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The Science Behind the “Stain”

It has been almost fi ve years 
since I fi rst published the 
article entitled “Much Ado 

About Staining” in Review of 
Optometry, which explored what 
we really knew in 2006 about the 
relationship between “corneal 
staining” and contact lens mul-
tipurpose solutions (MPS). This 
was published just prior to the 
controversial “staining grid.” While 
the Grid showed MPS-associated 
hyperfl uorescence under the slit-
lamp at two hours, it did not ex-
plain the “what” or “why” behind 
it; even so, many proponents of 
the Grid continue to suggest that 
it shows us which solution/lens 
combinations are “biocompatible” 
and which are not. New evidence 
suggests that the preservative-asso-
ciated transient hyperfl uorescence 
(or PATH) observed at two hours 
after lens insertion is a benign 
phenomenon due to an interac-
tion between fl uorescein, MPS 
preservatives, and corneal cell 
membranes. The misinterpretation 
of PATH as “real” corneal staining, 
like that observed in pathological 
conditions, may be due in part 
to the fact that there is not a lot 
of teaching regarding the true 
properties of fl uorescein and what 
is actually occurring when we see 
either PATH or corneal staining. 

To discuss the science of fl uores-
cein, corneal staining, and PATH, I 
have asked some of the preeminent 
research experts in the study of 
fl uorescence spectroscopy and cor-
neal staining from around the world 
to share their new research and 
personal opinions on these topics.

Moderator: 
Paul Karpecki, OD, FAAO

Paul Karpecki, OD, FAAO, graduated from Indiana University and completed 
a fellowship in Cornea and Refractive Surgery at Hunkeler Eye Centers in 
affi liation with the Pennsylvania College of Optometry in 1994.  He currently 
works at the Koffl er Vision Group in Cornea services and Ocular Disease Re-
search. Dr. Karpecki is the current Chair of the Refractive Surgery Advisory 
Board to the AOA, Chair of the ASCRS Task Force on the Integrated Eyecare 

Delivery System and serves on the AOA Congress Education Committee.  A noted educator 
and author, Dr. Karpecki presently serves on eight professional journal editorial boards.

Frank Bright, BS, PhD, is the A. Conger Goodyear Chair in Chemistry and 
State University of New York & University of Buffalo Distinguished Professor 
of Chemistry and an expert in fl uorescence spectroscopy.  Professor Bright 
has co-authored more than 300 peer reviewed journal publications, deliv-
ered over 800 conference and university lectures, and holds 11 issued U.S. 
patents.  He has served on numerous advisory and journal editorial boards. 

He has been awarded the 3M Non-Tenured Faculty Award (1988-‘91), the Eastern New York 
American Chemical Society Buck-Whitney Medal (1999), the SUNY Chancellor’s Award for 
Excellence in Teaching (2000), the New York Section of the Society for Applied Spectroscopy 
Gold Medal (2003), the Akron Section Award of the American Chemical Society (2003), the 
A.A. Benedetti-Pichler Award in Microchemistry from the American Microchemical Society 
(2005), the Jacob F. Schoellkopf Medal of the Western New York American Chemical Society 
(2006), and was elected a Society for Applied Spectroscopy Fellow (2010).

Nathan Efron, BScOptom, PhD, DSc, FAAO(Dip CCLRT), FCCLSA, FBCLA, 
FIACLE, FACO, is Research Professor in the Institute of Health and Biomedi-
cal Innovation at the Queensland University of Technology, and holds a joint 
appointment in the School of Optometry. He has served as president of both 
the Contact Lens Society of Australia (1981) and the British Contact Lens As-
sociation (1997). He lectures extensively worldwide, particularly in the fi eld 

of the ocular response to contact lens wear, and has published over 700 scientifi c papers, 
abstracts and textbook chapters, and has written/edited six books—his most recent is 
“Contact Lens Practice,” 2nd Edition (Butterworth-Heinemann, 2010). He has won numerous 
research awards, including the BCLA Gold Medal (2001) and American Academy of Optom-
etry’s Glenn Fry Award (2010). Professor Efron has a special interest in the clinical recording 
of corneal staining and has developed a validated pictorial grading system for this purpose 
which has been distributed worldwide.
 
Philip Morgan, BSc, PhD, MCOptom, FAAO, is director of Eurolens Research at The 

University of Manchester where he is a senior lecturer and program director 
for optometry. Dr. Morgan is a vice president of the International Society 
for Contact Lens Research and secretary of the International Association of 
Contact Lens Educators. He is an honorary member of the Association of 
Contact Lens Manufacturers, a Fellow of the American Academy of Optom-
etry and the British Contact Lens Association and a member of the College 

of Optometrists. He has authored over 160 papers, primarily relating to contact lens clinical 
performance and the nature of international contact lens markets. Dr. Morgan is currently 
undertaking research into mechanisms of corneal staining and has recently authored a 
review article on this important topic.
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Section 1: Understanding 

Fluorescein

Dr. Karpecki: Dr. Bright, as this is your 
fi eld of study, can you share some of 
your knowledge about fl uorescein and 
its properties with us?

Dr. Bright: My fi rst publication 
in graduate school was on fl uores-
cein. You might say I am where I am 
because of, or in spite of, my initial 
experience with fl uorescein.

Fluorescein is a molecule not found 
in nature. Fluorescein, originally 
synthesized in 1871 by von Bayer, is a 
fl uorescent molecule commonly used 
for geological tracer studies, in foren-
sic science and as a label in cellular 
and molecular biology.1-4 In the op-
tometry and ophthalmology literature, 
one can trace clinical fl uorescein use 
back to the 1880s.5    

If you are willing to indulge the 
chemist in me, I’ll share some of the 
fi ner points about fl uorescein.  In 
aqueous media, fl uorescein exhibits 
well-understood hydrolytic equilibria 
(pK1 = 2.08, pK2 = 4.31, and pK3 = 
6.43) and it can exist in cationic (one 
positive charge), neutral, anionic (one 
negative charge), and dianionic (two 
negative charges) forms depending 
on the solution pH.6 Both negatively 
charged states of fl uorescein emit fl uo-
rescence, though the dianionic state is 
the more luminous of the two. Under 
the pH conditions encountered within 
the human pre-corneal tear fi lm (pH = 
7.8 ± 0.1), the most prevalent fl uores-
cent form of fl uorescein is the dianion 
(FL2-), at approximately 80% dianion 
to 20% anion.7 Fluorescein absorbs 
light between 450 and 500 nm and 
fl uoresces between 500 and 600 nm.8,9

Traditionally, we are taught that 
the fl uorescence intensity is directly 
proportional to the concentration of 
the fl uorescing species. This turns out 
to be a major oversimplifi cation that is 
highlighted by, as it turns out, fl uo-
rescein. Specifi cally, how luminescent 
fl uorescein is depends strongly on its 

local concentration and on the local 
pH. By “local” I mean the immediate 
environment surrounding the fl uores-
cein molecule. As the pH surround-
ing fl uorescein decreases, there is a 
dramatic decrease in the amount of 
luminescence observed because the 
anionic form gives off less fl uorescence 
than the dianionic form.6,7,9  Thus, if 
you have equal numbers of fl uorescein 
molecules reporting from environ-
ments at pH 7.5 and 6.0, the fl uores-
cence you will see from the pH 6.0 
range (10% dianions/ 90% anions) will 
be signifi cantly less bright versus the 
fl uorescence from the pH 7.5 range 
(75% dianions/ 25% anions).  

