platelet-rich plasma is commonly injected into tendons
and ligaments in the upper and lower extremities, but
intra-articular injections of PRP have been relatively lim-
ited to the treatment of knee osteoarthritis (OA). In the
past 5 years, clinical studies have demonstrated conflicting
results on the efficacy of PRP for treatment of OA.§ Older,
nonrandomized controlled trials consistently reported sig-
nificant improvements in clinical pain and function meas-
urements after multiple intra-articular injections of
PRP.9,12,21,22,31,32,39 While these results initially appeared
encouraging, many of these studies did not account for,
or document, the leukocyte or erthryocyte concentrations
of PRP preparations.

Recent work from 2012 and 2013 has increasingly
emphasized the importance of characterizing the contents
of PRP formulations. The findings in our basic science
study that LR-PRP resulted in significantly greater cell
death and synoviocyte activation compared with LP-PRP
are relevant when choosing clinical treatments for intra-
articular lesions. All 4 major proinflammatory cytokines
(IL-1b, IL-6, IFN-g, and TNF-a) were significantly
increased in synoviocyte cultures treated with LR-PRP
(Table 4). In addition to the significant postinjection pain
reported after intra-articular LR-PRP treatment,22 it is
established that these cytokines incite and perpetuate
inflammation and contribute to subsequent cartilage deg-
radation5,40 and, most significantly, that overexpression
of TNF-a, IL-1b, and IL-6 is sufficient to induce arthri-
tis.1,17,20 Furthermore, LR-PRP and LP-PRP caused a sig-
nificant production of the anti-inflammatory mediator
IL-4, with LP-PRP causing the greatest amount of IL-4
and a significantly greater amount of IL-10. Both IL-4
and IL-10 are potent anti-inflammatory mediators that
individually and synergistically reduce the production of
IL-1b and TNF-a.41,42 The results of the present study,
in the context of previous clinical and basic science find-
ings, support a transition away from LR-PRP and toward
LP-PRP in the clinical context for intra-articular use; LP-
PRP activates fewer proinflammatory cytokines and more
anti-inflammatory cytokines while still delivering an
increased concentration of platelets to the site of injury.

An additional pertinent finding is the deleterious effect
of RBCs on the synovium. Hemarthrosis is observed in
.90% of patients with joint trauma who have surgically
significant intra-articular lesions,6 and it has been

postulated that the presence of intra-articular blood may
induce cartilage damage directly via iron-catalyzed forma-
tion of reactive oxygen species16,29,30,36 and indirectly via
hemosiderin-induced activation of the synovium.26,38 The
results of our study indicate that synoviocytes are not
only killed by RBCs but also stimulated to release catabolic
mediators such as IFN-g and members of the IL-1 family.
In posttraumatic OA specifically, increased levels of IL-1,
IL-6, and TNF-a correlate with the severity of cartilage
damage and inflammatory response after acute
injury.5,8,18,23,40 Furthermore, multiple studies have dem-
onstrated that administration of IL-4 and IL-10 can protect
against blood-induced joint injury.41,42 The synoviocytes
treated with RBC concentrate in our study did not produce
a significant amount of either of these anti-inflammatory
mediators. In LR-PRP– and LP-PRP–treated groups,
where cell death was less extensive than in the RBC-
treated group, IL-4 and IL-10 production increased in
response to the insult. Our findings, in conjunction with
the established pathways of intra-articular inflammation
and degradation, indicate that the presence of RBCs may
lead to degenerative changes within the joint through the
death of synoviocytes, the direct increase of catabolic medi-
ators, and the failure to respond with increased levels of
crucial anti-inflammatory mediators. It appears that
caution should be taken to avoid administering RBCs
intra-articularly, which may have implications for clinical
treatments such as PRP injection, microfracture, and
timely aspiration after joint trauma.