Because fl uorescein exhibits a small 
difference between its absorbance and 
emission spectrum, they overlap to 
a signifi cant degree, thus, if the local 
fl uorescein concentration becomes 
too high, the fl uorescein emission 
can undergo self-quenching and the 
emission actually decreases as the 
fl uorescein concentration increases.  
In an extreme case, one measures low 
fl uorescence intensity and the local 
concentration of fl uorescent species is 
actually quite high as is evidenced by 
the fl uorescence actually increasing as 
the sample is diluted to a point where 
the luminescence then decreases 
linearly as the sample concentration is 
further diluted. This is the exact op-
posite of what intuition tells you and it 
can lead to obvious misinterpretation 
of experimental data.

Dr. Karpecki: How specifi c is fl uores-
cein? Is it a “molecular probe,” that is, 
a group of molecules that attaches to 
another molecule or cellular structure 
used to study their properties? 

Dr. Bright: This is a fascinating ques-
tion, and it points to the misguided 
view of fl uorescein being a molecular 
probe. In most molecular target-
ing experiments, a molecular probe 
is one or more fl uorescein reporter 
molecules covalently (permanently) 
attached to a molecule, such as an 

antibody, enzyme, DNA, or RNA, that 
targets a specifi c cellular or extracellu-
lar component, not the fl uorescein.10-13 

Although fl uorescein is widely used 
in clinical practice and research to 
evaluate the ocular surface, some 
individuals try to infer molecular-level 
changes of cellular components. I fi nd 
this extremely surprising given that 
fl uorescein by itself is not a bona-fi de 
molecular probe. In the fl uorescence 
spectroscopy community where I 
come from, fl uorescein is a label (a 
molecule that allows for detection/
localization of the probe to which it is 
attached), not a probe.14 This fact is 
one reason I was drawn to the desire 
of many in the optometric community 
to determine the hard science behind 
the MPS-associated “corneal staining” 
phenomena.   

Dr. Karpecki: Dr. Efron and Dr. Mor-
gan, do you feel that the optometric 
community is aware of the properties 
of fl uorescein and how it affects their 
observations?

Dr. Morgan: The use of fl uorescein to 
demonstrate apparent abnormality at 
the ocular surface is very long-standing 
and its use pre-dates all living eye care 
practitioners. Perhaps because of its 
history, little modern day attention is 
given to its physiochemical properties 
and the underlying mechanisms be-
hind its interaction with the tissues at 
the ocular surface. In fact, surprisingly 
little fundamental research is available 
in the literature, and I think it is fair 
to say that we tend to rely on assump-
tion, intuition and extrapolation when 
considering the clinical impact of 
fl uorescein staining rather than basing 
decisions on hard evidence.  

Dr. Efron: Contact lens practitioners 
have long been using fl uorescein to 
assess the fi tting of rigid lenses in addi-
tion to assessing ocular health.  In fact, 
the fi rst recorded use of fl uorescein 
in contact lens practice can be traced 
back to the early 1960s. However, as 
mentioned by Dr. Morgan, despite 
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being very familiar with this staining 
compound, little attention has been 
paid to understanding its physicochem-
ical properties, and how this translates 
to an interpretation of what is actually 
happening when we see “fl uorescein 
staining.” In the modern age, the cut-
ting edge of developments in biomedi-
cal science occurs at the interface of 
different disciplines. In this regard, I 
believe we are fortunate to have the 
input from Dr. Bright—a renowned 
chemist who has vast expertise in the 
chemical properties and behavior of 
fl uorescent molecules. Translating his 
understanding and knowledge in this 
area will undoubtedly assist ophthalmic 
clinicians in gaining a better appre-
ciation of what “fl uorescein staining” 
really represents.

Dr. Karpecki: From my experience, 
I agree that eye care practitioners, 
including myself, were not aware of 
fl uorescein’s properties and how these 
properties affect what is seen under 
the slit-lamp. I think, because it is a 
quick and easy test that can be done 
in almost any offi ce, eyecare practitio-
ners (ECPs) simply look at what they 
are observing rather than seeking to 
understand what it actually represents. 
Working with people who have dry 
eye, you learn that it is essential to 
understand how a test works and what 
affects the results and why, in order to 
properly diagnose these patients since 
many test results are often counterin-
tuitive and fl uorescein testing is one 
of them. For instance, it is not uncom-
mon for one of my dry eye patients to 
present with complaints of signifi cant 
symptoms such as burning, gritti-
ness or scratchiness, without corneal 
staining or other clinical signs such as 
conjunctival hyperemia, reduced tear 
break-up time, or conjunctival staining. 
At the other end of the spectrum, some 
patients may claim that they’re virtu-
ally symptom-free, yet, when you look 
under the slit-lamp, they light up like a 
Christmas tree with signifi cant corneal 

and conjunctival staining.
Dr. Karpecki: Based on fl uorescein’s 

properties, do you feel it is a reliable 
diagnostic test?

Dr. Morgan: I believe that in many 
situations, fl uorescein staining does 
indicate the presence of some sort of 
‘defect’ at the ocular surface, such as 
that observed in foreign body stain-
ing, where one can actually see the 
trajectory the foreign object traveled 
across the cornea and caused mechani-
cal damage to the corneal epithelium. 
However, precisely what is being 
‘stained’ is not currently clear, since it 
is unknown what fl uorescein actually 
binds to within the cornea or in corneal 
cells and may differ based on the cause 
of the hyperfl uorescence.15 In some 
clinical situations, this may be of no im-
portance in that appropriate decisions 
can be made without a full understand-
ing of the relationship between fl uores-
cein and the ocular surface. At other 
times—with “solution-induced stain-
ing” perhaps—a better understanding 
as to the underlying mechanisms would 
be useful to aid in optimum patient 
management. This is why research is 
ongoing to delineate the etiology of the 
increased hyperfl uorescence observed 
in users of MPS.

Dr. Efron: Fluorescein has some 
limitations, as will be discussed in this 
forum, but it has the advantage of be-
ing inexpensive, readily available and 
physiologically inert (i.e., non-toxic to 
the eye) in the majority of individuals.  
It is capable of revealing disruptions to 
corneal integrity. However, high levels 
of hyperfl uorescence can occur at cer-
tain time points when used in contact 
lens wearers using certain preservative-
based solutions, which can result in a 
bright signal that may be misinterpret-
ed as corneal compromise. So, used 
properly, and with a good understand-
ing of fl uorescein’s physicochemical 
properties, fl uorescein will continue to 
have an important role in ophthalmic 
practice. For example, complications 
such as superior epithelial arcuate le-

sions or SEALs can only be diagnosed 
based on their characteristic corneal 
staining pattern.

Dr. Bright: I think the utility of 
fl uorescein is clear given the fact that 
people in very disparate disciplines also 
use the exact same “fl uorescein” for 
doing things far different than the as-
sessment of corneal health. I think that 
the possibility for misinterpreting the 
fl uorescence from a non-molecular, al-
beit strongly and conveniently emitting 
fl uorescent molecule like fl uorescein, is 
something the ophthalmic community 
should consider very deeply.

Dr. Karpecki: Because of the limita-
tions of fl uorescein staining, I do 
not use it alone in diagnosis. When I 
do perform ocular surface staining, 
I always use it in combination with 
lissamine green or after osmolarity test-
ing for example. With the addition of 
lissamine green, I can assess the entire 
surface of the eye and not only the 
cornea. The results are analyzed within 
the context of the other fi ndings from 
the patient’s history and exam. Most of-
ten, the use of fl uorescein dye by itself 
does not give enough information for 
an accurate diagnosis or gives results 
that can be misinterpreted.

Section 2: Fluorescein 

and Preservative Interac-

tions: Cause and Eff ect

Dr. Karpecki: Dr. Bright, can you tell 
us about your ongoing research into 
the molecular basis of PATH?

Dr. Bright: Uptake of MPS preserva-
tive agents, such as polyhexamethylene 
biguanide hydrochloride (PHMB), 
polyquaternium-1 (PQ-1), alexidine, 
and myristamidopropyl dimethylamine 
(MAPD) known by the trademark 
name Aldox (Alcon, Inc.), by the 
contact lenses has been hypothesized 
as the root cause of transient corneal 
hyperfl uorescence associated with 
MPS.16

With this as our starting point we 
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began our research by asking some 
simple questions including:

• What is the extent and time course 
of preservative agent uptake by and 
release from contact lenses?

• What are the basic properties of 
fl uorescein (FL) and commonly used 
MPS preservative agents, such as 
PHMB and PQ-1?

•  Is there an association between 
FL and PHMB and/or PQ-1?

• Do FL, PHMB, and/or PQ-1 as-
sociate with the corneal epithelial cell 
surface? And if so, what is the impact?

• If FL doesn’t associate with corne-
al epithelium components, do PHMB 
and/or PQ-1 mediate FL association 
with the corneal epithelium?

Using data from Powell et al. on 
PHMB and Aldox release from a bala-
fi lcon A contact lens, we plotted the 
release rate at each time point on the 
same graph (rather than the cumula-
tive concentrations graphed in the 
paper).16 The results shown in Figure 
1 have several interesting features. 
First, preservatives are taken up and 
released by contact lenses. Second, 
uptake and release are based on the 
specifi c properties of the contact lens 
material and the preservative’s proper-
ties.  Third, the peak Aldox concentra-

tion released from the lens is approxi-
mately 20-fold greater compared with 
PHMB peak concentration release 
from lenses.   Finally, the Aldox 
concentration peak occurs within 30 
minutes, while the PHMB concentra-
tion peaks within two hours. If the 
hypothesis is correct and preservative 
uptake and release by lenses is the 
basis for the transient hyperfl uores-
cence phenomenon, which I believe it 
is, then these results point directly to a 
possible artifact of using a single time 
point measurement, such as two hours 
post-lens insertion for assessment. 
You run the risk of missing something 
if you only look earlier or later. The 
problems of single time point mea-
surements are well known in my com-
munity and for this very reason, we 
have the entire fi elds of kinetics and 
time-resolved measurements. 

Earlier, I mentioned that fl uorescein 
is in large measure a dianion (i.e., FL2-) 
at the ocular surface pH.  Interest-
ingly, PHMB and PQ-1 exist as cations 
under the same pH conditions.17-19 It 
is well known that molecules of op-
posite charge tend to be attracted to 
one another. So the positively charged 
PHMB and PQ-1 may associate with 
negatively charged FL.    

To determine if FL associates with 
PHMB or PQ-1, we used a technique 
called fl uorescence anisotropy that is 
commonly used in my fi eld to deter-
mine whether there is an association 
between molecules and quantify the 
strength of the association.20, 21 For 
those who may not be familiar with 
fl uorescence anisotropy, it measures 
the rate at which molecules rotate or 
“tumble” as they are constantly mov-
ing. The smaller a molecule is, the 
faster it rotates. Molecules rotating 
more slowly show higher fl uorescence 
anisotropy and smaller more quickly 
rotating objects show lower fl uores-
cence anisotropy. When two molecules 
interact, they act as one larger unit 
rather than two separate units, so the 
anisotropy goes up. Since these are 
equilibrium reactions, the stronger the 
association, the greater the number 
of molecules interacting at one time 
leading to higher levels of fl uorescence 
anisotropy.  

Figure 2 presents the binding curves 
of FL to PHMB and PQ-1 at body 
temperature (37 °C). At the pH and 
osmolarity similar to the human tear 
fi lm, free FL clearly interacts with 
both preservatives. However, FL’s as-
sociation is at least an order-of-magni-
tude stronger to PHMB in comparison 
to PQ-1 (p <0.0001). Also, though not 

Figure 1. Aldox (+) and PHMB (O) concentration at the corneal epithelial cell sur-
face based on release data from Powell et al (balafi lcon A contact lens [CL]) over 
time.16  Volume between CL and corneal surface = 3 µL.  Tear fi lm clearing rate = 11-13 µL/h.

Figure 2. Binding equilibrium curves (37 °C) for fl uorescein (FL) with 
PHMB and PQ-1 at pH 7.5.  Both preservative agents bind FL; PHMB 
binds to FL an order-of-magnitude more strongly in comparison to 
PQ-1.

000_10_11_B+L Stain-1.indd   5000_10_11_B+L Stain-1.indd   5 9/26/11   4:27 PM9/26/11   4:27 PM



The Science Behind the Stain

October 15, 2011 • Review of Optometry6

shown, FL’s attraction for PHMB can 
be up to 50x stronger in comparison to 
PQ-1. 