There are several limitations of this study. First, mono-
layer synoviocytes were analyzed instead of intact synovial
specimens. An intact tissue specimen, which would be
present in vivo, may afford some protection to the cells
that was not appreciated in this investigation. Second,
this in vitro model is not equivalent to in vivo conditions;
our design could only approximate the true joint environ-
ment. Finally, samples were analyzed at a single time
point (96 hours), and further studies may reveal different
effects at both earlier and later time points. Despite
these limitations, our results provide evidence that intra-
articular administration of blood products containing a con-
centrated amount of leukocytes or RBCs may be toxic to
synoviocytes and should be used with caution. These find-
ings further underscore the need to exercise caution when
administering any substance intra-articularly.

TABLE 4
Blood Product Cytokinesa

IL-1b IL-6 IFN-g TNF-a IL-4 IL-10

PPP 1 1

LP-PRP 1 1 1

LR-PRP 1 1 1 1 1

RBC 1

aComparison of cytokine concentration versus phosphate-
buffered saline (PBS) control. 1Significantly greater than PBS
control (P \ .05). IFN, interferon; IL, interleukin; LR, leukocyte
rich; LP, leukocyte poor; PPP, platelet-poor plasma; PRP, platelet-
rich plasma; RBC, red blood cell; TNF, tumor necrosis factor.

§References 9, 10, 12, 13, 19, 21, 22, 28, 31, 32, 35, 37, 39.
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CONCLUSION

The results of this study demonstrate that LR-PRP and
RBCs are particularly cytotoxic to synoviocytes. Both
treatments resulted in significant synoviocyte death com-
pared with LP-PRP, PPP, and PBS. LR-PRP treatment
caused a significant increase in proinflammatory cytokines
IL-1b and IL-6, while RBC treatment caused significant
production of IFN-g and LP-PRP treatment caused signif-
icant production of TNF-a. These results appear to suggest
that the interaction of either (a) polymorphonuclear WBCs
or (b) erythrocytes with synoviocytes results in cell activa-
tion, release of proinflammatory mediators, or death.
Whether due to an injection of LR-PRP or an intra-
articular joint bleed (RBCs), it is important to recognize
that these substances may activate inflammation and
lead to synovial injury.

REFERENCES

1. Atsumi T, Ishihara K, Kamimura D, et al. A point mutation of Tyr-759

in interleukin 6 family cytokine receptor subunit gp130 causes auto-

immune arthritis. J Exp Med. 2002;196(7):979-990.

2. Barrett SL, Erredge SE. Growth factors for chronic plantar fasciitis.

Podiatry Today. 2004;17:37-42.

3. Berghoff WJ, Pietrzak WS, Rhodes RD. Platelet-rich plasma applica-

tion during closure following total knee arthroplasty. Orthopedics.

2006;29(7):590-598.

4. Browning SR, Weiser AM, Woolf N, et al. Platelet-rich plasma

increases matrix metalloproteinases in cultures of human synovial

fibroblasts. J Bone Joint Surg Am. 2012;94(23):e1721-e1727.

5. Chandrasekhar S, Harvey AK, Hrubey PS. Intra-articular administra-

tion of interleukin-1 causes prolonged suppression of cartilage pro-

teoglycan synthesis in rats. Matrix. 1992;12(1):1-10.

6. DeHaven KE. Diagnosis of acute knee injuries with hemarthrosis. Am

J Sports Med. 1980;8(1):9-14.

7. Dragoo JL, Braun HJ, Durham JL, et al. Comparison of the acute inflam-

matory response of two commercial platelet-rich plasma systems in

healthy rabbit tendons. Am J Sports Med. 2012;40(6):1274-1281.

8. Elsaid KA, Fleming BC, Oksendahl HL, et al. Decreased lubricin con-

centrations and markers of joint inflammation in the synovial fluid of

patients with anterior cruciate ligament injury. Arthritis Rheum.

2008;58(6):1707-1715.

9. Filardo G, Kon E, Buda R, et al. Platelet-rich plasma intra-articular

knee injections for the treatment of degenerative cartilage lesions

and osteoarthritis. Knee Surg Sports Traumatol Arthrosc.

2011;19(4):528-535.

10. Filardo G, Kon E, Di Martino A, et al. Platelet-rich plasma vs hyalur-

onic acid to treat knee degenerative pathology: study design and

preliminary results of a randomized controlled trial. BMC Musculos-

kelet Disord. 2012;13:229.