We were also interested in whether 
fl uorescein, PHMB, and/or PQ-1 as-
sociate with corneal cell membranes 
and further to understand if they 
disrupt these corneal cell membranes. 
To determine this, we used liposomes, 
which are well-established tools that 
have been used for decades to study 
a wide range of complex biological 
issues with molecular-level detail and 
insight.21-27 Since the composition of 
the corneal cell membrane is very 
complex, we needed to simplify the 
system if we were going to determine 
what fl uorescein, PHMB, and/or PQ-1 
is binding to, if they bind at all. Since 
previous researchers have already 
shown that PHMB can bind to certain 
phospholipids, using liposomes was a 
good starting point. Fortunately for us, 
the phospholipid composition of the 
human corneal epithelium has already 
been determined.24, 28  This allowed us 
to create a relevant liposomal model 
composed of the major components 

of the human cornea to accurately 
assess the cellular- and molecular-level 
interactions of preservatives with the 
superfi cial surface of the corneal epi-

thelial cell membrane.
Figure 3 presents the interac-

tion (or lack therof) of free FL and 
fl uorescein-labeled PHMB (FL-
PHMB) in the presence of two lipo-
some types, one a Control (C) and 
the other a human corneal epithelial 
cell mimic (HCECM). As I previ-
ously stated, FL is smaller than a 
FL-PHMB complex, and therefore 
has a lower level of fl uorescence 
anisotropy as seen by the difference 
in the black bars. The data shows 
two key points. First, free FL does 
not associate with either liposome. 
Second, FL-PHMB associates with 
both liposome types (p < 0.001).  

To assess the impact of PHMB 
and perhaps PQ-1 association 
with the corneal epithelial surface 
we again turned to our liposome 
models and fl uorescence anisotropy 
measurements. In this experiment, 
we used fl uorescence anisotropy 

measurements again to determine the 
effect of PHMB and PQ-1 associat-
ing with the liposome by measuring 
the stability of the liposome using its 

Figure 3. Interactions of free fl uorescein dianions (FL) and fl uorescein (dianion)-labeled PHMB (poly-
cation) (FL-PHMB) associating with Control and HCECM liposomes. Results show PHMB associates 
with the liposome’s surfaces; free FL does not associate with either liposome.

Figure 4. PHMB-dependent (0-100 ppm) steady-state fl uorescence anisotropy vs temperature 
profi les. A photograph of the liposome solution in the presence of 100 ppm PHMB is also shown; no 
precipitant is observed.
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melting temperature (Tm). Liposome 
Tm measurements have been used 
for many decades as a tool to assess 
membrane integrity amongst other 
phenomena.21-27

Figures 4 and 5 show the effects 
of PHMB’s and PQ-1’s associa-
tion, respectively, on the membrane 
integrity of HCECM and Control 
liposomes. So, a signifi cant increase 
in Tm means that you need to increase 
the temperature to disrupt the lipo-
some; therefore the liposome becomes 
stable. Similarly, if Tm is reduced, it 
means the liposome becomes less 
stable.21-27 Inspection of Figure 4 
shows that at physiological tempera-
ture (37 °C), HCECM liposomes are 
unaffected by the presence of up to 
100 parts per million (ppm) or 0.01% 
PHMB. While not in the fi gure, the 
same result is observed with Control 
liposomes up to 100 ppm PHMB. The 
results in Figures 3 and 4 together 
demonstrate that PHMB binds to the 
HCECM membranes that contain the 
major, key components of the human 
corneal epithelium and does not have 
a deleterious impact on the HCECM 
membrane integrity at up to 100 ppm 
PHMB, which is up to 100-times the 

PHMB levels found in commonly used 
MPS.

 As shown in Figure 5, the situation 
with PQ-1 is very different in com-
parison to PHMB. As observed with 
PHMB, the Control membrane Tm is 
not affected by a high concentration of 
PQ-1 of up to 64 ppm PQ-1. So, this 
association with the Control mem-
brane does not affect the Control’s 
membrane stability at up to 64 ppm 
PQ-1, which can be seen by the clear 
fl uid in the cuvette in the left panel.  
Also, the HCECM membrane stability 
(Tm) is not affected by up to 7 ppm 
PQ-1 as shown in the right panel; how-
ever, above 7 ppm PQ-1, the HCECM 
membranes are completely and ir-
reversibly damaged and the liposomes 
fall out of solution. Precipitation in the 
cuvette is only seen for the HCECM 
membranes with ≥8 ppm PQ-1. This 
result demonstrates the damaging ef-
fects PQ-1 at high concentrations can 
have on the HCECM membranes.

 Interestingly, some commercial 
MPS products contain up to 10 ppm 
PQ-1.  Additional research is currently 
underway to further understand this 
phenomenon and the potential impli-
cations of these fi ndings.

Dr. Karpecki: Thank you for taking 
the time to walk us through these 
important fi ndings. It was over a year 
ago that I was fi rst introduced to 
some of this work and it helped me 
understand why we were seeing this 
transient hyperfl uorescence with fl uo-
rescein in MPS users who were free of 
any additional signs or symptoms we 
would expect to see with the “staining” 
observed and unlike pathological stain-
ing, resolved without treatment. 

Dr. Karpecki: I would love to hear 
the thoughts of the other participants 
regarding Dr. Bright’s fi ndings?

Dr. Efron: Dr. Bright’s fi ndings have 
potentially important implications for 
contact lens practitioners.  The fi rst, 
and perhaps most obvious conclusion, 
is that practitioners should anticipate 
observing a strong hyperfl uorescent 
signal— which we now refer to as 
PATH—after about two hours in 
patients who have been wearing soft 
lenses preserved in a PHMB disin-
fecting solution, and should not be 
alarmed by it! Additionally, there is 
some evidence that indicates PATH 
is observed earlier with PQ-1/Aldox-
based MPS, so clinicians should be 

Figure 5. Effect of PQ-1 on control liposome integrity with a photograph of a standard cuvette containing 64 ppm PQ-1 (left panel) and on 
HCECM liposomes with a photograph of the liposome solution in the presence of 8 ppm PQ-1 (right panel); a white precipitate is clearly visible 
in the bottom of the cuvette. Hatched lines (8, 16 & 64 ppm) are hypothetical stability curves as liposomes fell out of solution. 
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aware that patients using solutions 
with these preservatives may observe 
PATH before two hours.16,29,30 Of 
course, practitioners should remain 
alert as to the possibility of the pres-
ence of any genuine coincidental 
pathology. One possible way of distin-
guishing between PATH and patho-
logical corneal staining would be to 
have the patient return in, say, another 
four hours. By this time, the PATH 
signal would have largely subsided, so 
substantial residual hypofl uorescence 
may be corneal staining and indica-
tive of some disturbance to the ocular 
surface, especially if there are other 
concomitant signs or symptoms.

Dr. Morgan: Dr. Bright’s fi ndings 
suggest that alternative mechanisms 
appear to exist to explain some forms 
of fl uorescein staining such as what 
some call PATH. I believe that we 
should use his fi ndings to challenge 
our perceptions of fl uorescein stain-
ing and encourage further research to 
deliver knowledge in this area to eye 
care practitioners.

Dr. Karpecki: Dr. Bright, does fl uores-
cein bind to all preservatives in MPS 
or only PHMB and PQ-1?

Dr. Bright: So far we have only 
completed experiments with PHMB 
and PQ-1. We are, however, in the 
midst of experiments using other 
preservative agents. But based on the 
physiochemical properties of alexidine 
and Aldox, which both carry an overall 
net positive charge, we expect that 
both preservatives will interact with 
fl uorescein, though what is the extent 
and strength of their binding is the real 
question.  

Dr. Karpecki: Are these associations 
between fl uorescein and preservatives 
reversible?

Dr. Bright: As the associations formed 
between fl uorescein and preservatives 
are equilibrium complexes, rather 
than permanent associations, such as 
covalent bonds, the association we are 

discussing here is completely revers-
ible. Thus, the degree to which the 
complex forms (percentage of mol-
ecules of a given type that are actually 
in a complex and not free in solution) 
depends on, amongst other things: 
(i) temperature, (ii) pH, (iii) instanta-
neous concentration of the molecules 
in play, including PHMB, PQ-1, 
fl uorescein, other agents within the 
MPS that can associate with FL and/
or the preservative agents [Figure 1]), 
and (iv) secondary additives and/or fac-
tors, such as rinsing solutions, blinking, 
and eye drops with or without addi-
tives that could themselves associate 
with one or more of the players. For 
example, adding additives like citrate 
buffers is known to bind up the preser-
vative agents, which has helped reduce 
the hyperfl uorescence phenomenon 
even with high concentration PQ-1 
solutions.31 Based on our studies, the 
magnitude of the association that we 
have measured for PHMB and PQ-1 
with FL are several orders-of-magni-
tude smaller in comparison to a typical 
antigen-antibody association. Thus, if 
we dilute our solutions, the complexes 
dissociate soon after dilution based 
upon the strength of the ionic interac-
tion; antigen-antibody complexes do 
not dissociate on a similar time scale, 
if at all.

Section 3: Corneal Stain-

ing and MPS-Associated 

Hyperfl uorescence: Is it 

all the same?

Dr. Karpecki: Dr. Morgan, I know 
that you have been actively exploring 
mechanisms of fl uorescein staining 
at the cellular level both with and 
without MPS. Could you please tell us 
a little bit about that work? 

Dr. Morgan: We have developed 
some cell culture models to investi-
gate corneal staining and our fi ndings 
suggest that most cells will uptake 

fl uorescein and appear dark green 
microscopically (fl uorescent cells), 
with a minority taking up much greater 
amounts, appearing bright green 
(hyperfl uorescent cells). We have 
modelled staining, which is related to 
contact lens care systems and in doing 
so, we found many more bright green 
cells when compared to exposure to 
saline, mimicking the clinical situa-
tion.  A key outcome is to understand 
why these cells appear bright green. 
Our work continues in this area, but at 
this stage it does not seem that these 
cells are dead.  In fact, we believe 
these bright green cells are normal and 
active. Our early fi ndings agree with 
those from  a previous study by Wilson 
and colleagues that was published in 
1995.32 In their study, they observed in 
untreated healthy corneas a typical mi-
cropunctate pattern of corneal staining 
due to hyperfl uorescent epithelial cells 
that took up fl uorescein. In addition 
to hyperfl uorescent cells, many other 
cells stained with fl uorescein, although 
less brightly. They hypothesized that 
hyperfl uorescent cells were those that 
took up fl uorescein optimally.32 This 
may be occurring in our model system 
as well.

Dr. Karpecki: Do we know what fl uo-
rescein actually stains in the cornea?

Dr. Morgan: It seems quite possible 
that similar appearances of ocular 
surface hyperfl uorescence can have 
signifi cantly different causes. For 
example, we generally describe the 
pooling of fl uorescein in the micro-
depressions formed when air bubbles 
are trapped under a rigid contact lens 
as ‘dimple-veil staining’. Similarly, the 
depressions formed by mucus balls 
under a silicone hydrogel lens can fi ll 
with fl uorescein and the term ‘staining’ 
is often applied.  It seems evident that 
these phenomena are not “staining” 
in the cell biology sense of the term.  
On the other hand, it seems pos-
sible that other appearances of ocular 
surface hyperfl uorescence are indeed 
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“staining”—with fl uorescein entering 
the cells. Solution-induced ‘staining’ 
might be due to one of these processes 
or could be some other phenomena 
altogether, including MPS 
preservative and fl uorescein 
interactions shown by Dr. 
Bright’s group.  There is an 
obvious requirement for 
better knowledge across this 
entire area.

Dr. Efron: Prior to 2010, two 
preclinical studies showed 
that fl uorescein can enter 
healthy cells but the level of 
fl uorescence could not be 
seen under a biomicroscope 
with a blue fi lter.32,33 Recent-
ly, two clinical studies pub-
lished in the ophthalmology 
literature by researchers at 
the Jules Stein Eye Institute 
at UCLA using membrane 
cytology and confocal mi-
croscopy showed that healthy 
human corneal epithelial cells 
in vivo do indeed take up fl u-
orescein.34, 35 The fi rst study 
demonstrated that removing 
the mucin layer in an individ-
ual in good ocular health led 
to “fl uorescein” staining. As 
you can see in the left panel 
of Figure 6, the “staining” pat-

tern matches the size and shape of the 
membrane used for cytology. When 
they inspected the membrane used for 
the cytology, the number of epithelial 

cells they had removed could not ac-
count for the hyperfl uorescent pattern 
and the membrane stained positively 
for mucin. As you can see in the right 

panel of Figure 6, after three 
hours, the “staining” had all but 
resolved.35

 Similarly, in the second 
study, removal of the cornea 
post-fl uorescein dye testing 
showed that fl uorescein enters 
the cells of the epithelial layer 
(Figure 7, top panel).34 In the 
bottom panel of Figure 7, they 
found that fl uorescein enters 
cells throughout the superfi -
cial epithelium, so these cells 
are not desquamating. While 
these studies did not look at the 
hyperfl uorescence observed in 
users of MPS, they certainly 
cast great doubt as to what was 
thought to be the mechanisms 
of “corneal staining.” These 
fi ndings in conjunction with 
Dr. Morgan’s show that even if 
fl uorescein does fi ll intracellular 
spaces or enters dead or dam-
aged cells, which we can’t be 
sure of since fl uorescein is not a 
molecular probe; these are not 
the mechanisms at play here.