11. Gardner MJ, Demetrakopoulos D, Klepchick PR, Mooar PA. The effi-

cacy of autologous platelet gel in pain control and blood loss in total

knee arthroplasty: an analysis of the haemoglobin, narcotic require-

ment and range of motion. Int Orthop. 2007;31(3):309-313.

12. Gobbi A, Karnatzikos G, Mahajan V, Malchira S. Platelet-rich plasma

treatment in symptomatic patients with knee osteoarthritis: prelimi-

nary results in a group of active patients. Sports Health.

2012;4(2):162-172.

13. Halpern B, Chaudhury S, Rodeo SA, et al. Clinical and MRI outcomes

after platelet-rich plasma treatment for knee osteoarthritis. Clin J

Sport Med. 2013;23(3):238-239.

14. Helder AE, Feltkamp-Vroom TM, Nienhuis RL. Electron and light

microscopical observations and serological findings in rheumatoid

arthritis. Ann Rheum Dis. 1973;32(6):515-523.

15. Henderson B, Pettipher ER. The synovial lining cell: biology and

pathobiology. Semin Arthritis Rheum. 1985;15(1):1-32.

16. Hooiveld M, Roosendaal G, Vianen M, van den Berg M, Bijlsma J,

Lafeber F. Blood-induced joint damage: long-term effects in vitro

and in vivo. J Rheumatol. 2003;30(2):339-344.

17. Horai R, Saijo S, Tanioka H, et al. Development of chronic inflamma-

tory arthropathy resembling rheumatoid arthritis in interleukin 1

receptor antagonist-deficient mice. J Exp Med. 2000;191(2):313-320.

18. Irie K, Uchiyama E, Iwaso H. Intraarticular inflammatory cytokines in

acute anterior cruciate ligament injured knee. Knee. 2003;10(1):93-

96.

19. Jang SJ, Kim JD, Cha SS. Platelet-rich plasma (PRP) injections as an

effective treatment for early osteoarthritis. Eur J Orthop Surg Trauma-

tol. 2013;23(5):573-580.

20. Keffer J, Probert L, Cazlaris H, et al. Transgenic mice expressing

human tumour necrosis factor: a predictive genetic model of arthritis.

EMBO J. 1991;10(13):4025-4031.

21. Kon E, Buda R, Filardo G, et al. Platelet-rich plasma: intra-articular

knee injections produced favorable results on degenerative cartilage

lesions. Knee Surg Sports Traumatol Arthrosc. 2010;18(4):472-479.

22. Kon E, Mandelbaum B, Buda R, et al. Platelet-rich plasma intra-artic-

ular injection versus hyaluronic acid viscosupplementation as treat-

ments for cartilage pathology: from early degeneration to

osteoarthritis. Arthroscopy. 2011;27(11):1490-1501.

23. Marks PH, Donaldson ML. Inflammatory cytokine profiles associated

with chondral damage in the anterior cruciate ligament–deficient

knee. Arthroscopy. 2005;21(11):1342-1347.

24. Mishra A, Pavelko T. Treatment of chronic elbow tendinosis with

buffered platelet-rich plasma. Am J Sports Med. 2006;34(11):1774-

1778.

25. Mor A, Abramson SB, Pillinger MH. The fibroblast-like synovial cell in

rheumatoid arthritis: a key player in inflammation and joint destruc-

tion. Clin Immunol. 2005;115(2):118-128.

26. Morris CJ, Blake DR, Wainwright AC, Steven MM. Relationship

between iron deposits and tissue damage in the synovium: an ultra-

structural study. Ann Rheum Dis. 1986;45(1):21-26.

27. Noss EH, Brenner MB. The role and therapeutic implications of fibro-

blast-like synoviocytes in inflammation and cartilage erosion in rheu-

matoid arthritis. Immunol Rev. 2008;223:252-270.

28. Patel S, Dhillon MS, Aggarwal S, Marwaha N, Jain A. Treatment with

platelet-rich plasma is more effective than placebo for knee osteoar-

thritis: a prospective, double-blind, randomized trial. Am J Sports

Med. 2013;41(2):356-364.