Dr. Karpecki: Are all preserva-

Figure 6. Photograph of the fl uorescein-stained cornea in healthy subject immediately post impression cytology (left panel). Photograph of the fl uorescein-
stained impression defect three hours later (right panel). Reproduced with permission from Thinda S, Sikh PK, Hopp LM, et al. Polycarbonate membrane 
impression cytology: evidence for fl uorescein staining in normal and dry eye corneas. Br J Ophthalmol 2010;94:406-409. 

Figure 7. Fluorescent photograph of the corneal button demonstrates 
pre-operative fl uorescein is still present in the tissue of the cornea 
in cross-section (Top). After DAPI staining of the cell nuclei, punctate 
stains appear in the second cell layer (bottom). Reproduced with 
permission from Mokhtarzadeh M, Casey R, Glasgow BJ. Fluorescein 
Punctate Staining Traced to Superfi cial Corneal Epithelial Cells by 
Impression Cytology and Confocal Microscopy. Invest Ophthalmol Vis 
Sci. 2011;52(5):2127-35.34
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tives adsorbed and released by contact 
lenses?

Dr. Bright: Based on my studies as 
well as those published in the litera-
ture, all preservatives are absorbed and 
released by all soft contact lenses.16

 The rate of which, depends on the 
specifi c lens material and preserva-
tive.16

Dr. Karpecki: How do you tell the dif-
ference between PATH and pathologi-
cal corneal staining?

Dr. Efron: PATH is generally observed 
with peak hyperfl uorescence occurring 
two hours following insertion of a lens 
that has been stored in PHMB-based 
MPS, or earlier for PQ-1–based MPS.  
As I stated earlier, one possible way 
of distinguishing between PATH and 
pathological corneal staining would be 
to have the patient leave their contact 
lenses out and return in a few hours.  

By this time, the PATH signal would 
have largely subsided, and any residual 
corneal staining might be indicative of 
some disturbance to the ocular surface. 
PATH is generally even and perhaps 
more prominent in the mid-periph-
eral cornea, coinciding with slightly 
greater bearing of the soft lens against 
the cornea in those regions. As well, 
PATH is usually bilateral, so signifi cant 
unilateral staining may indicate corneal 
pathology.

Dr. Karpecki: I also look at timing 
since it can be expected that PATH 
will be observed for several hours 
after lens insertion. So observing the 
patient later in the day, without treat-
ment or removal of the contact lens, 
will typically show no staining.  Similar 
to what Dr. Efron mentioned, PATH 
has an annular appearance, where 
corneal staining during asymptomatic 
contact lens wear shows character-

istic patterns, such as 3 and 9 
o’clock staining in rigid lens 
wearers and SEALs in silicone 
hydrogel wearers. Further, 
with the exception of the two 
examples I just gave, signs such 
as conjunctival injection, and 
symptoms, such as irritation, 
burning, or photophobia, are 
often present with pathological 
corneal staining, which helps 
to differentiate PATH from 
contact lens complications.  

Dr. Karpecki: Does PATH sig-
nify a breakdown in the corneal 
epithelial barrier?

Dr. Efron: No, PATH appears 
to be a strong signal resulting 
from a chemical interaction with 
contact lens solution preserva-
tive agents.  It is probably not 
indicative of any form of pathol-
ogy or breakdown of the corneal 
epithelial barrier.

Dr. Morgan: At this time, it is 
diffi cult to provide a defi nitive 
answer to this question for all 
cases since we have only begun 

to explore the cause of PATH at a cel-
lular and molecular level.  Then again, 
in general, corneal staining which is 
associated with solution use is transient 
and superfi cial. Most reports suggest 
that it is asymptomatic and there is no 
real evidence to link it to an increase in 
contact lens-associated infections. This 
might suggest that there is no break-
down of the corneal epithelial barrier.

Dr. Karpecki: If PATH did signify 
a breakdown in the corneal barrier, 
then infection would be a sequelae of 
PATH, but studies, such as that by clin-
ical researchers at the Brien Holden 
Vision Institute in Australia (Figure 8), 
show that observed hyperfl uorescence 
is not predictive of future infection.36 

To date, I have not seen any evidence 
in the literature or the clinic that 
supports PATH increasing the risk for 
infection, which would be expected if 
the cornea was breached. 

Figure 8. No relationship observed between the extent of corneal staining and microbial keratitis (MK). Average 
corneal staining (or PATH) extent prior to an MK event among 10 individuals shown. There is no pattern or trend of 
the extent of staining and these 10 events. In the control group (n=658) and the group who had corneal infl amma-
tory events (n=419), no signifi cant difference was found in corneal staining extent when compared. Reproduced 
with permission from Carnt N, Willcox MD, Evans V, et al. Corneal staining: The IER Matrix Study. Contact Lens 
Spectrum 2007;22(9):38,40-41,43.
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Section 4: Applying New 

Findings to Clinical Prac-

tice

Dr. Karpecki: We have previously 
discussed Dr. Bright’s fi ndings regard-
ing the benign interactions of the MPS 
preservative PHMB, with fl uorescein 
and the corneal cell membrane as well 
as, in Dr. Morgan’s research, the ability 
of fl uorescein to enter healthy cells 
and even show hyperfl uorescence in 
some cells in the absence or presence 
of PHMB-based MPS with no harmful 
effects. I am interested in how these 
new understandings can help guide 
clinical decision making.

Dr. Karpecki: In light of all the new 
fi ndings, how valuable do you feel 
the Staining Grid is in informing 
clinical decisions?

Dr. Efron: Paradoxically, the Stain-
ing Grid can be useful in informing 
clinicians about what to expect to 
observe in contact lens wearers when 
fl uorescein is used at a two hour time 
point following lens insertion from 
certain MPS solutions, as long as it 
is understood that this grid is really 
only presenting information about 
PATH at two hours, rather than about 
corneal dysfunction or solution and 
lens biocompatibility. If this is prop-
erly understood, then the Grid can 
be useful in alerting practitioners of 
the strength of the PATH signal with 
certain lens-solution combinations. 

However, the grid may not be useful 
if you examine contact lens patients at 
other timepoints, such as 30 minutes 
after lens insertion, as you may see 
higher levels of PATH with PQ-1/
Aldox-based solution than would be 
expected based on the Grid. This is 
one of the signifi cant limitations of the 
grid for clinical practice. Practitioners 
can then ignore a PATH signal and 
concentrate on looking for pathologi-
cal corneal staining. It is important to 
understand that the PATH signal is 
benign, and should not form the basis 
of clinical decision-making.

Dr. Morgan: The Staining Grid 
presents reasonable fi gures for the 
peak level of staining with certain lens/
solution combinations at just one point 
in time—two hours.  To this end, eye 
care practitioners examining patients 
after about two hours of lens wear 
might reasonably expect to see the 
designated area of corneal staining 
and this might be of reassurance that a 
patient is showing a “normal” response 
similar to others wearing the same 
lenses and using the same solution.  

Dr. Karpecki: Since its inception, I 
have not found the Grid to be informa-
tive as to which patients are likely to 
have complications based on the lens 
and solution they are using. I believe 
that a staining grid within 30 minutes 
of lens insertion would be more help-
ful since we know that if pathological 
staining were to occur it would be 
imminent after contact with a solu-

tion or lens (e.g., a patient accidentally 
putting a non-neutralized, hydrogen 
peroxide immersed contact lens in the 
eye). Though, as previously stated, the 
Grid can inform clinicians as to what 
amount of PATH they can expect to 
see within two hours after lens inser-
tion even though it may not be related 
to any sequelae or pathology.

Dr. Karpecki: I have also come to 
expect at least some low grade normal 
physiological corneal staining in most 
contact lens wearing patients, irrespec-
tive of modality, which I consider to be 
normal.  Along these lines, how much 
physiological corneal staining should 
we expect to see in a non-problematic 
contact lens wearer who does not use 
lens care solutions, such as a continu-
ous lens wearer or daily disposable 
contact lens wearer?

Dr. Morgan: Most non-contact lens 
wearers exhibit some level of physi-
ological corneal staining and values up 
to Grade 1 on the Efron scale (Figure 
9) are to be expected.37

 Dr. Efron: Low grade physiological 
corneal staining of Grade 1 or less on 
the Efron scale is a common occur-
rence among non-problematic contact 
lens wearers.  It is typically transient 
and will generally resolve within a few 
hours of ceasing lens wear.  In fact, low 
level staining is intermittently observed 
in healthy non-lens wearers.

Dr. Karpecki: What level of corneal 

Figure 9. Efron Corneal Staining Grading Scale. A global fi ve step grading system to document the extent and severity of corneal staining (non-PATH). Grade 
0 = no staining, not clinically signifi cant, no treatment required; Grade 1 = trace staining, not clinically signifi cant, no treatment required; Grade 2 = mild 
staining, note in record and watch progression; Grade 3 = moderate staining, therapeutic intervention recommended; Grade 4 = severe staining, treatment 
required. Reproduced with permission from Nathan Efron and Elsevier. This image was published in “Contact Lens Complications,” Second Edition, Nathan 
Efron, Appendix A, pp. 239-243, copyright Elsevier (2004).

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
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staining differentiates normal physi-
ological staining from pathological 
staining and requires clinical inter-
vention?

Dr. Morgan: The etiology of the 
staining is key here, but in general, 
non-transient Grade 2 or higher 
might require some form of manage-
ment or intervention.

Dr. Efron: As a general rule, non-
transient corneal staining of Grade 
2 or more on the Efron scale is con-
sidered as being clinically signifi cant. 
Practitioners should try and identify 
the cause of any observed staining, 
after discounting the possibility of 
PATH, so that action can be taken to 
avoid future occurrences.  However, 
the cause of corneal staining is not al-
ways obvious. Certainly, if persistent 
Grade 2 or greater corneal staining is 
observed, especially if associated with 
discomfort and/or limbal redness, 
then clinical intervention is required.  
In the fi rst instance, a temporary ces-
sation of lens wear is indicated, which 
in most cases will lead to a resolution 
of the problem.  

Dr. Karpecki: If you were advising 
one of our colleagues, what would 
you recommend they do if they see 
excessive PATH?

Dr. Morgan: Eye care practitioners 
should expect to see some staining-
type response with lens/solution 
combinations, especially after a 
short time of lens wear.  If staining 
is present beyond what might be 
routinely expected, then practitio-
ners should consider causes other 
than a simple lens/solution one and 
act accordingly.

Dr. Efron: Just sit back and enjoy 
the pretty light show! Nothing 
needs to be done, as PATH staining 
is benign. However, practitioners 
should remain alert, as the pos-
sibility exists that PATH might be 
masking corneal staining due to a 
contact lens complication, and have 

an ongoing discourse with patients 
about their satisfaction with their 
lenses and whether they are experi-
encing any signs or symptoms that 
would be indicative of an underlying 
problem.  With our increased under-
standing of the time-course of these 
preservative-associated phenomena, 
practitioners should be able to dif-
ferentiate PATH from pathological 
corneal staining with confi dence.

Dr. Karpecki: I want to thank my 
colleagues for a lively and informa-
tive discussion. Based on the re-
search presented and our exchange, 
I feel that these new fi ndings have 
begun to explain the disconnect in 
contact lens wearers who use MPS 
and what we were observing under 
the slit-lamp and the lack of signs 
and symptoms that would be indica-
tive of a complication. 

While a signifi cant effort has been 
made to connect PATH with adverse 
outcomes over the past decade, to 
date, no negative sequelae have 
been shown to be associated with 
PATH. It is essential that we, as cli-
nicians, understand the tools in our 
armamentarium so with proper use, 
we can understand what we are ob-
serving in our patients and why.  It is 
only then that we can make the best 
clinical decisions for our patient’s 
health and satisfaction. ✪

References: 
1. von Bayer A. Chem Ber. 1871;5:255-59.
2. Gouzie D, Dodd RP, White DM. Dye-tracing studies in south-
western Missouri, USA: indication of stratigraphic fl ow control in 
the Burlington Limestone. Hydrogeology J. 2010;18(4):1043-52.
3. Meaney MS, McGuffi n VL. Investigation of common fl uoro-
phores for the detection of nitrated explosives by fl uorescence 
quenching. Anal Chim Acta. 2008;610(1):57-67.
4. Duan Y, Liu M, Sun W, et al. Recent progress on synthesis of 
fl uorescein probes. Mini-Rev Org Chem. 2009;6:35-43.
5. Romanchuk KG. Fluorescein. Physiochemical factors affecting 
its fl uorescence. Surv Ophthalmol.1982;26(5):269-83.
6. Sjöback R, Nygren J, Kubista M. Absorption and fl uorescence 
properties of fl uorescein. Spectrochim Acta Part A: Mol Biomol 
Spectroscopy. 1995;51(6):L7-21.
7. Chen FS, Maurice DM. The pH in the precorneal tear fi lm and 
under a contact lens measured with a fl uorescent probe. Exp Eye 
Res.1990;50(3):251-9.
8. Guilbault GG. General Aspects of Luminescene Spectroscopy, 
in G.G. Guilbault, Editor, Editors(ed): Practical Fluorescence. New 
York: Marcel Dekker, Inc., 1990, 1-40.
9. Klonis N, Sawyer WH. Spectral properties of the prototropic 
forms of fl uorescein in aqueous solution. J Fluorescence. 