29. Roosendaal G, Vianen ME, Marx JJ, van den Berg HM, Lafeber FP,

Bijlsma JW. Blood-induced joint damage: a human in vitro study.

Arthritis Rheum. 1999;42(5):1025-1032.

30. Roosendaal G, Vianen ME, van den Berg HM, Lafeber FP, Bijlsma

JW. Cartilage damage as a result of hemarthrosis in a human in vitro

model. J Rheumatol. 1997;24(7):1350-1354.

31. Sampson S, Reed M, Silvers H, Meng M, Mandelbaum B. Injection of

platelet-rich plasma in patients with primary and secondary knee

osteoarthritis: a pilot study. Am J Phys Med Rehabil.

2010;89(12):961-969.

32. Sanchez M, Anitua E, Azofra J, Aguirre JJ, Andia I. Intra-articular

injection of an autologous preparation rich in growth factors for the

treatment of knee OA: a retrospective cohort study. Clin Exp Rheu-

matol. 2008;26(5):910-913.

33. Scioli M. Treatment of recalcitrant enthesopathy of the hip with plate-

let rich plasma—a report of three cases. Clin Orthop Soc News.

2006;(Spring):6-7.

34. Smyth NA, Murawski CD, Fortier LA, Cole BJ, Kennedy JG. Platelet-

rich plasma in the pathologic processes of cartilage: review of basic

science evidence. Arthroscopy. 2013;29(8):1399-1409.

6 Braun et al The American Journal of Sports Medicine

 by guest on March 24, 2014ajs.sagepub.comDownloaded from 

http://ajs.sagepub.com/
http://ajs.sagepub.com/


35. Spakova T, Rosocha J, Lacko M, Harvanova D, Gharaibeh A. Treat-

ment of knee joint osteoarthritis with autologous platelet-rich plasma

in comparison with hyaluronic acid. Am J Phys Med Rehabil.

2012;91:411-417.

36. Stein H, Duthie RB. The pathogenesis of chronic haemophilic

arthropathy. J Bone Joint Surg Br. 1981;63(4):601-609.

37. Torrero JI, Aroles F, Ferrer D. Treatment of knee chondropathy with

platelet rich plasma: preliminary results at 6 months of follow-up

with only one injection. J Biol Regul Homeost Agents.

2012;26(2)(suppl 1):71S-78S.

38. Valentino LA, Hakobyan N, Kazarian T, Jabbar KJ, Jabbar AA. Experi-

mental haemophilic synovitis: rationale and development of a murine

model of human factor VIII deficiency. Haemophilia. 2004;10(3):280-287.

39. van Buul GM, Koevoet WL, Kops N, et al. Platelet-rich plasma relea-

sate inhibits inflammatory processes in osteoarthritic chondrocytes.

Am J Sports Med. 2011;39(11):2362-2370.

40. van den Berg WB, Joosten LA, van de Loo FA. TNF alpha and IL-1

beta are separate targets in chronic arthritis. Clin Exp Rheumatol.

1999;17(6)(suppl 18):S105-S114.

41. van Meegeren ME, Roosendaal G, Coeleveld K, Nieuwenhuizen L,

Mastbergen SC, Lafeber FP. A single intra-articular injection with

IL-4 plus IL-10 ameliorates blood-induced cartilage degeneration in

haemophilic mice. Br J Haematol. 2013;160(4):515-520.

42. van Meegeren ME, Roosendaal G, Jansen NW, et al. IL-4 alone and

in combination with IL-10 protects against blood-induced cartilage

damage. Osteoarthritis Cartilage. 2012;20(7):764-772.

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav

Vol. XX, No. X, XXXX Effect of PRP on Synoviocytes 7

 by guest on March 24, 2014ajs.sagepub.comDownloaded from 

http://ajs.sagepub.com/
http://ajs.sagepub.com/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMR8
    /CMSY10
    /CMSY8
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /EurostileLTStd-Demi
    /EurostileLTStd-DemiOblique
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /FreestyleScript
    /Freestylescript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /UniversLTStd-Black
    /UniversLTStd-BlackObl
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /DAN <>
    /DEU <>
    /ENU (Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v6.0 08/06/03.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /NLD <>
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