1996;6(3):147-57.
10. Avrameas S. Coupling of enzymes to proteins with glutaral-
dehyde. Use of the conjugates for the detection of antigens and 
antibodies. Immunochemistry. 1969;6(1):43-52.
11. Talian JC, Olmsted JB, Goldman RD. A rapid procedure for 
preparing fl uorescein-labeled specifi c antibodies from whole 
antiserum: its use in analyzing cytoskeletal architecture. J Cell 
Biol. 1983;97(4):1277-82.
12. Schena M, Shalon D, Davis RW, Brown PO. Quantitative 
monitoring of gene expression patterns with a complementary 
DNA microarray. Science. 1995;270(5235):467-70.
13. Jayasena SD. Aptamers: an emerging class of molecules that 
rival antibodies in diagnostics. Clin Chem. 1999;45(9):1628-50.
14. Molecular Probes Handbook, A Guide to Fluorescent Probes 
and Labeling Technologies. 11th ed. 2010, Carlsbad, CA: Invitro-
gen Life Sciences.
15. Tabery HM. Dual appearance of fl uorescein staining in vivo of 
diseased human corneal epithelium. A non-contact photomicro-
graphic study. Br J Ophthalmol. 1992;76(1):43-4.
16. Powell CH, Lally JM, Hoong LD, Huth SW. Lipophilic versus 
hydrodynamic modes of uptake and release by contact lenses of 
active entities used in multipurpose solutions. Cont Lens Anterior 
Eye. 2010;33(1):9-18.
17. Blackburn RS, Harvey A, Kettle LL, et al. Sorption of 
poly(hexamethylenebiguanide) on cellulose: mechanism of bind-
ing and molecular recognition. Langmuir 2006;22(13):5636-44.
18. Gilbert P, Moore LE. Cationic antiseptics: diversity of action 
under a common epithet. J Appl Microbiol. 2005;99(4):703-15.
19. Bruinsma GM, Rustema-Abbing M, van der Mei HC, et al. 
Resistance to a polyquaternium-1 lens care solution and iso-
electric points of Pseudomonas aeruginosa strains. J Antimicrob 
Chemother. 2006;57(4):764-6.
20. Ingersoll CM, Strollo CM. Steady-state fl uorescence anisot-
ropy to investigate fl avonoids binding to proteins. J Chem Ed. 
2007;84(8):1313-15.
21. Lakowicz JR, Principles of Fluorescence Spectroscopy. 3rd 
ed. 2006, New York: Springer.
22. Lasic DD, Liposomes: From Physics to Applications. 1st ed. 
1993, Amsterdam, Netherlands: Elsevier Science Ltd.
23. Gregoriadis G, Liposome Preparation and Related Techniques. 
3rd ed. Liposome Technology, ed. G. Gregoriadis. Vol. 1. 2007, 
New York: Informa Healthcare USA, Inc.
24. Ikeda T, Tazuke S, Watanabe M. Interaction of biologically 
active molecules with phospholipid membranes. I. Fluorescence 
depolarization studies on the effect of polymeric biocide bearing 
biguanide groups in the main chain. Biochim Biophys Acta. 
1983;735(3):380-6.
25. Wang S, Beechem JM, Gratton E, Glaser M. Orientational 
distribution of 1,6-diphenyl-1,3,5-hexatriene in phospholipid 
vesicles as determined by global analysis of frequency domain 
fl uorimetry data. Biochemistry. 1991;30(22):5565-72.
26. Shinitzky M, Barenholz Y. Dynamics of the hydrocarbon 
layer in liposomes of lecithin and sphingomyelin containing 
dicetylphosphate. J Biol Chem. 1974;249(8):2652-57.
27. Lentz BR, Barenholz Y, Thompson TE. Fluorescence depolar-
ization studies of phase transitions and fl uidity in phospholipid 
bilayers. 1. Single component phosphatidylcholine liposomes. 
Biochemistry. 1976;15(20):4521-8.
28. Merchant TE, Lass JH, Roat MI, et al. P-31 NMR analysis of 
phospholipids from cultured human corneal epithelial, fi broblast 
and endothelial cells. Curr Eye Res. 1990;9(12):1167-76.
29. Willcox MD, Phillips B, Ozkan J, et al. Interactions of lens care 
with silicone hydrogel lenses and effect on comfort. Optom Vis 
Sci. 2010;87(11):839-46.
30. Kislan T. An evaluation of corneal staining with 2 multipur-
pose solutions. Optometry. 2008;79(suppl):330.
31. Gibbs DE, Stein JM, Rockett J, et al. Opti-Free chemical 
disinfectant: a safety study with various soft contact lenses. 
CLAO J. 1989;15(1):57-60.
32. Wilson G, Ren H, Laurent J. Corneal epithelial fl uorescein 
staining. J Am Optom Assoc 1995;66(7):435-41.
33. Feenstra RP, Tseng SC. Comparison of fl uorescein and rose 
bengal staining. Ophthalmology. 1992;99(4):605-17.
34. Mokhtarzadeh M, Casey R, Glasgow BJ. Fluorescein punctate 
staining traced to superfi cial corneal epithelial cells by impres-
sion cytology and confocal microscopy. Invest Ophthalmol Vis 
Sci. 2011;52(5):2127-35.
35. Thinda S, Sikh PK, Hopp LM, Glasgow BJ. Polycarbon-
ate membrane impression cytology: evidence for fl uorescein 
staining in normal and dry eye corneas. Br J Ophthalmol. 
2010;94(4):406-9.
36. Carnt N, Willcox MD, Evans V, et al. Corneal staining: The IER 
Matrix Study. Contact Lens Spectrum. 2007;22(9):38,40-41,43.
37. Efron N, Contact Lens Complications. 2nd ed. 2004, Oxford, 
UK: Butterworth-Heinemann. 288.

SL6751

000_10_11_B+L Stain-1.indd   12000_10_11_B+L Stain-1.indd   12 9/26/11   4:28 PM9/26/11   4:28 PM


	001_r2_B+L Stain
	002_B+L Stain
	003_B+L Stain
	004_B+L Stain
	005_B+L Stain
	006_B+L Stain
	007_B+L Stain
	008_B+L Stain
	009_B+L Stain
	010_B+L Stain
	011_B+L Stain
	012_B+L Stain


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /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 /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not using OPI based ad managment services.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /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 /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not using OPI based ad managment services.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /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 /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not using OPI based ad managment services.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /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 /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not using OPI based ad managment services.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /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 /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not using OPI based ad managment services.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /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 /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not using OPI based ad managment services.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /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 /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not using OPI based ad managment services.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /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 /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not using OPI based ad managment services.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /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 /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not using OPI based ad managment services.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /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 /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not using OPI based ad managment services.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /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 /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not using OPI based ad managment services.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /Symbol
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /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 /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF's if you are not using OPI based ad managment services.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


